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Abstract

This thesis reports on a comparison of four genres of scientific writing: the research
article, university textbook, popular science article and science books for children. The
comparison is based on a functional linguistic analysis of what are taken to be exemplary
texts from these genres and focuses on the levels of register (or context of situation),
genre (or context of culture) and ideology (loosely used to mean power relations reflected
in and achieved through discourse). The textbooks and research article examined are
found to be similar in register but distinct at the level of genre. Allowing for the
difference in age of the readers, the study also finds broad similarity between textbooks
and science books for children at both the levels of register and geare. Differences
between popular science texts and the other three genres are particularly marked at the
interpersonal level, and can be explained in terms of the popular science texts in the study
being primarily news genres. Specifically, two of the popular texts in the study are issues
reports (characterised by White 1997 as ‘the discoveries of some authorised source’),

while one is an opinion piece.

The basis of the examination of ideological differences between the four genres is from
the perspective of how each genre establishes objectivity, what each regards as
constituting a fact, and power relations between reader and writer. Research science
achieves objectivity by universalising propositions by removing association with people,
time and place (Latour and Woolgar 1979). The research article functions to persuade
readers (who represent the powerful research community) to accept knowledge claims
(Myers 1989). This persuasion must be accomplished through an appearance of
objectivity through removal of human participants and without the more usual
interpersonal devices such as attitudinal lexis. Propositions become fact when they are

accepted, and cited as uncontroversial by the research community.

Like the research article, textbooks appear objective by removal of association with
people. However, by contrast with research articles, writers of textbooks are more
powerful than their readers are. Textbook writers, in summarising all information

accepted as fact by the research community, are representative and mouthpiece of that
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powerful community. In privileging facts (scientists’ ideas) over scientists themselves,
textbooks extend the power differential noted by Myers (1989) between research
community and individual researcher. Textbooks reify the fact and further bury the
individual, containing only generic references to scientists. Science books for children,
Jike textbooks, contain only generic references to scientists. They do, however, try to

engage readers through illustrations and by identifying readers with scientists.

Popular science texts are distinct from the other three genres in establishing writer
objectivity through the journalistic means of attrbuting 1deas and utterances to
authoritative human participants in the text. Popular texts, because they report on findings
that the research community has not yet endorsed as fact, are distinct from research
articles and textbooks in representing findings as provisional and even controversial, and

thus provide an insight into science as a social activity that is absent from the other

genres.

This research finds little evidence that popular science represents a stmpler or more
accessible form than textbooks. Indeed the similarity in register and genre between
textbooks and science books for children calls into question the commonly-held
conception of factual texts as inherently more difficult than forms such as narrative. This
research indicates that research articles and textbooks are target forms for tertiary
students and students in the later years of secondary school. Motivated by this, the
researcher suggests that importing features of popular science writing into textbooks
would be counter-productive. Instead she suggests a greater role for popular science texts
themselves at secondary and at tertiary level. 1n providing an insight into scientists as
people and the sacial nature of how facts are established, popular science texts can go

some way to dispelling the mystique of science as authoritative and difficult.
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CHAPTER1 INTRODUCTION

The value of studying popular science genres.

Research questions.

Influences on my study: its focus and methodological orientation.
Texts analysed for this study.

An overview of the structure of this thesis.

— et )t e A
L YR AR

1.1  The value of studying popular science genres

Science has become more influential than religion as a source of authority in western
culture in modern times. In 1859 Darwin attempted to increase the credibility of his theory
of evolution by arguing that it was not at odds with a biblical view. Nowadays proponents
of the biblical view of creation give this view credibility by renaming it “creation science”.
The authority of science in western culture does not however imply wide understanding of
most scientific concepis by most people. In spite of this, such is the authority of science

that most western people accept a scientific view on most issues.

A current example in South Affrica is the controversy about what causes AIDS. Scientific
authonties, such as the South African Medical Research Council, claim that HIV causes
AIDS. They support their assertion with research studies that indicate that use of anti-
retroviral drugs controls the onset of AIDS in HIV positive patients. This view has the
overwhelming support of the newspapers in South Africa, and, on the evidence of their
letters pages, of their readers too. This is in spite of the fact that very few people outside
of the medical profession have a sophisticated understanding of how viruses interact with
the body, or what an immune response is. The authority of science alone is enough to
convince most people that the solution proposed by medical science and reported in the
newspapers is reliable. It is worth noting however, that the so-called ‘AIDS dissidents’,
who claim that HIV does not cause AIDS, also stress the scientific basis for their
viewpoint, indicating that science is authontative for people on both sides of this

controversy.

The limited understanding most people have of most scientific topics is perhaps inevitable
given the newness, complexity, and amount of scientific knowledge. Our access to
scientific knowledge is also limited. Besides what we learn at home and at school,

newspapers and other popular sources such as television and magazines are our main
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sources of scientific knowledge. This makes popular science articles a central source of
knowledge about science for most people. Popular science articles in newspapers,
newsmagazines and also in popular science journals have a far larger readership than most
research articles, but little research has been done into the discourse features of popular
science genres. In the chapters that follow [ consider the discourse features and
ideological assumptions of popular forms (including popular news articles and science
books for children) and compare these to the academic genres that have been the subject
of greater enquiry in the past. I consider too the extent to which popular forms cao be

usefully used n the classroom.

1.2 Research questions

In any study, it is useful to have a standard against which to measure the phenomenon
under focus. Because they have been vadely studied, and because much 1s known about
their discourse features, academic genres such as research articles and textbooks are the
obvious choice for comparison with popular genres. My enquiry thus focuses on how
popular genres deviate from these well-studied genres, which are also widely
acknowledged to be important and influential. This comparison is reflected in my first

research question:

1. What distinguishes popular scientific genres from academic ones, and how do they
relate to each other?

Furthermore, some research (e.g. Myers 1989) has also been done on power relations in
research articles, giving me some yardstick against which to measure the ideological
assumptions of the popular texts in my study. This concern is reflected in my second

research question:

2. How does register in represeniative texis from each genre illuminate the 1deological
assumptions of each genre?
Since my initial motive for starting the study on which I report in this thesis was to get an

insight into the pedagogical appropriateness of using popular articles to teach science

writing, this is the subject of enquiry of my third question, namely:

3. What is the pedagogical relevance of an understanding of questions 1 and 2 1o
science teaching?
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These questions give shape to what follows, a matter that I return to in section 1.5 below.

1.3 Influences on my study: its focus and methodological orientation.

As my three research questions above suggest, this thesis reports on a comparison of the
discourse features of scientific texts in four genres, seeks to illuminate the 1deological
assumptions of the texts studied, and by extension the four genres, and considers the
pedagogical relevance of an understanding of these features. Two of the four genres that T
concentrate on - research article and textbook — are ‘serious’ genres of science and have
been relatively well studied (e.g. by Bazerman, 1988, Myers, 1989, 1992b, and Martin,
1993). The other two genres — articles in magazines/ newspapers, and children’s books —
are popular genres of science and have been the subject of considerably less research, e.y.
by Myers (1991) and Fahnestock (1986). Thus a starting pownt for this study 1s a
comparison of the popular with the mere serious genres. To accomplish this comparison,
representative texts from each genre are examined in depth, using Systemic Functional

Grammar (see below).

This comparison of popular and academic scientific genres is prompted firstly by recent
work 1n linguistics on the interpersonal dimension of scientific discourse. Myers (1989:28)
for example, in a study of reader-writer relations in research articles, suggests that the
relationship between reader and wnter is likely to be a simpler one in popularisations than
tn research articles, a suggestion not entirely borne out by the present study. Fahnestock
(1986) suggests that popularisations are far less likely 10 hedge knowledge claims than are
the research articles from which they are drawn. Once again this is a suggestion not
enurely supported by the findings of this study. Investigation in the field of the sociology
of science into the nature of scientific facts in research science (e.g. Latour and Woolgar
1979, Knorr-Cetina 1981) indicates that the discourse of science is ideologically informed.
Chapter 4 will show a somewbat different orientation in popular texts to facts and to
establishing objectivity compared to research articles. These suggestions indicate that a
fuller companison of popular with academic scientific texts — with particular emphasis on
realisation of the interpersonal metafunction - will prove useful in illuminating the
ideological dimension of these genres. In fact, as this thesis shows, there are distinct
differences in power relations between reader, writer and research community in each of

the genres that constitute this study.
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I am stimulated secondly by work by Lemke (1990) to seek ways of making easier the
learning of science, and in particular the learming of scientific literacy. As a teacher of
science writing (at tertiary tevel), I was prompted to explore whether the popular science
texts I give my students are suitable models for leaming how to write academic scientific
discourse. My choice of popular texts is partly motivated by the fact that my students are
second language speakers of English and have also attended under-resourced schools and
are thus regarded by the umversity as “under-prepared” for science study. [ therefore
choose popular texts for their somewhat easier content level and what 1 assume to be their
greater accessibility. However, if those texts differ too greatly from academic science
texts, either grammatically or ideologically, the advantage of greater accessibility of

content is negated. This is a matter I report on i chapter 5.3.

My decision to include science books for children as a genre worthy of study was
prompted by a number of studies on genre, focusing on textbooks in particular, by
Australian Systemic Functional Linguists. In particular, the claim by Martin (1989) that
factual genres are nct more difficuit than narrative, merely less familiar, prompted me to
consider books for children as a genre other than textbooks. Books for children,
moreover, are a genre that is read Tor pleasure, rather than for the instrumental reasons
that motivate readers of textbooks. My discussion in section 4.5 as well as that in chapter
5 will show that, while shedding light on the discourse features of children’s science books
and their similarity to textbooks, my study offers no answer to the question of the relative

difficulty of factua! genres.

However, this investigation does have some application for science education generally.
Textbooks and other science materials are sometimes said (e.g. by Lemke 1990, and
Sutton 1996) to be dry and impersonal. As news genres, popular science texts can by
contrast be expected to be more engaging of the reader. An investigation into popular
texts is therefore useful in deciding whether the elements in popular texts that make them
more engaging can be used in materials for schoo! children. The research also sheds light
on the extent to which science books for children are similar to and prepare children for
academic texts. This is an important issue on which, to my knowledge, little or no research

has as yet been done.
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Methodologically my study employs Systemic Functional Grammar in an attempt to
provide a systematic and comprehensive comparison of the grammatical features of five
texts that I selected as representing the four genres in the study. I was prompted to employ
Systernic Functional Grammar as a tool in my analysis by its promise of explaining, in
terms of the grammatical choices made by the writer of the text, how a text makes the
meanings it does. Because of its focus on meaning Systemic Functional Grammar enables
an examination of ideological meaning. It allows the analyst to base his/her judgement of
ideological meaning in the text not on intuition or on the distributio.n of a few grammatical
items (such as use of modality or of the passive voice) but on a comprehensive framework
of grammatical features that can be systematically compared across the texts analysed.
This framework of grammatical features is considered along three dimensions of meaaing:
ideational or content meaning, interpersonal meaning (the relationship between reader,
wrnter and how they feel about the content), and organisational or textual meaning. These
three dimensions enable a comprehensive description of a text at the level of register. Such
description is also useful to the analyst in comparing texts at the levels of genre and of
ideology. Martin (1992: 405) makes the analogy between the meaning made at the levels
of register, genre and ideology and the layers of an onion. This analogy, illustrated in
Figure 1, usefully stresses the layered nature of Systemic Functional analysis, and the way,
for example, that the level of Ideology includes but also goes beyond the levels of genre

and register. 1 provide a fuller account of this framework in chapter 3.

Ideology

Genre

Register
Ideational/content meaning
Interpersonal meaning

Textual/organisational meaning

Figure [: The levels of Register, Genre and Ideology in the Systemic Functional Model
(adapted from Butt, Fahey, Spinks and Yallop, 1995)
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1.4 Texts apalysed for this study

A representative text from each of four genres — the research article, the textbook, the
newspaper article and the science book for children - was chosen for analysis. (A full
account of these texts is provided in section 3.1). The texts chosen are all on the same
topic, for the purpose of keeping the ideational meaning as similar across texts as possible.
The topic chosen was: what caused the extinction of the dinosaurs. The selection of this
topic was motivated by a wish to select a topic of current popularity in a number of genres
in the study: research articles, popular journal articles and science books for children.
Reflecting a new area of enquiry in research, the extinction of the dinosaurs was an
extremely popular topic in popular science journals such as New Scientist and Scientific
American between 1980 and 1995. For example in this period no fewer than 60 articles

were published on the topic in the Mew Scientist alone. Dinosaurs continue to be a

popular topic for children’s science books; feature films such as Jurassic Park and
television documentaries such as the BBC Walking with Dinosaurs are an indication of

their endurning fascination for adults as well.

A number of texts on the topic in each of the four genres was collected: ten research
articles, four textbooks, about 70 popular articles and ten science books for children. This
collection of texts was then narrowed down and a limited selection was fully analysed.
Between one and four texts were analysed in each of the four genres, but for reasons of
economy, a single typical text was chosen as an example of each genre, with reference and

comparison made to other texts in the genre:

Table 1.1: Texts in my study
! Genre Number of texts | Number of | Number of texts considered in
] originally considered | texts analysed | Chapter 4
Research 10 1 1
article
Textbook 4 3 1, with additional reference to 2
further texts
Popular 70 3 2, with additional reference to |
article further text
Science for 10 4 1, with additional reference to a
children further 3 texts

As popular texts fall into a wide range of genres, and as a wider range of audiences are

addressed by popular than by academic texts, two texts from this genre are fully analysed
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in chapter 4 rather than a single one. Nevertheless, this study does not pretend to provide
a comprehensive survey of popular or academic science genres. Breadth of survey has
been sacrificed for the sake of depth. Two written popular news genres — the issue report
and the opinion piece - are examined in the study To lLimit the length of the study, the

following popular science genres have been omutted:

o Longer articles in popular science journals such as Scientific American, in which a
researcher or sometimes a journalist expands on a particular piece/area of research.
This long science article is less common than the short science articles (generally issues
reports) found in newspapers, newsmagazines as well as popular science journals.

s Qenres such as television nature documentaries or news documentaries on a current

topic n science are omitted 1n order to keep the length of the study reasonable.

In terms of academic genres, a single textbook genre, the information report, 1s included,

and no attempt is made to examine a fuller range of textbook genres.

1.5 An overview of the structure of this thesis

Chapter 2, the survey of relevant literature, and chapter 3, which provides a bnef outline
of Systemic Functional Grammar as an analytical tool, provide the background against
which the analysis of texts takes place in chapter 4 of this thesis. Chapter 4 suggests

answers to my first two research questions:

1. What distinguishes popular scientific genres from academic ones, and how do they
relate to each other?

2. How does register in representative fexts from each genre illuminate the ideological
assumplions of each genre?

Chapter 5, a consideration of the pedagogical applications of the findings in chapter 4,

concerns the third of my research questions:

3. What is the pedagogical relevance of an understanding of questions 1 and 2 to
science teaching?

To expand on the above, in chapter 2 | survey a number of bodies of literature that have
influenced me in my analysis. I begin my account by discussing several concepts that are

centrally important in my analysis. These include the concepts of discourse, literacy,
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register, genre and ideology. As indicated in 1.3 above, Systemic Functional Grammar
enables analysis of texts at the level of register, which in turn is useful in analysis at the
levels of genre and ideology because it provides essential information about organisation
of the text, participants in the text, and the relationships between participants. All three of
these terms (register, genre and ideology) have been used with some range of meaning in
the literature. I therefore reflect on how these terms have been used, and explain how I use
them in this study. The term genre, for example, has a ‘large-scale’ meaning (examples are
research articles and textbooks) and a ‘small-scale’ meaning (examples are explanation and
procedure) as developed by Australian workers on genre theory. Both are useful to me in
this study, and I use the term in both ways. Simularly, 1deology has been used with the
neutral meaning of ‘beliefs or values’, as well as rnore negatively, to denote meaning that
functions to sustain power relations. Once again, I use both meanings in my study. Chapter
2 also surveys studies that have been done of science genres such as research article,

textbook and popular science article.

As mentioned earlier, Chapter 3 provides a detailed account of the texts analysed in
chapter 4. Chapter 3 also provides a brief and simplified description of how Systemic
Functional Grammar analyses register. In doing so 1t gives a fuller account than that
provided in 1.3 of the dimensions of meaning at the level of register: ideational,
interpersonal and textual meaning, key elements of the framework for analysis used in
chapter 4. It considers these different components of meaning in language from the point
of view of texts as well as of illustrations, A framework for analysis of meaning in
lustrations is necessary, because, as reflected in the copies of texts in the appendix, all

texts in my study are accompanied by illustrations.

Chapter 4 is the central chapter of the thesis, and constitutes about half the length of the
thesis. This chapter provides answers to the first and second of my research questions. It
constitutes an analysis and comparnison of the four different genres that are the subject of
this thesis. Chapter 4 is long because it provides an in-depth analysis of register, genre and
ideology in five texts, regarded by me as exemplary of the genres they represent. The
length ts also partly accounted for because of the extensive comparison between texts that
is fundamental to my study, and by the numerous tables necessary in an analysis of this

sort, where a close to statistical portrait of the discourse features of each text is attempted.
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Chapter 4 is organised into six sub-chapters:

e 4.1 reports on my analysis of an extract from a research article.

e 42 reports on my analysis of an extract from a first year geology textbook, making
comparison with two other textbooks: an extract from a textbook for advanced
students, and an extract from a textbook for non-science students.

s 4.3 reports on my analysis of a popular science article from Scientific American, and

compares it with an extract from a further popular article from Time magazine. Both
cf these are examples of news articles of the issues report genre.
e 4.4 reports on my analysts of an extract from a further popular genre, an opinion piece

drawn from a South African newspaper, the Mail and Guardian.

e 4.5 reports on my analysis of an extract from a book for children, Prehistonic Life, and

compares this to three other science books for children.

e Tinally, 4.6 summarises and compares the four genres analysed in sub-chapters 4.1 to
45.

Each of these six sub-chapters follows the same pattern of organisation, reflecting the

necessity in this study for systematic comparison of features across texts. Each sub-

chapter analyses the same features 1n its elucidation of register. These are:

» Ideational meaning (Field). I consider human participants, processes and participants,
and circumstances.

o Textual meaning (Mode). I consider theme, nominalisation, passivisation, and
conjunctive relations

e Interpersonal meaning (Tenor). I consider contact, affect and status, hedging and
evaluation.

Each sub-chapter then proceeds to discuss the levels of Genre and Ideology. My reference

to ideology in each of the six sub-chapters considers how objectivity is established in each

text n the study, and what each genre considers to coostitute a fact. It considers the

power relations between reader, writer and research community in each genre.

Chapter 5 is where I consider the third and last of my research questions, the pedagogical
implications of the analysis of register, genre and ideology in chapter 4. This chapter is
more suggestive than chapter 4. I examine the extent to which the research article and

textbook are target forms for students. I then reflect on the advantages and disadvantages
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to students of using pepular texts in learning scientific literacy. I consider also the value of
use of popular science texts by teachers of science, and reflect on whether importing
aspects of popular writing into textbooks would have any value or not. Finally I examine
the exient to which science texts for children are similar to textbooks, and may thus be a
preparation for using textbooks in later life.

In the appendix 1 provide a copy of the original of each text in the study together with a
further copy of each text divided into numbered clauses. The appendix has been organised
so that the copy of the onginal text folds out beyond the right margin of the page for ease

of reference while reading chapter 4.

In chapter 6 I conclude this thesis by briefly summarising the main findings of my research,

considering the limitations of the study and suggesting possibilities for future research.
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CHAPTER 2 LITERATURE SURVEY

2.1 Introduction

2.2 Literacy and discourse
2.3 Systemic Functiunal Linguistics
231 Genre
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2.3.3 |deology
2.3.3.1  How the term ‘ideoclogy’ has been used
2.3.3.2 Power. ideology and discourse
2.3.3.3 Varying access to resources
2.3.3.4 Power relations in science research articles and other science genres
2.3.3.5 How propositions become fact in science
2.4 Scientific genres
2.4.1 Rhelorical aspects of research anticles
2.4.2 Grammatical features of research articles
243 Textbooks
2.5 News genres
2.5.1 The genres of news reporting
2.5.2 The values expressed in news genres
253 Studies of the discourse features of popular science
26 Summary

2.1 Introduction

In this chapter I summarise literature from several fields that has influenced me in my study, and
which informs the analysis on which 1 report in chapter 4. These fields include Systemic
Functional Linguistics including work done in this tradition on science, news, and on genre; the
New Literacy Studies; the New Rhetoric Studies, including work in this tradition on science
and on genre; and finally, research on ideology, including the perspective on ideology cf Cntical
Language Study. This body of literature provides essential insights both in my analysis of
scientific genres and in the answers [ offer to my three research questions (cf section 1.2) In
section 2.2 of this chapter I outline and distinguish between two concepts that are central to
this study: literacy and discourse. These terms have been used with some variation in the
literature, and it is therefore important to clanfy my use of them in this study. In section 2.3 I
provide some theoretical background to the field of Systemic Functional Linguisties, which is
central in the study in that | use it in chapter 4 as a first step in analysis of the texts I consider.
(Chapter 3 provides a brief explanation of the grammar of Systemic Functional Linguistics
from a more methodological perspective.) To complete my analysis in chapter 4 a consideration

of genre, register and ideology is necessary, and these concepts I define in sections 2.3.1, 2.3.2,
and 2.3.3.
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Since my study focuses on a comparison of popular with academic science genres, 1 therefore,
in section 2.5, survey the work that has been done on the different science genres in the study
(research article, textbook, popular science and science for children), and point to its relevance
to my own study. As science popularisations appear m newspapers and news magazines, they
can be considered to be news discourse. I therefore look briefly (in section 2.6) at research that
has been done on News, particularly work in the tradition of Systemic Functional Linguistics
(where, usefully for my purposes, considering my research questions, emphasis has been both

on genre and on ideology).

2.2 Literacy and discourse

The concept of literacy has been revisited by Street (1984, 1993), Heath (1986) and others.
Traditional definitions of Iiteracy concern being able to read and write (Goody 1968). However
Heath’s (1986) study of three communities indicates the very different literacy practices of
different communities, the different values placed on text by differcnt communities and the
different ways that children are socialised imto literacy. For Heath literacy is therefore more
complex than being able to read and write. It includes (1986:98) the different “interpretive
processes and strategies” used by a community. This has been extended by the New Literacy
Studies (Street 1993), which view literacy practices as not only closely related to and
reinforced by community values and beliefs (Adendorff 1999:56), but also “imbued with
ideology” (Street and Street 1991:143). My research seeks to identify distinguishing discoursal
features of exemplary texts in the four genres of science writing studied, and through an
understanding of them to illuminate the ideological assumptions of the texts under
investigation. In particular, I am interested in the possibility that ideological differences berween

popular and academic texts may make popular texts a useful addition to science teaching,

Heath’s (1986) work indicates that how we use text is culture-dependent, and that different
groups have different literacies: different “ways of taking” meaning from text, different sets of
practices and values associated with speaking, reading, writing. My study focuses specifically
on the discourse of science, and examines a plurality of literacies/comnmunicative practices in
texts in a range of genres in science. Texts I consider include articles on science from
newspapers, news magazines and popular science magazines as well as mainstream academic
Iteracies, for example research articles and textbooks. An approach that views literacy as plural

rather than a simple matter of being able to read and write is of use to me in this study because
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of my interest in how the acquisition of academic literacies can be facilitated. As [ indicate n
chapter 5, I teach a scientific writing course in which 1 make use of popular science texts
because of their somewhat easier level of content. However if the communicanve demands of
reading and writing a popular text are very different from those of reading and writing more
academic texts, then the use of popular texts in the teaching of academic science writing may
not be advantageous to students.

Gee’s (1990) use of the term ‘Discourse’ is ssmilar to the above use of the term literacy. He
distinguishes his (caprtalised) use of the term from the more general way ‘discourse’ 1s used n
linguistics to mean ‘language produced as an act of communication’ (Richards, Platt and Platt,
1992:111). As with “literacy’, Gee’s use of Discourse involves the combination of reading,
writing and speaking with action, thought and feeling. For Gee (1990:175) being a “member of
a Discourse” involves not only using language but also sharing the values, ideas and emotions
of the Discourse and behaving in a way regarded as appropriate by members of the Discourse.
One must be able to take on a role recogmsed by others members of the Discourse. As Gee
points out, this makes a Discourse more difficult to teach/acquire than we would otherwise
expect, because in order to acquire the Discourse one must become acculturated into it in order
to play the rote convincingly. To become a member of the Discourse of science a student thus
needs to participate in and regard as natural and self-evident the values of research science, for

example, that science should be quantitative, repeatable and free from bias.

2.3 Systemic Functional Linguistics

This thesis reports on discourse analysis, as mentioned earlier, of a number of genres in
science. As 2 first step in the discourse analysis process, namely to analyse and describe
the texts and thus enable them to be compared, I employ Systemic Functional Grammar,
making jt the central analytical tool in the analysis. In chapter 3 I focus on how Systemic
Functional Grammar analyses text, outlining the categories in the grammar, and how these
are identified. In what follows by contrast, I provide a brief theoretical background to
Systernic Functional Linguistics, the view it takes of language and text, and the ways in

which [ consider it particularly useful to my analysis

Halliday (1994:xiii) indicates that Systemic Functional Grammar is functional in that it

tries to ‘account for how the language is used’. Systemic Functional Grammar views
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meaning in text as reflected in three metafunctions: the ideational (which fulfils the
purpose of language of understanding the environment), the interpersonal (which fulfils
the speaker’s purpose in allowing him/her to act on others and indicate attitude), and the
textual (which organises the message). Systemic Functional Linguistics is built on a view
of language as a system of options. For example the choice between question and
statement, between different lexical items, or between expressing what we say in a series
of short clauses linked by conjunctions or a series of long clauses with extended nominal
groups as described in the comparison of spoken and written language above. Systemic
Functional Grammar thus provides a very useful tool for analysing text at the level of the
clause, while building up a systematic and even statistical impression of how language has
been used to construct the message of the text. Analysing the choices that the writer has
made enables the reader to draw conclusions about how the writer views the world, the
relationship between writer and reader etc. In short it is important for this study because
of the insights it affords about the writer’s ideology, the concern of my second research
question (cf. section 1.2). Although time-consuming and difficult to employ for long texts,
Systemic Functional Grammar affords the analyst a fair degree of certainty about the
correctness of the analysis because the same features are systematically and
comprehensively considered for different texts, allowing a statistical insight wnto

grammatical differences between texts.

Like Firth, Halliday views the text rather than the sentence as central to analysis of
language. For Halliday (1994:xxii) a ‘theory of the system’ of language is only useful if it
can ‘account for how the system engenders text’. Similarly, we cannot understand a text
unless we understand the system. Halliday (1994:xxvii) draws a distinction between
structural grammars {which are syntagmatic, having ‘structure as their main organising
feature and bringing in special devices to relate one structure to another’) and Systemic
Functional Grammar which i1s paradigmatic. This means that in Systemic Functional
Grammar ‘the description of any feature is its relationship to everything else’. The benefits
of this conception of grammar can be seen in chapter 4 in my analysis of use of the
passive, of nominalisation, and of human participants in the texts in my study. The passive
as well as nominalisation are used extensively in research articles and textbooks to omit
human participants as agents. This has an influence on the thematic progression of the
texts as the goal rather than the agent is in first/thematic position more often than

expected. Thus a choice which appears to function at the ideational level (who the
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participants in the text are) has important functions too at the interpersonal level (omitted
agents to create the impression of objectivity) as well as the textual level (the apparently

marked choice of goal as theme).

Analysis of a text affords us an understanding of ‘how, and why, the text means what it
does’ (Halliday 1994:xv). Beyond understanding a text, if we wish to evaluate the
effectiveness of the text, we need to take account of its context. Halliday (1994:xvi)
indicates that the analysis of the meaning of a text must be related to conteﬁ at two levels:
the context of situation and the context of culture. Both derive from Firth, (1957:144),
who suggests that we can arrive at an understanding of language if we use data from
contexts that are ‘typical, recurrent and repeatedly observable’. Whether this refers to
recurring genres (such as research articles or prayers) or recurring speech situations (such
as classroum interaction, church services etc.) is not entirely clear from this. In Halliday's
(1994:30cxi) conception the context of situation of a text is its environment, while the

context of culture is the environment of the overall language system.

Mariin (1992:495) equates context of situation with register, which comprises three
components, Field, Tenor and Mode (Martin, 1992:404). These correspond to the
tdeational, interpersonal and textual metafunctions. Martin (1992:495) furthermore
equates context of culture with genre (see section 2.3.]1 below), an interpretation of genre
[ follow in this study. To the levels of genre and register Martin (1992:405) adds ideology
as a third layer of meaning. I discuss genre, register and ideology in the following three
sections, viz, 2.3.1, 2.3.2 and 2.3 3.

2.3.1 Genre

Discussion of the concept of ‘Genre’ js particularly rich in the literature and very useful for
my purposes in this study since genre is the primary category in terms of which selection
of texts was made. Texts within the four genres I analyse in this study (research article,
textbook, popular science article and science books for children) are indeed in Firth’s
words (1957:144), ‘recurrent and repeatedly observable’. Distinctions between these

genres are universally recognised by users of the texts
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Hyon (1996) notes that there are three traditions in the study of genre: English for Specific
Purposes (ESP), Australian theories of genre, and the New Rhetoric Studies in the United
States. ESP and Australian work on genre has, according to Hyon (1996) stressed the
structural features of genres. The New Rhetoric studies by contrast have stressed the
contexts in which genres occur and what they are used to accomplish. For example, in the
ESP tradition, structural move analysis has been used to analyse the organisation of
research article introductions (Swales 1981). In the Australian studies there has also been
explicit identification of obligatory and optional structural elements of a genre. For
example Butt, Fahey, Spinks and Yallop (1995:17) identify narrative, recount, information
teport, discussion, explanation, exposition and procedure as genres. This stress on
structural elements reflects the strong pedagogical emphasis in both ESP and the
Australian studies. Both have analysed the structural elements of genre for the purpose of
facilitating the learning of genres. ESP has applied such work at tertiary level in specific
fields such as science, commerce and law, and work on genre in Australia has had wide
application at school level. Nevertheless, in both traditions, it is not merely structural
elements of genre that are important. Rather, there is recognition that the social context of
genre is important. For example in the ESP tradition, Swales (1990:58), defines genre as
‘a class of communicative events which share some set of communicative purposes which
are recognised by the expert members of the parent discourse community’. Similarly, in the
Australian tradition Martin (1984:25) defines gemre as ‘a staged, goal-onented purposeful

activity in which speakers engage as members of (their) culture ',

In relation to science the communicative purpose of the research article, for instance, 1s
urnuversally recognised by research scientists as getting research findings recognised by the
discourse commumnty We can view research sctentists as members of a culture of science
(or ip Gee’s (1990) terms, members of a Discourse), in that they share certain values and
behave in such a way (linguistically and otherwise) as to be recognised as scientists by
other members of the culture. As will be seen below, this notion of shared values within a
culrure of science has importance for my second research question, concerning ideology. It
1s because scientists share values that they subscribe to a particular belief system and
accept the power relations within the science discourse community. This in turn, as ¥
explain below (in 2.3.3.4), is reflected in the characteristic grammatical features of

scientific discourse.
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By contrast with ESP and the Australian studies, the New Rhetoric studies place far less
stress on knowledge of surface features of a genre (Hyon 1996:699). This approach
focuses less for example on use of the past tense passive in the Method section of a
research article, and pays more attention to the motive for writing a Method section
impersonally and why this section of a research article 1s formulated as it is. Miller
(1984:159) considers genres to be ‘“typified rhetorical actions based on recurrent
situations”. “‘Action’ in the context of this tradition refers to the social purposes that a
genre fulfils. Bazerman (1988:323) for example, stresses the need to “understand the
fundamental assumptions and aims of the community”, making the values and goals of the
community primary, and showing less attention to the structural features. He (1988:153ff)
also illustrates the dynamic and changing nature of genres and warns against representing
them as structurally or Linguistically static. He illustrates this point by looking at changes
\n structural and grammatical features in 2 journal, the Phaysical Review, over a period of
90 years. He shows, for example, how articles emphasised methods and research
instruments at the beginning of the period but, in response to rapid development of
knowledge in the field, by the end of the period, emphasts was on theoretical concerns. An
example of change at the grammatical level is the doubiing in proportion of noun clauses
(presenting facts, claims or observations — I refer to them as ‘fact clauses’ in chapter 4) in

the articles over the 90 years studied (Bazerman 1988:168).

These different definutions of genre have led to the labelling of texts of different sizes as genres.
Bazerman (1988), for example, working within the New Rhetoric tradition, refers to the
research article genre (a key genre in my investigation) Although emphasis in the Australian
genre studies has been on textbooks (for example Martin 1993, Wignell, Martin and Eggins
1993, Veel 1997), and more lately on media genres (White 1997), an analysis of the research
article in this tradition would, I imagine, see a number of genres within the research article.
These would include the recount genre in the method section of a research article and
exposition, explanation or discussion in the Discussion section of a research article etc. In this
study I use the word in two main ways. Firstly T use the term genre in the broad sense as
Bazerman (1988) has used it and speak of four different genres to be analysed in this study.
This view of genre is useful to me firstly because the genres are universatly recognised as such
by their users, and secondly because 1 view the genres in my study as a whole (e g research
article), as fulfilling the wnter’s purpose, not the subsections within the genre (e.g. method
section). For pedagogical purposes however, the Australian approach is very useful. Therefore
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in chapter 5 and in the sections on genre in chapter 4, I focus on the staged nature of smaller
scale pieces of text that would be regarded as distinct genres in the Australian tradition.

In summary, from the discussion in this and the previous section, it is clear that there is
some overlap in the use of the terms lteracy (as used in the New Literacy studies),
Discourse, and genre (particularly as used in the New Rhetoric studies, but also present in
Martin’s (1984) reference to ‘culture’ and Swales’s (1990) reference to recognition by the
discourse community). In its broadest definition, a literacy involves use of language and
associated behaviour and conceptualisations within a cultural context. To this, in his use of
the term Discourse, Gee (1990) adds values, emotions and the ability to take on an
appropniate role. (This is particularly useful to me in considering my second research
questicn, which concemns the ideological assumptions of the genres I study). The term
‘genre’ has similar meanings to Discourse with regard to the assumptions and aims of the
community but studies of genre have focused to a greater extent than do studies of literacy

or discourse on typified forms with identifiable structural features.

2.3.2 Register

In sociolinguistics the term register is used to mean “sets of language items associated with
discrete occupations or social groups’ (Wardhaugh 1998:48). In Systemic Functional
Linguistics however, the term has a wider mearnung and is used by Halliday (1989:44) to mean
functional vanation: variation in language according to the functions it is being used for.
Halliday elsewhere (1993:54) defines register as “a cluster of features having a greater than
random tendency to co-occur’. He views scientific English, for instance, as a register and
points out (1993:54) that, lke a dialect with which we are familiar, we recognise the register of
scientific English when we see it. This implies that a number of different scientific genres fall
into this category of scientific register. Elsewhere however, Halliday (1985:318) lists “narrative,
transactional, and expository” texts as examples of registers, indicating some overlap with
Australian genre studies’ concept of genre. By contrast Martin (1992:469) (who 1 follow in this
thesis) distinguishes register from genre, characterising regjster as forming a leve! below that of
genre and above that of semantics (which in turn is above the level of grammar).

Focusing now on what it is about scientific writing that makes us recognise it as a distinct
register, Halliday (1993:56) suggests that a text is recognised as “‘scientific English” because of
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the combined effect of “clusters of features” and, importantly, the relations of these features
throughout the text These features include nominalisation of verbs and adjectives, technical
terms, extended nominal groups, tentative language, causal and reasoming verbs, and
impersonal language and passivisation. These features, especially nominalisation, tentative
language, passivisation and impersonal language are central to my analysis in chapter 4. They
are discussed at greater length in sections 3.2.3 and 3.2.5.

With respect to these clusters of features in science texts, Lemke’s (1990) study of
classroom discourse indicates that these may have an important influence on the ease with
which children leam science. For example, Lemke (1990:22) suggests that learning science
is difficult for those from social backgrounds where the preferred grammar, rhetorical
patterns, figures of speech and activity structures of science are unfamiliar (for example,
impersonal passivised writing). This has some relevance to my discussion in chapter 5,
where [ consider the relevance to teaching science and scientific wnting of differences

between the four genres analysed in my study.

As indicated in section 2.3 above, register comprises three components: Field, Tenor and
Mode, corresponding to the ideational, interpersonal and textual metafunctions. 1 discuss these
metafunctions in greater depth in chapter 3, but as they form the basis of my analysis in chapter
4 T will provide a very brief sketch of them here. Field refers to meaning in the sense of content
(Halliday 1994:106), and refers to the expenential function of language. Focus on field involves
who or what the participants are, and what they are doing, thinking or being and associated
circumstances (how/when/where etc) Tenor refers to the interaction between speaker/writer
and listener/reader. Scientific writing 1s unusual in using attitudinal lexis (commonly used in
non-science texts to express interpersonal meaning) only very sparingly, and relationship
between writer and reader is reflected in subtle elements such as modality and evaluation. This
omission of attitudinal lexis from science writing is related to the western cultural association of
attitude with subjectivity, and the need in academuc scientific writing to be objective. Mode, the
third component of register, refers to how a text is organised. Mode concems how a clause fits
in with the rest of the message, forming a coherent whole by making links to clauses ahead of it

and before it in the message by the use of such devices as thematisation and conjunction.

In chapter 4 1 analyse register (or context of situation) in four genres (research article,

textbook, popular article and science for children), and this forms the basis of my analysis of
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two other levels of context: genre (context of culture) and ideology. Having considered the use
of the terms genre and register above, I turmn, in the next section, to consider some of the
literature associated with the concept of ideology.

2.3.3 Ideology

The popular conception of science, and one shared by many scientists, is that science is
objective, and its discourse thus very little influenced by the subjective beliefs of individual
scientists. However, it is well established amongst sociologists of science (e.g. Latour and
Woolgar 1979, Knorr-Cetina 1981) that the appearance of objectivity is carefully
constructed by the use of grammatical conventions in the discourse of sctence. In order to
increase the likelihood that readers will accept their ideas, wrnters must employ the
conventions signalling objectivity to increase the credibility of the discourse in the minds
of the readers. This does not imply that scientific discourse is largely untrue, or an attempt
to deceive readers: the writers believe and have evidence for what they write. Nevertheless
they must follow the conventions of objectivity in what they write in order to persuade
readers to accept their findings. If their findings are accepted by the scientific discourse
community (pnmarily researchers working in the same field but also the wider scientific
community who take an interest in the findings), writers attain power in the form of
prestige, funding etc. This makes scientific writing highly persuasive in intent and points to
objectivity as part of an ideology of science. As will be seen in Chapter 4, objectivity is
achieved differently in different genres. The 1deology of objectivity is part of what gives
science authority in the wider societal context, and scientific findings and facts are used by
those with political and economic power to justify policy decisions. This has important
implications for my second research question, which concemns the ideological assumptions

of the genres I examine.

In this section ] review the range of meanings associated with the term ideology. I
consider how power is exercised through discourse, which is the vehicle for the expression
of 1deology. As power is used to control access to resources, I consider what resources
are at stake m science discourse, both within the science discourse community and in the
wider context of society. I then take a closer look at the power relations within a variety of
science genres: research articles, textbooks and news articles. 1 consider finally how

authority is established in science and how a proposition comes to be accepted as fact. The
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notion of authority is central to the exercise of power both within the science discourse
community and in the wider societal, political and economic context. Once again, this has

implications for my consideration of the ideological assumptions of the genres in my study.

2.3.3.1 How the term ‘ideclogy’ has been used

The term ideology has been used with a wide range of meaning, sometimes with neutral,
but usually with negative connotations. In sociology it is used neutrally to mean systems of
meaning or belief (Thompson 1990:5) or a body of ideas characteristic of a particular
social group (Eagleton 1991:1). This neutral definition is not concermed with reality or
unreality. By contrast, most negative definitions are preoccupied with the question of
rruth/falsity. Ideology is seen as illusion, distortion and mystification, and functions 10
establist and maintain power (Eagleton 1991:5). Thompsou (1990:56), for example,
defines idevlogy as “the ways that meaning serves to establish and sustain relations of

domination™.

1 agree with Eagleton (1991) in finding both neutral and negative meanings of the term
ideology useful. Within scientific discourse it is easy to think of ideology in terms of values
and beliefs. For example, as [ suggested above, objectivity is a central value of the
scientific community. To gain the authority of a fact, a proposition must be accepted as
objective by the scientific community. Within the scientific community the role of scientific
discourse in relations of domination is probably hmited to gate-keeptng functions
associated with access to funding and decisions concerning publication of research articles
(and thus whether the knowledge claim of the article becomes accepted as fact). In the
wider context of society, as Lemke (1990:129) points out, science plays an even greater
role in relations of domination. A current South African example is the debate about the
causal relationship between HIV and AIDS between President Thabo Mbeki (who denies
a causal link) and AIDS activists, supported by the media, (who insist that HIV does cause
AIDS). As Lemke (1990:129) suggests in his discussion of the power of the “mystique” of
science, to bolster their claims, both sides invoke the authority of scientific experts (the so-
called “AIDS dissident” scientists on the one hand and the Medical Research Council on
the other). The authority of science is used by both sides in the exercise of power: the
President justifies policy and government expenditure by reference to scientific authonty
and the highly vocal criticism of his policies by AIDS activists and media is viewed as

threatening to the authority of the government. For example one ATDS clinic that supplied
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anti-retroviral drugs (in conflict with government policy) was forced to close because it

was “trying to bring down the government’’.

Although both the neutral definition of ideology as ‘values’ and the negative definition of
ideolegy as concerned with relations of domination are useful, 1 find a vanation on the
negative definition by Gee (1990) even more valuable in my analysis of scientific
discourse. Gee (1990:104) views ideology as “any theory one holds (overtly or tacitly)
about the distribution of ‘goods’ in society”, the ‘goods’ being status and solidanty. I find
this definition useful because, as Myers (1989) shows, writers of research articles are at
pains to show deference to and solidarity with the research community. By offering the
‘goods’ of deference towards and solidarity with the research community, writers incrzase
their own chances of achieving the ‘goods’ of status as represented by acceptance of their
knowledge claims by the scientific community, subsequent citation of their publications,
funding of research and an increased gate-keeping role: the ability to decide on the factual

status of other knowledge claims.

Althusser (quoted in Eagleton 1991:19) suggests an affective rather than reasoned/
/cognitive theory of ideology. In this affective theory, ideology expresses the speaker’s
attitude to rhe world, “coded into a discourse that looks like it is describing the way things
are” (Eagleton 1991:19). As feminism has made clear, power relations pervade family
relationships at a personal level, where inequalities have been naturalised to the extent that
they seem to be natural, merely the way things are. Power relations in science discourse
are not on this personal level, but in a similar way they intimately pervade the language of
science at the level of the lexicogrammar, and for example impersonal, passivised language

1s apparently, normal, inevitable, “the way things are”

In summary, I {ind three meanings of the term ‘ideology’ useful. lts meaning as ‘beliefs or
values charactenstic of a sccial group’ i1s useful in discussing the culture and Discourse of
science. Secondly, a negative meaning of the term as sustaining relations of domination is
useful in a consideration of the ways that the authonty and “mystique” of science are used
by powerfu! individuals and institutions to justify policy decisions. Finally, Gee’s (1990)
view of ideology as concerned with theories about the distribution of the ‘goods’ of status
and solidarity is useful in an analysis of science genres, where the exercise of power is

more subtle than is implied in a definition concerned with maintenance of domination of
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one group by another. I draw on these three senses of the term repeatedly throughout the
thesis, in particular in sections 4.1.6, 4.2.6, 4.3.6, 4.4.6, 4.5.6 and 4.6.6.

2.3.3.2 Power, ideclogy and discourse

In this section I consider how ideology, as the means through which consensua! power is
exercised, is sited in discourse, as well as the notion that ideology in discourse is not only
involved in reflecting reality, but also in creating it. This is important for my purposes
because discourse is the main way that people are exposed fo ideology, in scientific
discourse no less than in, for example, political speeches. Control of discourse and its
conventions is one way that institutions and the state maintain power (Fairclough
1989:37). Fairclough (1989-33) distinguishes between coercive power (e.g. the power of
the state maintained by police, army etc) and consensual power (e.g. that power
maintained through discourse in education, Jaw, the media etc). Eagleton (1991) points
out that ideology in discourse does not merely reflect reality, but is constitutive of 1t.
Examples are the ideologies of ‘the American Dream’ or in South Africa, ‘the Rainbow
Nation’. By conceptualising South Africans in this way, Nelson Mandela and Desmond
Tutu made it more likely that South Africans would see themselves as harmoniously

diverse but unified.

In discussing how institutions maintain power through discourse, Fairclough (1989:39)
points out that people occupy social roles within institutions (e.g. teachers and pupils in a
school). From a negative perspective, ihese social roles constrain what people can or
cannot do or say and the discourse types they can and cannot use For example a teacher
and pupil who engaged in triadic dialogue (question response evaluation (Lemke 1990)),
would be unremarkable, while a teacher who imported the discourse of the courtroom, or
news sportscast into the classroom would require explanation. On the positive side, the
discourse types available to people are resources they can draw on (Fairclough 1989:39).
For example a scientist who wishes to publicise and get recognition for findings can draw

on the research article as a resource, and doesn’t have to invent a new form.

Eagleton (1991) outlines 6 ways in which ideological strategies, that is ways of ensuring
that ideological assumptions take root, are promoted:
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e Promoting beliefs and values congenial to the discourse community. (An example is
found in chapter 4 in the extent to which all four genres in my study promote the value
of objectivity of science).

o Naturalisation. (Naturalisation of a genre happens when the discourse type so
dominates an institutiou that other genres are suppressed and the dominant discourse
no Jonger seems to be just one way among many of seeing/expressing things but rather
the natural and only legitimate way. Naturalisation is illustrated in Bazerman’s (1988)
account of the history of the development of the research article. He shows that the
demonstration of continuity with previous research findings found in the introduction,
the explicit recount of research method found in the method section etc. has become
not just one way of presenting research findings to the scientific community, but the
dominant way).

e Universalisation. (Latour and Woolgar (1979) show how propositions become
universalised through the omission of human agency, eventually gaining factual status).

e Denigrating nvals. (An examgle is the labelling of “AIDS dissidents’ tn the example
discussed above).

o Excluding nvals. (An example is failing to cite opposing viewpotnts in a research
article).

o Muystification. (An example is that although very few Scuth Africans have any
understanding of viral transmission, many are convinced by the autbority of science

alone to take one side or other in the AIDS debate).

Fairclough (1989:92) wams that the explanations people give for their own discourse
practices should be viewed as rationalisations that serve to legitimise apparently common
sense practices. An example of this relevant to my thesis is citing of references in research
articles, which is often explained as allowing readers to read the cited work themselves.
However, another reason is crediting other researchers and thus paying proper respect to
the discourse community. This indicates that the common-sense reason for citing
references may be masking an ideological reason for doing so. Also, work that shows
continuity with already accepted findings is more easily accepted by the discourse

cormmunity than work that makes a break with tradition.
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Fairclough (1989:43) distinguishes between power in discourse (i.e. discourse as a place
where power relations are exercised) and power behind discourse (i.e. how conventions
associated with social institutions are shaped by power relations in social institutions and
society as a whole). In discussing power in discourse, Fairclough (1989:46) indicates that
the more powerful participants in any interaction control and constrain the contnbutions of
less powerful participants in three ways. These are the contents of what is said, the social
relations people enter into in the discourse (whether they are known to each other and
how equal they are), and the subject positions (roles) they occupy. If there are systematic
constraints on the contents of the discourse (i.e. on what is considered important enough
to include) this will have long-term effects on the knowledge and beliefs of the institution
or society (Fairclough 1989:74). An example pertinent to my own study is the way that
science research articles regard only sources published in research journals as legitimate,
while popuiar articles regard as legitimate information from research articles, interviews
and conference presentations. Similarly, if there are systematic constraints on the social
relations enacted in a discourse or the social identities enacting the discourse, this will
have effects on the social relationships and social identities of an institution or society
(Fatrclough 1989:74).

In summary, ideology, which is sited in discourse, can take a number of forms including
promoting beliefs congenial to the discourse community, naturalising or universalising a
particular behaviour or way of doing something so that it becomes the only reasonable or

iegitimate way, denigrating or excluding rivals, and mystifying knowledge.

2.3.3.3 Varying access to resources

In my discussion of the meaning of the terms ‘ideology’, 1 have suggested that Gee’s
variation on the negative definition of ideology, theories about the distribution of the
‘goods’ of status and solidarity in society, is useful in the analysis of the function of
ideology in scientific texts such as research articles 1 will consider Myers’ (1989) analysis
(on which I build in my thesis) of the tacit understanding by writers of status and solidanty
in research articles in the next section. I have also suggested that a negative definition of
ideology as involved in sustaining relations of domination is useful in examining the role of
science in society as a whole. In this section 1 examine how science and ideologies about
science function in relations of domination by those with political and economic power,

and look at scientific resources to which different groups in society have differing access.
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This is of particular relevance to my third research question, concerning the pedagogical

applications of my analysis of the texts in my study, which I discuss io chapter 5.

For Thompson (1990:58), symbolic forms (such as utterances, images and texts) are not
just representations of underlying social relations but are rather involved in creating and
sustaining social relations. According to Thompson (1990:59) these relations of

domination are achieved in the following way:

There are systematic differentials in terms of the distribution of, and access to,
resources. Individuals have, by virtue of their (social) location, different quantities of,
and different degrees of access to, available resources. The social location of
individuals, and the entitlements associated with their positions in a social field or
institution, endow them with varying degrees of ‘power’, understood as a socially or
institutionally endowed capacity which enables some individuals to make decisions,
pursue ends or realise interests.

Domination results when established relations of power are systematically asymmetncal
i.e. when some groups have power that excludes and to some degree Is inaccessible to

other groups.

The science resources to which people can have varying access include the literacies required
to study science, education and information, and decision and policy-making. I will discuss
each of these in turn, In terms of the literacies required to study science, the work of Heath
(1986) indicates that access to school-based literacies depends on the literacies previously
acquired by a child. Home-based literacy practices of different groups (Heath studied two
working class groups and a middle class group) mesh with school-based literacies to varying
degrees. Schools take more account of the prior learning experiences of middle class children,
and regard these as the norm, making it easier for middle class children to acquire school-based
literacies including scientific literacies. If South Africa wants to increase the number of school
children doing maths and science at high school level, it is important for schools and for the
curriculum to take account of the prior leaming expenences of their pupils and of community
values and beliefs. Science must be presented as consistent with rather than in opposition to
commumty values. (A South African example is explaining the biochemical processes (such as
enzyme action and fermentation) associated with a culturally valued activity such as beer-
brewing without denigrating or ignoring jts cultural and religious significance (communication
with ancestors).)
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Fairclough claims (1989:64), that less powerful people are actively excluded from
particular types of discourse. A blatant example is provision of unequal education under
apartheid, and deliberate limitation of access to subjects such as Maths and Science. This
exclusion and limitation continues for economic and logistical reasons (such as historical
limitations of the responsible bureaucracy and the time it takes to properly equip a school),
which thus need consideration as well as ideology. However Fairclough (1989:65) points
out that in societies that are more egalitarian than apartheid South Afnca and where
financial constraints are less pressing than in present-day South Africa, inequalities
continue to be reproduced: in general children come to occupy the class positions of their
parents. The role in this process of societal beliefs (such as science as too difficult for most
people) is apparent in Lemke’s (1990) study of classroom interaction in U.S. secondary

schools.

Lemke (1990) provides evidence of pervasive classroom and societal belief that science is
difficult and only accessible to the intelligent few. Lemke (1990:138) maintains that
scientists are viewed as expents, that science is opposed to rather than continuous with
common sense, and that most people are not able to understand it. Further, Lemke
(1990:140) shows that science is presented as authoritative. He provides evidence from
classroom interaction that pupils are told there are laws in science and encouraged to
believe in them even if the explanation is not provided at present. Fact is presented as
objective and as in npposition to theory (rather than being, in Lemke’s terms, a theory not
currently under question). These two wide-spread ideologies (in the neutral meaning of
‘beliefs’ as well as the negative meaning concerning sustaining relations of domination) —
thar science is difficult and that science is authoritative - make it more difficult for students
to learn science. They make it more likely for students not to try to understand science
(because it’s oo difficult), or to feel pressure to believe ideas they don’t understand
because they have the stamp of science on them. Thus Lemke (1990) implies that one

resource to which people have varying access is knowledge.

In additton Lemke (1990) maintains that the really important resource to which people
have varying access in science is decision and policy making and that ‘technocrats’
(policy-makers in government and industry) control this resource. These technocrats use

science to justify their decisions and limit understanding of science to prevent challenges
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to the basis for the decisions they make. A recent local example was the proposed mining
of the St Lucia dunes (in Kwa-Zulu Natal, South Africa). In this case the ecologists
working for the mining company suggested no long term damage from the mining
(Goedhals 1990), while the more independent environmental impact assessment (Kruger,
van Wilgen, Weaver and Greyling 1997) disagreed. Here both those in favour of the
mining and those against it used the authonty of science in an attempt to influence the
decision. Similarly, in the above-mentioned controversy concerning the cause of AIDS,
President Thabo Mbeki — who plays a major decision-making role in South Africa about
the appropnate response in South Africa to AIDS - gives his own belief (that HIV does
not cause ATDS) credibility by quoting vanous scientists and scientific studies that support
his belief. Both these examples illustrate Lemke’s (1990) countention that there is
domination of one group (ordinary people) by arother group (the technocrats -- in the St
Lucia case the mining company, and in the HIV-AIDS case the SA government) by their
manipulation of a third group (scientists) and the knowledge they produce. Leinke
(1990:1291F) notes that 1t benefits technocrats if people don’t understand science but
pelieve in its authonty because then they are less likely 10 question decisions. This lack of
understanding is evident in the HIV-AIDS example. Very few people have any
understanding of transmission of viruses, immunity to pathogens, immune deficiency
action oi anti-retroviral drugs etc., but, guided by the media, most middle-class South
Africans accept the mainstream medical solution to the problem and roundly condemn
Thabo Mbeki’s policy. The role of the scientific community as the authoritative experts on
which writers of popular scientific articles draw is discussed in chapter 4. This is valuable
in my consideration of my second research question (cf. 1.2), which concerns the

ideological assumptions of texis in my study.

2.3.3.4 Power relations in science research articles and other science genres

As discussed above, Gee (1990) defines ideology as theones about the distribution of the
‘goods’ of status and solidarity in society. In this section [ consider Myers’ (1989) analysis
of a tacit understanding by wrters of research articles of the distribution of status and
solidarity in research science. This account is central to my analysis of ideological

assumptions in the texts I analyse in chapter 4.

In his discussion of power relations in science research articles, Myers (1989) uses Brown

and Levinson’s (1987:58) analysis of politeness in discourse in which a ‘model person has
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negative face (the want to be unimpeded) and positive face (the want to be approved of).
To maximise benefits to him/herself and minimise any loss of face, the model person
evaluates the variables of social distance between speaker and hearer, differences in power
between speaker and hearer, and the relative size of the intended imposition on the face of
their hearer. He notes the assumption in science that the research community is very much
more powerful than the individual. Although the assumption is that individual researchers
are equal in power, all individual researchers must show deference to the research
community as a whole. Readers of research articles represent this powerful community,
and writers are therefore writing for an audience more powerful than they are. Myers
(1989) suggests that writers have to take account of, and show deference to two
audiences: other researchers in the field (what Myers refers to as the ‘esoteric audience’)
and other scientists outside the field who may show an interest in the work (the ‘exoteric
audience’). Writers of research articles must show politeness to this second audience by
providing enough background irformation for them to understand the article and thus feel
included in the research. Secondly and very importantly, writers must persuade other
researchers in the field that the research was performed accurately and repeatably etc., and
that the conclusions reached are informed by objective observation, rather than the

writer’s own wishes or preferences.

According to Myers (1989), by putting forward new knowledge claims which supersede
prior ones, writers of research articles threaten the face of other researchers who will have
to change their practices/ideas. Other face threatening acts in research articles are naming,
speculating, and asserting priority. Writers of scientific research articles mitigate the threat
to the face of other researchers in a number of ways. For example, a writer who criticises
the work of another researcher, may include him/herself in the criticism. Writers often
identify common goals, or assume the readers share their goals. An example in my data is
found in my extract from a research article, where the authors include the reader (‘we’) in
the implications section of their article (see section 4.1):

A first question 15 whether we are seeing the effects of a purely biological
Phenomenon or whether periodic extinction results from recurrent evenis or cycles
in the physical environment.

To avoid threats to the face of readers, writers of research articles also hedge claims, use
impersonal constructions or limit claims to themselves. An example from my data is the

following extract from a research article in which the authors limit their claim to



Literature Survey 30

themselves: ‘we favour extraterresirial causes’ (see section 4.1.1.1). In Myers’ analysis

this weakens what they say, as they are admitting that the opinion is limited to themselves.

Halliday (1993:68) regards the grammatical features of scientific English — nominalisation,
clauses embedded in the nominal group, relational processes, simple clause structure - as
“functional in the effective construction of reality”, viewing nominalisation as “an essenfial
resource for constructing scientific discourse” (1993:61). For example he shows
(1993:58) how, for exarple, in describing an experiment, the writer wishes to foreground
(by making thematic) the goal of the process rather than him/herself. For this purpose use
of the passive and removal of the writer from the writing may function in achieving “the
balance of information the wnter intends’ (Halliday 1993:58) rather than merely in making
what is said impersonal. By contrast, as indicated above, Myers (1989) views some
discourse features of science as functioning ideologically. In his analysis, these features of
scientific discourse are a consequence of politeness that must be displayed by individual
members of the community to the powerful discourse commuruty as a whole. In this view
these features reflect a set of ideological assumptions about social identities, relationships
and power that members of the scientific community accept, and which have become
conventionalised. My analysis in chapter 4 uses both perspectives. It considers how the
discourse features of science function in constructing meaning, and also considers how
they function in constructing and maintaining power relationships through deference

shown by individuals to the powerful discourse community.

2.3.3.5 How propositions become fact in science

So far in my discussion of ideology 1 have considered the usefulness of a range of
meanings for the term to my analysis of scientific discourse: ideology as beliefs/values,
ideology as meaning that sustains relations of domination, and ideology as theories one
holds about the distribution of ‘goods’ such as status and solidarity. I have discussed how
ideology in discourse is the vehicle for maintenance of consensual power, and how
ideology in discourse does not merely reflect reality but is partly responsible for creating
it. I have considered the power relations between participants (reader, writer and scientific
community) in various genres of scientific discourse. 1 have given attention also to the
resources to which powerful members of the scientific community have relatively greater
access and considered how in the wider society the power to make decisions is bolstered

by powerful individuals and institutions by reference to the authority of science. In this
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section I turn my attention to how a proposition acquires factual status within the
scientific community. This is an important aspect of my comparison between genres in
chapter 4, and is central to my second research question concerning the ideological

assumptions of the genres in my study.

Science tries to describe and explain Nature, to suggest laws that will predict how things
will behave not only here and now, but universally. For example Newton’s unuversal laws
of gravitation predict how two bodies will behave not only on earth, but anywhere in the
universe. So science seeks to establish knowledge that holds universally true, independent
of time and place, and independent of who 1s observing or measuring what is taking place.
Some reszarch has been done by sociologists of science into how any scientific proposition

comes to be regarded as tact.

Latour and Woolgar (1979:174) note that by ‘fact’ we usually mean “some objectively
independent entity” In general we view facts as pre-existing, and their existence as
requiring revelation. Latour and Woolgar (1979:178) quote the following extract which
indicates the belief on the part of the writer that facts are somehow “out there” and the

role of the scientists is just to reveal them:

“We can easlly imagine a world similar to ours, containing the same intransitive
objects of scientific knowledge, but without any science to produce knowledge of
them. .. In such a world, which has occurred and may come again, reality would be
unspoken for and yet things would not cease to act and interact in all kinds of
ways.” (quoted in Latour and Woolgar 1979:178).

For this author, facts are “intransitive objects of scientific knowledge,” which exist even if
there is no science or scientists. This idea of facts as existing and waiting to be discovered
by scientists is very widespread. 1 recently found the following statement in some lecture

notes for teachers doing a Bachelor cf Education (CASME, 2000):

“Ideas which just seem interesting in themselves, but don’t have any importance for

funders, won’t be investigated — and so a lot of interesting facts may remain
undiscovered’ (my italics)

Unsurpnsingly, research into the teliefs about science of school children indicate similarly
that most children view science as a series of discoveries of pre-existing facts (Duveen,

Scott and Solomon 1993, Ryan and Aikenhead 1992). There is little understanding
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amongsi school children of the socially negotiated aspects of science (Driver, Leach, Scott
and Millar 1994). The assumption in schools according to Selley (1989) is that there is ‘a
simple logical path from evidence to theory’.

Sociologists of science have disputed tius view of facts as pre-existing entities awaiting
discovery by scientists. Latour and Woolgar (1979:174) for example suggest that facts are
socially constructed (through intuition, interpretation of data, suggestions, discussion
between colleagues, reading other sources, publication, and acceptance by other
scientists). Pinch (1985) provides evidence for the reliance of facts on human judgement
and interpretation of data, and thus for the socially constructed nature of scientific fact. In
the physics research articles he studied, he (1985:6) found a chain of evidence, where
measurement of substance/phenomenon A was used as evidence for substance/
phenomenon B, which in turn was evidence of substance/phenomenon C. He descnibes
how “splodges” on a graph were taken as evidence of Ar’’, which in turn was taken as
evidence of solar neutrinos. In science. proof can usually only be provided indirectly at
several removes from what is being measured. At each step the final results (in this case
measurement of solar neutrinos) can be challenged by other researchers if they can
challenge the assumptions and observations involved in the intermediate steps (in this case
the interval on the graph where the “splodges” can be regarded as significant or whether

the Ar’’ was caused by solar neutrinos or something else altogether.)

In chapter 4 I describe a similar situation in my exemplary research article by Raup and
Sepkoski (see appendix page 3). It is of course impossible to measure directly how quickly
mass extinctions that happened millions of years ago occurred. Raup and Sepkoski’s
measure of the imeframe of mass extinction is through statistical manipulation of counts

of fossils. The subject of one of the popular articles in my study (from Scientific American,

see appendix page 23) is the evidential chalienge by another researcher (Hoffman) to Raup
and Sepkoski’s findings. Hoffman, (as Pinch (1985) found in his study of the solar
neutrinos), challenges the intermediate steps, and suggests that there are uncertainties in
Raup and Sepkoski’s fossil dating. Hoffman also challenges Raup and Sepkoski’s

manipulation of their statistics (see section 4.2).

Latour and Woolgar (1979) provide a third example that demonstrates the inevitable role

of human judgement in the construction of scientific facts. They investigated a biochemical
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laboratory that was trying to work out the molecular structure of a substance present in
the brain called TRF. To do this they synthesised a number of possible molecules and
compared them to the TRE that they had extracted from rats’ brains. This comparison
used machines that provide graphical evidence of measurements. (They call these
machines “inscription devices™). The graphical evidence produced by these machines was
then subject to the judgement of scientists, who had to decide whether the graphical
tracing made for any of the synthetic molecules was identical with the graphical tracing for
the extracted molecule or not. Thus the ‘fact’ that one of the symhcsisea molecules is
identical with the extracted molecule is the result of human judgement. As Latour and
Woolgar (1979:145) note:

“Difference and identity do not exist per se; rather they depend on the context in which
they are used and on negotiations between investigators. It was thus possible to dismiss
a difference as minor noise or to deem it a major discrepancy.”

During the 7 years in which the biochemical laboratory was researching the molecule TREF,
their published papers were couched in terms of modality indicating that the laboratory
chose to look orn these differences (between ithe synthetic and extracted molecules) as
discrepancies rather than as mmor noise. The research group eventually developed a new
technique whose results, showing that the svnthetic and natural molecules were identical,
were accepted by everyone in the field. After that the existence and structure of the
molecule became established as fact and references to this were no longer modalised

(Latour and Woolgar 1979:147). 1t is acceptance by the scientific community that turns a
knowledge claim into a fact.

However, even after acceptance of a statement as fact by the scientific community, it can
still turn out to be artefact (Latour and Woolgar 1979:176). So, for example, before
Galileo and Kepler and others proved mathematically that the earth and other planets
move around the sun, it was well accepted as a fact by the scientific establishment that the
other planets and the sun move around the earth. This fact was supported by careful
observations and mathematical calculations, and also had predictive value and was used

for navigation. This was a fact that was subsequently found to be an artefact.

Latour and Woolgar (1979:176) note that within discourse a statement stabilises as a fact

when 1t rds itself of place, time, and reference to its producers and the production process
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and beromes incorporated into a Jarge body of knowledge drawn upon by the discourse
community (Latour and Woolgar 1979:106). Independence of time and place indicate that
the fact is universally true, while independence of human agency indicates objectivity in
science. It is because facts are regarded as pre-existing, independent of people, and just
waiting to be revealed, that objectivity implies removal of human agency, and
independence of time and place. However, this must be seen in the context of the broader
western cultural value in which emotion is seen as the polar opposite of reason. We prove
that something is true, valid, credible and thus a fact, partly by representing it as based on

reason, not on emotion. Associated with this is the removal of people from our account.

The following gquotation is from an interview with an eminent South African physicist,

speaking about the purpose of student laboratory work (Parkinson 1995:88):

“We're trying to get them to learn to do the thing in a dispassionate way; in other words not
having a vested interest in the results. Of course everybody's got a vested interest in the
result - but learning how to remove one's personal feelings, the feeling that there's a right
answer from it. That’s a very hard tning to do.”

This goal of experimental objectivity is, this informant tells us, an ideal rather than a
possibility. The attempt at objectivity must also be reflected in the way we write about our
experimental work. So even when we report on research that we personally have done,
human agency is removed. It doesn’t matter who did‘it, what matters is that we inform the

reader what was done so that they can, if they wish, reproduce the research.

Campbell (1975) suggests that impersonality in science is a convention to persuade
readers of the writer’s objectivity and lack of personal involvement and emotion. This is
not to say that objectivity in science is a fiction. Researchers in any field strive for their
research to reflect reality rather than what they would like. This accounts for the careful
accuracy of measurement in science. However Campbell (1975) argues that complete
objectivity is never achievable because this would imply lack of any person behind the
writing, lack of point of view, judgements and selection necessary for the research to be
done. For Campbell (1975:397) the positive ideal of the impersonal scientist questing after
objective truth as well as the negative ideal of the cold unfeeling mechanistic scizntist are
personae of scientific discourse. That is they are not the “real scientist” who is writing but

rather the “created personality put forth in the act of communicating”. So in scientific
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writing the writer must assume the persona of the objective rational scientist. It is the
personae of scientific discourse that claim the achievement of objectivity in the research
described (Campbell 1975:399).

Impersonality removes human agency from the account, making it, Lemke (1990) claims,
more difficult for those not familiar with the discourse (such as school children) to
understand, thus limiting access to the discourse of science. When writers of science
research articles use personal language, they are signalling weakhess In their argument
(Myers 1989) They are indicating that this opinion is limited to themselves, and that they
are unable to make the claim that this is an accepted fact. Scientific discourse removes
human agency because in the western cultural tradition a personal account is less objective
and less credible than an impersonal one. In the discourse of science, because it is centrally
concemed with the establishment of the fact, this value of objectivity and thus of
impersonality becomes very important. How texts achieve an iropression of objectivity is
an important point of distinction between genres in my study. As the reader will see later
1n the thesis, impersonality Is not a universal way of achieving objectivity in writing about
science. My report on popular science discourse in sections 4.3 and 4.4 shows that
popular science does not remove people from the account, and achieves the impression of

objectivity differently from research science.

In this review of the literature concerned with tdeology, I have argued that the authors of
scientific genres such as research articles and textbooks are successfui at communicating
what they do for the very reason that they do participate in the ideological value of
objectivity and its culturai realisation in removal of emotion and the personal. Thus
grammatical features are not either ideological or functional. Instead some grammatical
features are functional because they allow a text to reflect the ideology of the discourse. In
this case an ideological value of western culture, in which personal feelings are regarded as
indicating subjectivity, finds even greater importance in the discourse of science because
facts and the establishment of facts is so important in science. Within the scientific
discourse community, impersonality implies objectivity, which in turn makes it more likely
that claims will be accepted by the scientific community and achieve the status of fact. In
the wider societal context, propositions accepted as fact by the scientific community have
avthority, and powerful individuals and institutions employ the authority of science to

justify policies and decisions. Lemke (1990) argues that it is to the benefit of such policy
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makers that most people do not have an extensive understanding of science, so that the

basis for governmental or industrial decisions cannot be questioned.

2.4 Scientific genres

This study, as ] first indicated in the opening chapter, examines a number of science
genres: research articles, university textbooks, popular science texts, and science books
for children. Most previous work on science genres has been on research articles (e.g.
Bazerman 1988, Myers i989, Butler 1990, Hunston 1994) and textbooks (Myers 1992b,
Love 1991, 1993, Tadros 1989, Wignell, Martin and Eggins 1993, Martin 1993, Veel
1997) with some interest having been shown in popularisations (Myers 1989, Fahnestock
1986, Garcés-Conejos and Sanchez-Macarro, 1988). In what follows 1 review the
literature associated with research articles and textbooks, and in the next section (2.5), 1
review the literature associated with popular science articles. Because the work on
research articles 1s particularly rich, 1 look briefly, first at an important study that examines
rhetorical aspects of the research article, before reviewing studies that shed light on the
linguistic features of the genre. T draw extensively on insights from these studies in the

analysis ] provide of my own data in chapter 4.

2.4.1 Rhetorical aspects of research articles

The research article is an important genre for my study, because it is the genre against
which 1 measure the other genres in the study, in particular, textbooks and popular science
articles. An historical perspective, indicating the common origin of research articles and
popular articles, is therefore useful. In his overview of the development of the research
article, Bazerman (1988) stresses the fluid and dynamic nature of the research article (and
indeed any genre). He indicates (1988:80) how the genre has developed in response to the
need to convince readers who had not been present to observe the expertments reported
on for themselves. Bazerman (1988:77) points out that in the early days of research
articles (i.e. before 1800) experiments were demonstrated to the Royal Society before an
audience. Research articles were therefore closer to news, merely reporting that the
expenment had been demonstrated, and not really needing to persuade the reader -
because witnesses had seen it. Nature was portrayed as speaking for itself. Later Nature
began to be viewed as more opaque, more an issue of contention. Experiments then were

reported in more meticulous detail, and the authors, knowing that their writing could be
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challenged, were careful to persuade the reader with reasoned argument. To do this, the
writer had to establish that he, the only witness of the experiment, was a credible witness
who had followed proper procedures (Bazerman 1988:140) The method had to be

provided in enough detail to convince readers and allow replication.

Bazerman (1988:92) shows how in the only research article Newton published, to
persuade his readers who had not observed his experiments, Newton used the rhetorical
device of representing himself as an ideal experimental scientist who isolates phenomena
and reasons in a planned and orderly way. Newton’s persuasive use of language has been
widely influential Halliday (1993) notes the continuing influence of the grammatical
features of Newton’s writing. In the next section (2.4.2) I therefore review Halliday’s
(1993) analysis of how Newton’s use of language for reporting of experiment, complex
reasoning and persuasion is reflected in the grammatical feature of nominalisation (an

important category in my discussion in chapter 4).

Tracing later developments of the research article, Bazerman (1988:257) uses the example
of articles in psychology, to show how the structure of research articles changes to reflect
the ideology of the discipline. Similarly he shows (1988:278) how the length of the
literature survey and the number of references to the literature depends to a large degree
on how focused the discipline i1s and how much consensus there is in the discipline. He
found (1988:153) that as a discipline develops it becomes increasingly embedded in theory

and knowledge rather than methods or expenimental instruments.

Bazerman (1988:27) notes that in research articles the previous literature, audtence and
author seem to work together towards a common reflection of nature. This is because the
research article sorts out the previous literature according to how well it fits the present
claims. As a way of establishing solidarity with the readers, the readers are assumed to
share the author’s view of the literature and the approach to the object of study. The
author's presence i1s minirnised in favour of the author’s presentation of nature. The claims
made by the research article are represented as filling a defined slot. To achieve this the
author defines a problem or substance, giving it an existence it may not have had before.
For example, as noted above in section 2.3.3, substances and concepts are assumed in

research articles to pre-exist their identification and isolation (Bazerman 1988:28). The
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object of study is taken as a given, and human action is viewed as mere coming to know

an existing object.

2.4.2 Grammatical features of research articles

Complementary to Bazerman’s tracing of the rhetorical developments of research articles,
is Halliday’s (1993) analysis of the historical development of certain grammatical features
of scientific wnting such as nominalisation. Through nominalisation, actions, events and
qualities are construed as nouns, and thus represented as objects (Halliday and Martin
1993:52). Halliday (1993:54fF) shows how nominalisation packages previously explained
complex argument. It allows the efficient progression of complex argument by allowing
previously explained (and thus Given) matenal to be placed mn thematic (and thus
unmarked position) in relation to the New material (as unmarked Rheme), which is also
the new step in the argument. Another important result of nominalisation explicated by
Halliday (1993) is the preponderance in scientific English of relational processes. With
actions and events (process) being construed as nouns (things), less meantng is sited n the
verb, and verbs in scientific writing are often the relatively empty ‘be’ or causal verbs. So,

commonly, science is expressed as ‘x =y’ or ‘x caused y’.

The research article most commonly follows the Introduction-Methods-Results-Discussion
structure as noted by Kourilova (1994), and as prescribed also by the APA Publication
Manual (Bazerman [1988). These sections have quite distinct linguistic features. For
example Hanania and Akhtar (1985) found that active verbs exceeded passives in all
sections except methods. Similarly the present tense exceeds the past in all sections except
methods. Modals were highest in Discussion and lowest in Methods. Tarone, Dwyer,
Gillette and Icke (1998) found that we + active voice marked the authors’ own work or

own procedural choice, while use of the passive marked the work of others or a standard

procedure.

A large body of literature exists on modality in scientific research articles. A number of
corpus studies have looked at the frequency of modal verbs in science texts. Butler (1990)
looked at the frequency of modals in science research articles and textbooks and Hanania
and Akhtar (1985) examined their frequency in Masters theses in science. These studies

confirm that different sections of a science research article are likely to have different
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concentrations of modal verbs. Modality is generally employed by writers to modify or
soften what they say, or to introduce a deliberate element of vagueness. Work on hedging
is useful for my purposes in this study as it throws light on the writers’ opinion of what
they are writing about and their relationship with the reader (Lakoff 1972, Myers 1989,
Dubois 1987, Salager-Meyer 1998, Channell 1990, Powell 1985, Crompton 1997, 1998) .
In Hyland’s formulation (1994, 1996a, 1996b, 1997), writers may hedge to indicate the
extent to which they feel a proposition corresponds to reality, they may hedge their own
responsibility for the proposition itself by attributing it to someone else, or they may hedge
out of politeness to the reader. My findings in chapter 4 indicate that the different genres
tn this study have a preponderance of different sorts of hedge, and this is one of the
features that distinguish the genres in my study.

Another perspective on writers’ opimon of what they are wnting about and their
relationship with the reader is found in a further concept which is central to this study:
evaluation (Hunston 1993, 1994, Thompson and Yiyun 1991). Evaluation includes those
elements of a text that function to express the wrrter’s opinion and reflect the wnter’s
value system, construct and maintain relations between writer and reader, and to organise
discourse (Thompson and Hunston 2000:6). In the term ‘evaluation’ Thompson and
Hunston (2000:3) include expressions of opinion about entities (usually referred to as
modality) and expressions of opinion about propositions (referred to by other researchers
as attitudinal meamng, appraisal, and evaluation). Hunston (2000:176) distinguishes
evaluation relating to the content of what is said about the world and evaluation relating to
the ongoing interaction between reader and writer. Martin’s concept of appraisal
(2000a:142) encompasses cvaluative lexis that includes expressions of emotion (Affect),

moral assessments of behaviour (Judgement) and aesthetic assessments (Appreciation).

In this section (2.4.2) 1 have reviewed some of the grammatical features of science
research articles. Most revealing for my comparison of science writing in four genres (cf.
my first research question in 1.2), which I report on in chapter 4, are the features that

tllurmunate interpersonal meaning, namely modality, hedging and evaluation.
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2.4.3 Textbooks

Textbooks, central to my study (cf. section 4.2), have been the subject of some study
(Myers 1992b, Love 1991, 1993, Tadros 1989) with particular attention being paid to
textbooks at school level within the Australian Systemic Functional tradition (Wignell
Martin and Eggins 1993, Martin 1993). Swales (1995) charactenses textbooks as having a
paucity of hedging, a diminution of human agency, vse of abstract nominalisation as
subjects of processes, a deployment of prevailing metaphors, and the mediation and
marketing of difficult material. In his words (1995:4) introductory textbooks are usually
“conservative encapsulations of prevailing paradigms. Appearance, arrangerent, certitude,
and style ... make them examples of ‘canonizing discourse’. Myers (1992b:8) suggests
that textbook authors arrange currently accepted knowledge into a coherent whole, while
by contrast journal article authors try to make the strongest possible claim for which they
can get agreement. Readers of articles, according to Myers (1992b:13): sort out new
knowledge from old; attribute credit to researchers, assess the certainty of statements;
infer cohesive links between knowledge; and trace the relation to other texts. Readers of
textbooks on the other hand: arrange facts in order, separate facts from researchers, take
most knowledge as accepted, infer knowledge using cohesive links. However Swales
(1995) suggests that the readership that writers of textbooks must take tnto account 1s
more complex than this and that one group of readers that textbook writers address are
the academics who evaluate and prescribe the textbooks. Because of the nature of my
study, which draws on a limited range of texts, (although these are analysed in the great
depth that systemic analysis affords), 1 found no ewvidence in my study of any reader
beyond students.

Veel (1997:161) discusses the roles that school textbooks (as opposed to lab science)
construct for the reader and participants. He notes that school science differs from [ab or
applied science in the genres it emphasises (considering genre from the perspective of the
Australian tradition). In school science explanations and descriptive and taxonomic reports
are the most common genres (Veel 1997:167) compared to lab and applied science where
exposition and discussion are the most common genres (Veel 1997:168). Veel (1997.168)
suggests that this recontextualisation of lab and applied science, to facilitate readers’
learning 1t, makes school science abstract, impersonal and disconnected from the processes

leading to its formation. However, as numerous studies make clear (e.g Latour and
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Woolgar 1979, Knorr-Cetina 1981), the language of research articles is equally abstract,

impersonal and disconnected from the processes leading to its formation.

Veel (1997) maintains that school science texts move through a hierarchy of less privileged
genres (such as procedure) to more privileged genres (such as cause and effect
explanations). In his terms (Veel 1997:182) a knowledge path is constructed for students
from less grammatically complex to more complex scientific language. As they move
along this knowledge path students are exposed to language that- is increasingly lexically
dense, increasingly nominalised, increastngly abstract. There is 2 move from temporal
logical relations (e.g. while, then, after) to consequential logical relations (e.g. so that, if,
because), and from external conjunctions (construing the external world) to internal

conjunctions (construing the organisation of the text). .

One motivation for my study (c¢f. my third research question, see section 1.2) is to test the
extent to which the non-academic genres (popular scierce texts and science books for
children) are in any way a preparation for the academic genres (specifically, the research
article and textbooks). For this reason it is important that I consider here evidence for the
extent to which the writing expected of undergraduate science students approximates the
writing in textbooks and research articles. Braine (1989) collected 61 assignments in ten
science and engineering courses and found that 52 (85%) of the tasks involved a report on
a specified participatory experience. Most of these are lab reports, which Braine (1989:9)
points out require a mixture of activities such as summary paraphrase, description,
comparison and contrast, cause and effect, interpretation and the integration of
mathematical and scientific data into a text. In chapter 5 I argue that most of the
assignments students are expected to produce (lab reports) are “‘proto-research articles”.
These have some of the same functions as research articles: placing the work done in the
context of the literature, providing a full enough account of the method used, convincing
the reader (lecturer) that the work was carefully and accurately performed, explaining the

results with reference to the literature.

As well as having to produce reports on experimental work, the other major literacy event
that science students participate in is examinations. In these, other genres are expected of
students such as descriptive and explanatory essays, as well as short explanations of

phenomena and processes. These, | argue in chapter 5, most closely approximate
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textbooks. Features that examination answers share with textbooks is that they are
summaries of received knowledge, regarded by writer and (ideally) by reader as fact, and
unlikely to be hedged to any marked extent. Martin (1993:167) notes that textbooks are

the main models of written science for school children.

My outline in this section of studies of the research article indicates that research articles
developed both grammatically and rhetoncally in response to the need of writers to
convince readers of their research claims. Halliday’s (1993) analysis of grammatical
features of scientific discourse indicates the suitability of features such as nominalisation
and thematic development for reasoned argument. Bazerman’s (1988) historical survey of
rhetorical development of the genre indicates how it developed to convince readers who
were not present to observe the research that the writer performed the research in an
acceptable way. This section has also considered studies of textbools indicating features
such as intended audience of textbooks, as well as some of the discourse features of
textbooks. Veel (1997) suggests that school textbooks become increasingly grammatically
complex. This ties in well with and usefully informs my analysis of an extremely
grammatically complex textbook extract in section 4.2 (see appendix page 8 for a copy of
the textbook extract that I report on in 4.2).

2.5 News genres

Having dealt in the previous section with scientific genres, [ turn in this section to the two
news genres, the issues report and opinion piece, from which two of my exemplary texts
are drawn (see sections 4.3 and 4.4). ] review also some of the values of news reporting,
before moving on to reviewing studies of the discourse features of popular science
articles. This informs the first and second of my research questions regarding what

distinguishes the genres in my study from each other, and the ideological assumptions of
each genre.

2.5.1 The genres of news reporting

Three popular articles are examined in this study: a text from Scientific American (i.e.

written by a journalist for scientists not active in the discipline) and texts from Time and
the Mail and Guardian (both written by journalists for non-scientists). Copies of these

texts are in the appendix in pages 23, 28 and 35. White (1997) identifies 2 modes within
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the media: hard news reporting, and commentary or opinion. The two major sub-genres of
hard news reporting are the event story and issues report. The first of these is grounded in
a material happening, typically some misadventure. The issues report by contrast is
grounded in a communicative event and describes the “cnticisms, accusations, demands,
warnings, discoveries or announcements of some authorised source such as .. a
professional expert or scientific researcher” (White 1997:102). Popular science reporting
as a result usually falls into the second category — the issues report. The event story
reports on a phenomenon, while the issues report concerns a metaphenomenon: a
phenomenon commented on by someone else. By contrast with hard news, 1o commentary
or opinion the role of the author is to offer subjective interpretations with explicit value

judgements. The Scientific American and Time texts in my study are issues reports, with

projected statements of authorised sources. This is distinguished from the Mai and
Guardian article in my study, which is an opinion piece with frequent interpersonal value

judgements about the competence and motivations of scientists.

2.5.2 The values expressed in news genres

As noted by White (1997:106) and Golding (1997:257) journalistic training manuals stress
that news reporting should be factual, neutral, objective and free of bias (e.g. Hutchison
1986:12). To achieve this the news writer allegedly minimises interpersonal meanings, as
these foreground the writer’s subjective involvement in the text. Such meanings are
confined to quoted comments. This does not mean however that interpersonal meanings
are eliminated. Instead, according to White (1997:109), they are confined to
intensification. This takes the form of lexis (examples fromm my data are ‘seeks’ and
‘scrutinise’ instead of ‘look for’) and compansons (an example quoted by White 15 ‘the
worst losses since 1945%). White (1997:109) notes that because 1ssues reports can rely on
the reported words of others to engage the reader emotionally, they do not need to rely as

heavily on intensification as do event stories.

In terms of subject matter in news reports, Ungerer (1997:311) found that the following
are regarded by journalistic manuals as news values or likely to make something
newsworthy: large numbers, proximity, reference to persons, reference to elite people,
reference to the negative, predictability/unexpectedness, unambiguity, recency, and

continuity of the topic. In my three articles reference to persons was certainly important
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(Time and Scientific American) recency is stressed in all three, unexpectedness is stressed

in the Mail and Guardian article. Reference to associated institutions and mention of Luiz

Alvarez’s Nobel prize could be viewed as reference to elite people.

Focusing specifically on science popularisations, Fahnestock (1986:297) maintains that
their ap;.peal to readers is either what she calls ‘the wonder’ (powers and secrets of Nature
and breakthroughs of scientists) or ‘the application’ (further benefits of the powers of
Nature of the breakthroughs of scientists). These categories do not fit easily with the
hughly popular topic in the popular articles in this study (what caused the extinction of the
dinosaurs). This topic has greater correspondence to White’s (1997:104) identification of
3 categories of subject matter in news reports. aberrant damage, power relations,
normative breach. Elements of two of these categories are identifiable in the popular
science articles in my study: there is the past aberrant damage that occurred during the
impact of a meteorite, as well as the possibility of future aberranmt damage should a
meteorite ever hit earth again. While the texts in my study do not report on any normative
breach, this ijs a common theme in articles for example on genetically modified food,
cloning, pollution, the environment etc. Indirectly, power rejations are also reported on in
science news to the extent that new findings or hypotheses challenge the existing ones,
eliciting responses from those that support the existing hypotheses and theories. The
difference of opinion between scientists is part of what is reported on in all three articles in
my study to a greater or lesser degree. White’s categories therefore have importance for
the second of my three research questions, that concerning the ideological assumptions of

the genres in my study.

White (1997:125) sees the main purpose of news reports (in their focus on these three
categories of aberrant damage, power relations, nonmative breach) as being the
identification of maximal disruption of the status quo. This identification is ideologically
informed, in the sense that it relies on assumptions about what parts of the social order are
most important and must be monitored for signs of damage, and on assumptions about

what forces can potentially damage these important parts of the social order.
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2.5.3 Studies of the discourse features of popular science

With respect to popularisations of science, it is interesting to note that in early scientific
journals, reports on experimental work accounted for only 5-20% of space in the journal
(Bazerman 1988:65). Most of the space in early volumes of the Philosophic Transactions
of the Royal Society was devoted to material that would today be found only in popular

sources: remarkable foetuses, astronomical sightings, and travels to exotic places.

There have been some studies comparing popularisations of science with research articles.
Fahnestock (1986), who examined texts from newsmagazines and newspapers, concluded
that popularisations hedge knowledge claims much less often than do the research articles
from which the information was drawn. Crismore and Farnsworth by contrast (1990:129)
found almost as many hedges in populanisations as in research articles. As will be seen In
Chapier 4, the popularisations I examine that are aimed at a scientific rather than general
audience do not contain fewer hedges than research articles. However my analysis
indicates that what 1s hedged in popularisations is writer responsibility for what is said

rather than either expression or the extent to which what is said coincides with reality.

Myers (1991) found that lexical cohesion was more explicitly marked in popularsations
than in research articles, and that popularisations vary in their grammatical features, with
some popularisations being similar to research articles in some features and others
showing greater similanty with fiction. In his study focusing on politeness strategies in
research articles, Myers (1989) compares these to popularisations by suggesting that
popularisers only have to take account of readers not active in the discipline but who take
an interest in the research (what he calls the exoteric community). By comparison,
research articles need to take account of this audience as well as researchers in the
discipline. However Garcés-Conejos and Sanchez-Macarro  (1998) looked at
popularisations written by the original researchers (i.e. long articles compared to the shon
articles by journalists that [ analyse) and found that these writers still show deference to
the esoteric community (i.e. other researchers in the same field). Garcés-Conejos and
Sanchez-Macarro (1998) found that popularisations of science written by the researchers
themselves take account of the exoteric audience in a number of ways. These include
involving the reader by providing background information (a feature of both the Time and

Scientific American articles in my study), making explicit reference to moral issues;
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making reference to the human side of readers; creating rapport with the readers by asking
rhetorical questions, using colloquial expressions (very marked in my extract for the Mail
and Guardian) and addressing the reader directly (see the Mail and Guardian article). In
other words, this research has been helpful to me in that it suggests a number of features
that illuminate ideological assumptions in popular science and that distinguish popular

science from other genres (cf. my first and second research questions, section 1.2).

With respect to the final of the four genres analysed in this study, science books for
children, 1 found no reference to this genre in my search of the literature. It is possible

therefore that this is a neglected genre.

2.6 Summary

In summary, this chapter outlines literature that has most influenced my conceptualisation
of and analysis that T report on in chapter 4 in this study. As explained <arlier, my analysis
in chapter 4 involves a Systemic Functional analysis at the levels of register, genre and
ideology of texts drawn from four genres of science writing: research article, textbook,
popular science and science books for children. Accordingly, I have given attention to the
concepts of regster (in 2.3.2), genre (in 2.3.1) and ideology (in 2.3.3). To reiterate, a
functional approach tries to explain how language is used, and focuses on meaning. Within
this approach, register represents the ‘context of situation’, and is analysed in terms of the
three metafunctions of field (ideational or content meaning), tenor (interpersonal meaning)
and mode (textual meaning, concerned with how the message i1s organised). Genre, or
Context of Culture, the second level of meaning that 1 consider, has been variously and
usefuliy viewed in terms of the staged nature of genres, and from a rhetorical perspective
in terms of how the writer achieves his/her purpose. Ideology, the third of the levels of
meaning within the functional approach that 1 consider, relies, in my analysis in chapter 4,
on analysis of register. My discussion in section 2.3.3 of this chapter indicates the
usefulness of three variations of meaning of the term: in the literature. These are a neutral
meaning (values), a negative meaning related to maintenance of refations of domination
and a meaning related to the ‘goods’ of status and solidarity which allows analysis of
power relations in texts such as research articles where there is no apparent domination of

one group by another.
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Register, genre and ideology in texts in four science genres (research article, textbook,
popular science, and science for children) are the focus of my analysis in chapter 4.
Section 2.4 therefore 1s concerned with my reading on two of the genres in my study
(research article and textbook), while section 2.5 reviews studies that have influenced my
analysis of popular articles. Section 2.4 indicates that both the rhetorical and grammatical
features of research articles contribute to their ability to convince the reader of knowledge
claims by logical argument and by persuading the reader of the writer’s objectivity and
reliable performance of the research. Textbooks, characterised By Swales (1995:4) as
‘canonising discourse’, function to summarise currently accepted knowledge. They, 1
indicate, construct 4 knowledge path for students of increasingly lexically dense language
and increasingly valued genres. My extracts from university textbooks represent the
culmination of this path in lexically dense information report and discussion genres. Hence
such information forms a very useful background to my own analysis (reported on in
chapter 4). Section 2.5 considers some of the news values that cause a particular area in
science to be the subject of popular articles: White’s (1997) categories of aberrant damage
and power relations and Ungerer’s (1997) categories of unexpectedness and reference to

people, particularly elite people, are useful to my study.

In the next chapter, I turn my attention to a consideration or Systernic Functional
Grammar as a tool for the in-depth and systematic analysis of the discourse features of

texts, and explain how text is analysed using this grammar.
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CHAPTER 3 DATA COLLECTION AND ANALYSIS

3.0 introduction and overview of the chapter
3.1 Data Collection
3.1.1 Research anticles
3.1.2 Textbooks
3.1.3 Popular science ariclies
3.1.4 Science books for children
3.2 Method of analysis:
3.2.1 Context of situation and context of culture
3.2.2 The clause as analylical unit in Systemic Functional Grammar
3.2.3 The Experiential/Ideational Metafunction
3.2.4 The Textual Metafunction
3.2.4.1 Theme and rheme
3.2.4,2 Conjunctive relations in texts
3.2.5 The Interpersonal Metafunction
3.2.5.1 The clause as exchange
3.2.5.2 Modality
3.2.5.3 Hedging
3.2.5.4 Evaluation
3.26 Analysis of lllustrations
3.2.8.1 The Ideational/Experiential Metafunction in illustrations
3.2.6.2 The Interpersonal Metafunction in Illustrations
3.2.6.3 Ths Textual Metafunction in illustrations
3.2.7 Summary of the chapter

3.0 Introduction and overview of the chapter

This investigation of the differences between popular and academic science could have
taken a number of routes. It could for example have involved a broad survey of the
subjects that are selected by popular journals and newspapers as worthy of being
popularised, compared to other scientific topics that are seldom brought to public notice.
Or it could have involved companson over a large body of texts of a particular feature,
such as inclusion of human participants, or use of modality in popular and academic
science writing. In this thesis, though, rather than undertake a broad survey of this sort, I
have chosen to make a close and detailed study of a very limited number of texts,
focussing on one or two texts drawn from each of the four genres in the study. I have
chosen to consider what light the grammar of a limited range of texts can shed on the
ideological assumptions of the genre from which the texts are drawn. Such an approach
enables one access to features not obvious from a surface inspection of the text, and
allows one to gain statistical information conceming the discourse features of short typical

pieces of text.

In what follows I outline the subject of the texts in the study, and describe the extracts

selected, indicating the relationship between each extract and the full text from which it
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was extracted (in section 3.1). I then go on, in section 3.2, to provide a brief description of
the analytical tool that I use in my analysis of the texts in the study: Systemic Functional
Grammar. In this account ] include not only the grammar of texts (cf. sections 3.2.3 -
3.2.5), but also a consideration of the ‘grammar’ of images (in section 3.2.6). Copies of
the texts in the study, together with all illustrations, are included as foldout pages in the
appendix (pages 3, S, 7, 9, 10, 11, 13, 15, 17, 19, 21, 23, 25, 28, 30, 32, 35, 37, 40, 46,
49, and 51 of the appendix), as are copies of each text divided into numbered clauses
(pages 2, 8, 12, 18, 22, 27, 34, 36, 39, 45 and 48 of the appendix).

3.1 Data Collection

This thesis aims to compare popular genres of science with academic genres. The sources
of popular science writing included in the thesis are popular science journals,
newsmagazines and newspapers, and books for children. The academic sources included
are science research articles and textbooks. To keep the ideational meaning of texts
constant, 1 chose a topic that has been popular for the last 20 years both in science books
for children and in popular science journals. This is the question of what caused the
extinction of the dinosaurs at the end of the Cretaceous period 64 million years ago.
Conventional theories have it that dinosaurs died out as a result of slow environmental
changes to which they were unable to adapt. The major theory developed in the last 20
years, however, holds that the Cretaceous-Tertiary extinction was sudden and probably
initiated by collision with an extraterrestrial body such as a meteorite. All texts in this
study reflect this development. Some of the differences between genres in this study are
likely to be the result of the topic (and discipline) chosen Studies such as that by
Bazerman (1988) and work done in Systemic Functional Linguistics (e.g. by Martin 1993)
indicate that there are likely to be peculianties in the discourse features of different
disciplines (e.g. geology as opposed to physics). Similarly, it is likely that the choice of one
topic over another (e.g. dinosaur extinction as opposed to black holes or a cure for HIV

or cancer) will have some influence on the discourse features of the texts.

Because my analysis of texts in chapter 4 is deep rather than wide, it can necessarily be of
a limited number of texts only. As 1 mentioned in chapter 1, I originally collected and

analysed at a superficial level a much larger selection of texts from each of the four genres
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than I eventually analysed. I attempted to select for analysis texts from each genre that

seemed to me typical of the genre. Texts chosen for analysis are the following:

o From ten research articles orniginally collected, an extract from a single research article
was analysed. I report on this analysis in section 4.1.

e From four textbooks onginally collected, extracts from three textbooks were analysed.
1 report on one of these analyses (from a first year textbook) in section 4.2 making
reference to the other two extracts analysed (extracts from a more advanced textbook
and from a textbook for non-science students).

e From about 70 popular journal articles onginally coliected, extracts from three articles
were analysed. 1 report on two of these analyses in chapter 4. Section 4.3 reports on

analysis of an extract from a Popular Science journal, Scientific American, analysed in

section 4.3, making reference to an extract from a further popular article from the

newsmagazine, {ime. Section 4.4 reports on analysis of an extract from a South

African newspaper, the Mail and Guardian.
e From ten science books for children originally selected, extracts from four books were
analysed. Section 4.5 reports on the analysis of one of these books, Prehistoric Life,

and 1 also make reference to the three other books analysed.

I now describe each of the texts analysed. I include in this description the texts on which 1
provide a full report in chapter 4, as well as those to which ] merely cross-refer and make

comparison. A copy of the original of each text appears in the appendix.

3.1.1 Research articles

As I mention in chapter 1, ] originally considered 10 examples of the research article
genre. However, as indicated in chapter 2, the research article is the genre that has had the
most interest shown in it. As a result | analyse an extract from only one research article in

chapter 4. The extract analysed is from the following research article:

* Raup, D.M. and Sepkoski, J. (1984) Periodicity of extinctions in the geologic past
Proceedings of the National Academy of Science 81 pp801-805.

Six paragraphs (916 words) of the article by Raup and Sepkoski (1984) are analysed in
section 4 1, out of the total of 35 paragraphs constituting the whole article. On first
reading the article I became aware that, as expected, different functions were served by

different paragraphs: Abstraci, Introduction/Literature survey, Method, Results,



Data collection and analysis 51

Discussion, Implications/ Conclusion. 1 chose the six paragraphs, because I wanted to
analyse one paragraph of each function, Although the analysis in section 4.1 is not an
attempt to compare discourse features in the different subsections/functions, [ do comment
on differences. The paragraphs chosen are:

o Paragraph 1 (This paragraph is called “Abstract” in the research article, and is analysed
as clause complexes 1-5 in section 4.1)

o Paragraph 2 (This paragraph is unlabelled in the research article, but performs the
function of Introduction. It is analysed as clause complexes 6-12 in secti.on 4.1)

a Paragraphs 27-29 (These paragraphs are called the “Best-Fit Cycle” in the research
article, and constitute the entire Method, Results and Discussion sections for one of
the statistical tests on their data performed by the authors. Sections that perform the
funstion of Method are analysed as clause complexes 15-18 in section 4.1, the Resul!s
are in Jause complexes 13-14, and the Discussion is in clause complexes 19-25).

a Paragraph 34 (This is found under the heading “Implications” in the article, which
attempts to fie the findings of the article (of periodicity in extinction) to the writers’
thesis that periodicity has an extraterrestrial cause. Paragraph 34 is analysed as clause

complexes 26-36 in section 4.1.)

For reasons of economy, a large continuous section of the research article (paragraphs 3 to
26) is omitted from my analysis. This section is similar to paragraphs 27-29, which are
included in my analysis, in that in them the authors report on other statistical tests that
they performed on their data. I chose the article for analysis since I see it as being

representative of discourse in research articles.

3.1.2 Textbooks

Section 4.2 focuses on an extract from a first year geology textbook (which I refer to
throughout by its author’s surname, Duff). It makes reference to and comparison with
analyses (which, however, are not supplied in full) of two other textbooks. The first,
referred to once again by its author’s surname, McGhee, is aimed at advanced geology
students. The second, referred to by its authors’ surnames, Trefil and Hazen, is aimed at
non-science students. This range of texts was selected to get some idea of variation in
tertiary textbooks. I provide information on the relation of the extract to the text as a
whole for each of these three textbooks in tum:
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o Duff, D. (1998). Holmes’ Principles of Physical Geology. U K.. Stanley Thornes Ltd.
Page 8S.

Duff, (540 words), is an extract from the fourth edition of a first year textbook by Holmes,
originally published in 1944. The text analysed is a continuous extract from a chapter on
stratigraphy and fossils. It is the only information in this textbook that deals with the topic
of the cause of the end-Cretaceous mass extinction. As might be expected from a first year
textbook, Duff encompasses a wide range of concepts in geology, taking a shallower look

at these concepts by comparison with McGhee.

¢ McGhee George R (1989) Catastrophes in the history of life. In Allen K.C. and Briggs
D.E.G. Evolution and the Fossil Record 1.ondon: Belhaven Press. 43-47.

The McGhee text (1210 words) is an extract from a textbook aimed at students in years
later than first year. The text analysed is a continuous extract from a chapter on mass
extinction. It provides a deeper and more detailed examination of the material than does
Duft.

o Trefil, J and Hazen RM (1995) The Sciences: An integrated approach. N.Y.. John
Wiley and Sons Inc. p576.

Trefil and Hazen deal with important ideas in all disciplines in science — not only geology
as in Duff and McGhee. The text analysed (560 words) is a continuous extract from a

chapter called ‘Evolution’. It is thus not the case that the entire chapter deals with

geology, and it provides a fess detailed and less complex examination of the topic than
does Duff.

3.1.3 Popular science articles

Section 4.3 focuses on an analysis of an extract from a Scientific American article. I also

make some reference to analysis (not provided in full) of an extract from a Time magazine

article. Section 4.4 focuses on an extract from the Mail and Guardian newspaper.

Section 4.3 analyses an extract from the following article from Scientific American:

e (1985) Falling Star? Scientific Amernican 253(3).
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The entire text of this article is 13 paragraphs long (1500 words). Again, for reasons of
economy, full analysis is provided in section 4.3 of paragraphs 1, 3, 5, 8, 10, and 13 (758
words) only. However a full analysis of all 13 paragraphs is provided for aspects of the
analysis in which continuity of the text is important such as theme, conmjunction, and

evaluation. As expected, the Scientific Amencan article is unlike the research articte Raup

and Sepkoskl in that it does not follow the conventional format of the research article

{Introduction, Methods, Results, Discussion Conclusion). Instead the Scientific Amencan

article represents one of the sub-genres of news reporting, the issues report (see section
2.5). For convenience I therefore chose the 6 paragraphs indicated above, providing a

section of text about as long as the section analysed from Raup and Sepkoski.

As 1 explained earlier, comparison is made with a 1675-word extract from the following
article from Time magazine. This article is also an example of the issues report genre, and
thus for reasons of economy, full analysis is not provided of the Time amicle:

e Angier N. (1985) Did comets kill the dinosaurs? Time May 6 1985

Section 4.4 analyses an extract from an article from the Mail and Guardian:

e Matthews, Robert (1999) Why dinosaurs won’t go away Mail and Guardian
November 5to 1] 1999 p23.

The extract analysed includes five paragraphs (327 words) from a 27-paragraph article. 1
chose the five paragraphs because they were the part of the anicle that dealt with what
caused the extinction of the dinosaurs. The rest of the article 1s a general discussion of the
populanty of dinosaurs in the popular imagination, and is not included in the analysis.
Thus, unlike most of the other texts in the study, the extinction of the dinosaurs is not the
central toptc of this article, merely the topic of a small section. Unlike the articles from

Scientific American and Time magazine, the Mail and Guardian article is an example of the

opinion piece genre, discussed in section 2.5. This difference accounts for the very

different interpersonal relations in the Mail and Guardian article compared with the other

two popular articles.

3.1.4 Science books for children

Section 4.5 provides an analysis of a single double-page ‘chapter’ of a book on dinosaurs
for children, called Prehistoric Life. Four texts were originally analysed:

e Benton, Mike (1990) A/ Abour Dinosaurs Kingfisher: London. P42-43.
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e DK Direct Limited (ed.) (1993) The Dorling Kindersley Picturepedia: Dinosaurs
Dorling Kindersley: London 46-47

o Johnson, Jinny (1996) Prehistoric Life London: Marshall Publishing Ltd. P22-23
Taylor, David. (1993) The Prehistoric World of the Dinosanrs: Tyrannosaurus Rex
Boxtree: London pp 26-29

I judged two of these four to be slightly unusual in the following ways. Firstly, DK
Picturepedia is unusual in that its structure is not linear, Rather the matenal is structured
as blocks of information under different subheadings and associated with different
illustrations, the order the reader chbooses to read the information in is not important.
Secondly, the fourth of the above texts, 7yrannosaurus Rex, | judged to be unusual in that
the information is first of all rehearsed as a narrative, which in my experience 1s unusual in
a child’s science book, before being presented as an information report. The first text
above, All About Dinosaurs, is very short, and therefore the third of the above texts,
Prehisioric Life, 1 selected as exemplary of the genre. I make comparison with the other
three texts in section 4.5. As with the other three texts for children, the extract from
Prehistoric Life forms a double page ‘chapter’ in the book, distinct from other such
‘chapters’ on topics such as different major groups of dinosaurs or dinosaur eating habits.

In each of the books the topic of how the dinosaurs became extinct forms one such topic.

3.2 Method of analysis

Since I am interested wn distinguishing popular from academic genres of science, and also
in discovering the ideological assumptions of the different genres I study, 1 need a
comprehensive and systematic means of analysing discourse that enables explanation of
the meaning of texts in terms of their grammatical features. Systemic Functional Grammar
is a useful tool in such an analysis as its primary focus is on meaning and on the choices
writers/speakers make in communicating their message. This focus on meaning is
important for my purposes, because it allows analysis not only of grammatical differences,
but also of ideological differences. In addition systemic analysis enables a consideration
not only of what choices the writer/speaker made, but also of what choices they chose not
to make. The choices available to a writer/speaker operate at a range of levels. These
include phonology (omitted from this study as all texts are written), register (including
what is said, the relationship berween the interactants and how the message is organised),
and genre (whether the writer chooses some culturally-specific text type as a vehicle for

the intended communication). Another essential feature of Systemic Functional Linguistics
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is its focus on the text rather than the sentence as the basic unit for analysis. This is
valuable to me because of my focus on the ideological assumptions of the texts in my

study.

In chapter 2 I discussed Systemic Functional Grammar from a theoretical perspective; in
sections 3.2.1 - 3.2.6 1 provide an overview of Systemic Functional Grammar from a
methodological perspective, indicating the major categones [ use in my analysis. For
reasons of space this overview is necessarlly abbreviated and simplified, and gives
prominence to features of the grammar that T found to be most useful in distinguishing the
genres analysed in chapter 4. The examples used in the overview come, with few

exceptions, from my data.

3.2.1 Contexi of situation and context of culture

As noted in section 2.3, Systemic Functional Grammar situates meaning within the context
of culture (genre) and within the context of situation (register). The texts in this study are
realised as particular genres. The culture of a particular university department would be
associated with a range of genres (such as the common room chat, the seminar
presentation of research to colleagues, the lecture etc.), but not with certain other genres
(for example poetry, legal genres, or sales pitches would be uncommon). I have examined
the notion of genre in section 2.3.1, and the focus of the rest of this chapter will therefore

be a description of the grammar at the level of context of situation.

By way of clarification, the context of situation refers to three situational variables
(Christie and Unsworth 2000:4): what the topic is (Field), who the interactants are and
what their social roles are (Tenor), and how the interactants choose to organise the text
(Mode). What 1s appropriate discourse between lecturer and students, e.g. lecturing, or
written knowledge-testing questions set by the lecturer for the students, would not be
appropriate between colleagues in the common room. In systemic grammar these
situational differences are reflected in three different components of meaning in language,
or metafunctions. These are:

o Ideational/Experiential meaning. (This has to do with experience of the physical

world/reality. For example, what is a particular lecture about?).
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o Interpersonal meaning (This has to do with enacting social reality (Christie and
Unsworth 2000:6), with interaction between people, and with attitudes and
judgements. For example, who is allowed to speak during the lecture?).

e Textual meaning (This has to do with how a message is organised, and with how the
message fits in with other messages in the context in which it 1s being spoken or
written. For example, how does the lecturer signal to listeners where he/she is in the
lecture? How does a lecture fit in with previous lectures, with the texts the lecturer has
consulted in prepanng the lecture, and with less formal consultation between lecturer

and student during lab sessions?)

Every clause reflects all three of these structures simultaneously. As the clause is the
fundamental analytical unit in Systemic Functional Grammar (SFG), I will start by
considering what constitutes a clause, before examining the above three metafunctions in

greater depth

3.2.2 The clause as analytical unit in Systemic Functional Grammar
Minimally, a clause has a verbal group, which may be finite (i.e. it shows tense) or non-
finite (Thompson 1996:16). Generally clauses also have one or two nominal groups, and

they may have prepositional phrases:

l. Stop writing!
Finite verbal group
process
2a  The impact of the larger comets  spews enough debris  into the atmosphere
Nominal group Finite verbal group | Nomunal group | Prepositional phrase
Participant Process Participant Circumstance
2b to block the sun for months
Non-finite verbal group | Nominal group | Prepositional phrase
Process | Participant Circumstance

These prepositional phrases and nominal and verbal groups are at the same rank
(Thompson 1996:22). This implies that prepositional phrases are at the same level or rank
in the grammar as nominal or verbal groups. Both prepositional phrases and nominal

groups may be expanded by the inclusion of nominal groups (same rank, enclosed in single
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square brackets below) or clauses (higher rank, enclosed in double square brackets

below):

3 The results [of a test of the extinction record]  are illustrated in Fig.4.
[ Nominal group with embedded nominal group | Verbal group | Prepositional phrase |

4 Hoffman’s arguments  do not rule out  the possibility [{that extraterrestrial
[ Nomunal group | Verbal group | Nominal group with embedded clause |

4 influences have shaped the history of life]]
cont. | Nominal group with embedded clause continued |

These embedded clauses are regarded as part of the nominal group or prepositional phrase
in which they are included, and are thus viewed as non-ranking clauses. Their processes
and participants are thus not included in the analysis in their own right but only as part of
the group in which they are included. Embedded clauses are a striking feature of all texts

considered in this study except those for children.

3.2.3 The Experiential/ldeational metafunction

The experiential metafunction reflects meaning in the sense of content rather than in the
sense of writer’s purpose. It concerns the way in which the clause represents patterns of
experience (Halliday 1994:106). Through experiential meaning the writer describes events
and things in the external world, as well as the internal world of thoughts, beliefs and
feelings (Thompson, 1996:76). From the experiential perspective, the clause as a whole i1s
called a process, but more narrowly, the term process refers to the verbal group (Bloor
and Bloor 1995:110). Nomunal groups are referred to as participants, and prepositional

groups as circumstances.

rocesses are of three main types: material processes (happening and doing in the real
outer world), mental processes (thinking and feeling in our consciousness and imagination)
and relational processes (classifying and identifying). There are three further types on the
borders of these three main types. These are, firstly, those with features of both material
and mental processes, the Behavioural processes (the acting out of consciousness),
secondly, there are processes intermediate between mental and relational processes, the

verbal processes (saying and meaning); and thirdly, there are those between relational and
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material processes, the exastential processes (existing). Following Halliday (1994) these six
types of process are illustrated in the figure below. Each of the six types of process has
specific partictpants associated with it. The nominal groups associated with each process
are called participants. Any prepositional groups included in the clause are called

circumstances.

Each type of process is associated with distinct participants (realised as nominal groups)
and with certain types of circumstance (realised as prepositional groups). I consider each

process and its participants, in turmn, befow.

Six different types of processes

Material Processes

Material processes usually deal with and represent happenings in the physical world. The

participants associated with material processes are the Actor and the Goal.

5 A huge asteroid  crashed  into the Earth at the end of the Cretaceous Period.
actor Materal | goal Circumstance: time
process

Sometimes there is no goal. This is referred to as the “middle voice” (one participant)
(Gerot and Wignell 1094:57):

6 The world’s climate _could have cooled over millions of years
[ Actor | Material process | Circumstance: time |
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For passive processes:

7 The rock on the Earth’s surface 1s formed in layers.
| goal | Material process | Circumstance: manner |

Thus matenial processes mininally have a verbal group and a participant, which may be

either actor or goal. 1 now consider the second main rype of process, the mental process.

Mental Processes
Mental processes give us an insight into what the human participants are thinking. The

participants associated with mental processes are the Sensor and the Phenomenon.

8 We favour extraterrestnal causes.
| sensor | Mental process: affection | phenomenon |

Mental processes can be of three types: affection (e.g. ‘we favour extrateyrestiial causes’),

perception (e.g. “We could hear it coming’) or cognition (e.g. ‘Scientists think’).

Mental processes of cognition are unusual in that they can project the idea that is being

thought. This idea is projected as a clause in its own right.

9a Scientists now think
‘ sensor | circumstance: time | mental: cognition ‘

9b  anasteroid hit Earth  at the end of the Cretaceous period
| actor | Material process | goal | circumstance: location: time

Impersonal projections are not regarded by Halliday (1994:27 1) as real projections but as

a way of turning a proposition into a fact. They are therefore not analysed as separate

clauses in their own right:

10 It seemed that extinctions and impact should be random in time
| phenomenon | mental: cognition | phenomenon: fact W

Facts are embedded projections where there is no sensor (or sayer) present (Thompson
1996:209). They are construed as having already been established, even though they may
not necessarily have been thought (or said). As in clause 10 above, a fact (in this case ‘that
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extinctions and impact should be random in time’) functions as a participant: the
phenomenon, while ‘It’ is not really a functioning participant in the clause but just a
placeholder for the fact. In the next section I consider the third main type of processes,

refational processes.

Relational Processes

Relational processes set up relationships between two concepts, commonly a relationship
of equality. They are of two types. They either assign an attribute to sornething (attributive
process) or they assign an identity to something (identifying process). They are used in
classification and are thus very common in science texts. Most relational processes are

realised in the verb ‘to be’.

11 If  the Lazarus effect is strong for a particular event,
Carmer | Attributive | attribute | Circumstance: contingency:
process condition

Except in literary or in other unusual cases (see clause 12 below) for emphasis, attributive

processes are 1ot reversible.

12 Less certain is the role [[that other factors played in these events]]
attribute Attrbutive | Carrier (with embedded clause)
process

Identifying clauses, by contrast, are reversible. Clauses 13 and 14 below demonstrate this
reversibility. The previous clause is included in this example to make it clear that

‘meteorite impact’ is Given in clauses 13 and 14 while ‘the Yucatan area of Mexico’ is

New:
The huge impact of a meteorite would have caused earthquakes and tidal waves.
13 The Yucatan area of Mexico may have been the site of the meteorite impact.
Identifier/Token Identifying Identified/Value
process

14 The site of the meteorite impact may have been the Yucatan area of Mexico
Identified/Value Identifying | Identifier/Token
. process |
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The ldentified is distinguished from the Identifier in that the ldentified 1s Given
information while the Identifier is New. Thompson (1996:92) says that “the form which is
already ‘on the table’ fills the role of identified while the newly introduced form fills that
of identifier””. Token is distinguished from Value in that the more general category is called
the Value, while the specific embodiment 1s called the Token (Thompson 1996:90). When
the clause is in the active voice the subject is also the token (Halliday 1994:124). In the
above example, clause 13 is o the active voice while clause 14 is in the passive. Because
the issue of active or passive voice is difficult to decide with the verb ‘to be’, the verb

‘constitute’ in brackets is substituted in this case:

The Yucatan area of Mexico may have been (may have constituted) the site of the
meleorite impact. (Active voice),

The site of the meteorite impact may have been (may have been constituted by)
the Yucatdan area of Mexico (Passive voice).

An analysis of Value and Token is useful because it reveals what values the writer uses to

measure the tokens that the text deals with (Thompson 1996:91).

15 The fossil recosd shows that not all extinctions are “normal.”
| Identified/ Token | Identifying process | Identifier/ Value |

16  That not all extincrions are “‘normal” 15 shown tn the fossil record
\ Identifier/ Value | Identifying process ' Identified/ Token [

Facts (embedded ‘projections’) in relational processes function as participants and are not
projected by the process (Halliday 1994:271).

17  Like other samples of rock from that era, it showed
| circumstance: matter: comparison | 1dentified Token | identifying |
17 that the creatures alive during the late Cretaceous period had, by geological

cont. _time scales, suddenly disappeared.
| Xdentifier (embedded clause) |

Most identifying processes are realised in the verb ‘to be’. Another farly common
identifying process is realised in verbs signalling cause (e.g. Such a global dust cloud
would result in the total blockage of sunlight) or proof (e.g. The fossil record shows that
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not all extinctions are normal). Because science texts describe, classify and explain,
relational processes form a large proportion of processes in science texts, making them of

particular interest in this study.

Behavioural Processes
Behavioural processes can be physiological processes (like smile) or near mental processes

(like worry, listen or look). There are very few of them in the data in this study.

18 Richard Muller, like a seer divining entrails, scrutinises the new batch of
video recordings.

Behaver Circumstance: manner ' Behavioural | Matter
process

Verbal processes
Like mental processes, verbal processes give us an insight into the minds of the human
participants. They also assign tesponsibility for what is said. Like cognitive mental

processes, verbal processes project the words that are said.

19 a2 Raup and Sepkoski  suggested

| Sayer | Verbal process |
19b  that the periodicity reflects a recurrent event
| | identified | Identifying process | identifier |

As explained in the discussion of mental processes, the exception to this is impersonal
projections such as the one below, which are not really projections but a way of tuming a
fact into a clause (Halliday 1994:271):

20 It is maintained that the Earth was hit by an extra-terrestrial body
| verbiage | Verbal process | verbiage

Existential Processes
Existential processes indicate that something exists or happens (Haliiday 1994:142). They
usually start with ‘There’ (which has no representational function but is just a dummy

subject), and use the verb ‘to be’. They are not common in the texts in this study.
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21  There are high levels of indium  in the rock [[that contains
the last dinosaur fossils.]]
| | Existential Process | existent: entity | circumstantial: place |
Circumstances

Halliday (1994:158) notes that some circumstances can be viewed as minor processes (e.g.
the delay was because of a strike ~ was caused by a strike). Often they function as
participants (Halliday 1994:159). An example is ‘He seat a message fo him’, where ‘him’
is the goal 1ather than a circumstance. There are nine different circumstantial functions:
location (time or place), extent (distance or duration), maoner, cause, contingency,
accompaniment, role, matter, and angle. Most circumstances in the texts in this study are
circumstances of location (time and place) and extent (duration), reflecting the concern of
the texts to show when mass extinctions have happened in the history of the Earth, and
how long they lasted.

22 Sixty-six million years ago, the dinosaurs  died out.

| Circumstance: location: zime | Actor | Material process |
23 Possible evidence  has been found in Central America  in Yucatan.

Goal Matenal process | Circumstance: Circumstance:

location: place location. place

24 Duversity losses are spread over hundreds of thousands 10 millions of years.

| Range | Material process | Circumstance: extent: duration |
25 Slowly the air  grew colder

| circumstance: manner | carrier | attributive | attribute |

26  The dinosaurs died because of the radiation coming from outer space
| actor | material | circumstance: reason: cause |
27 _In some cases, as with ocean plankion, this number climbed as high as 98%.

| circumstance: contingency: condition | carrier | attriputive | attribute |
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28  Lifeon Earth didnotend  with the death of the dinosaurs.
| actor | material | circumstance: accompaniment |

29 The impetus came in the form of an analysis of stratigraphic data on fossil
marine animals

| actor | material | circumstance: role: guise |
30 Walter Alvarez  was seeking  clues {o continental drift.
| Actor | naterial | goal | circumstance: matter |
31 Gubbic is an appealing site  to geologists and palacontologists
| Carrier | attributive | atiribute | circumstance: angle |

An examination of the experiential/ideational metafunction is called a transitivity analysis.
It is useful because the processes that the writer/speaker uses to represent the world give
us an insight into how the writer/speaker views the world. For example the text by Duff in
my study uses material processes (usually used to realise meanings in the physical world)
1o talk about concepts (which would usually be realised by relational processes). The same
topic is dealt with in other texts mainly in terms of the real physical world. So it is clear
that Duff views even the physical world as existing partly in the realm of ideas. Such
construa; of meaning through grammatical resources other than those that we would

expect to be used is known in Systemic Grammar as grammatical metaphor.

Grammatical Metaphor

Grammatical metaphor occurs when meanings are not realised through the grammatical
resources through whick we would expect them to be realised. Halliday (1994) refers to
these expected ways of realising meaning as ‘congruent’ realisations. People, places and
things are congruently expressed as nouns (rather than epithets or processes). Actions are
congruently expressed as verbs (rather than things or epithets). Logical relations of time
and consequence are congruently expressed as conjunctions (rather than phrasal processes
- such as due to, or processes or things) and quality is realised as epithets (rather than
adjunct, thing or process) (Martin 1993:239). A very common form of grammatical
metaphor in sctentific texts is nominalisation, in which a process or quality is expressed as
a thing. Nominalisation can serve to avoid the fact that some agent is involved. For

example in the following clause who has attended to the boundary?
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32 Mouch attention has been paid 1o the Cretaceous/Tertiary (K/T) boundary.
Grammatical metaphor enables reasoning within rather than between clauses:

33  Examination of clays  has shown some chemical and mineralogical peculiarities.

Identified token Identifying | Identifier value
process

The more congruent realisation of this clause would involve more than one clause:

When people examined the clays, // they noticed that the chemicals and minerals in the
clays were peculiar.
Or:

When the clays were examined, // it was noticed that the chemicals and minerals in the
clays were peculiar.

In scientific writing nominalisation altows the development of technical terms by allowing
processes to be placed in relation to each other as token and value (Martin 1993:227). In
the following example we see how an attribute (extinct) becomes a thing (extinction).
Then a token (the one in which the dinosaurs perished) can be given a value (the best

known of these mass extinctions).

34 Rare catastrophic events in the past have caused large numbers of species to become

extinct suddenly. These events are cailed mass extinctions. The best known of these

epithet | Nominal group | Value

mass extinctions is  the one in which the dinosaurs perished some 65 million years ago.

Vahee | Token

Halliday (1987:78) points out that nominalisation backgrounds information. He compares
‘technology has improved’ (this is the message) with ‘improvements in technology’ (the wnter
has backgrounded the improvements and expects the reader to take them for granted. The

message 1s in what follows this nominalisation).

This section (3.2.3) has examined ideational meaning in clauses by looking at participants
in the clause and the six different kinds of process (material, mental, relational,
behavioural, verbal and existential) associated with them. It has also looked at the different

kinds of circumstances found in clauses. The section has in addition given some attention
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to grammatical metaphor, the phenomenon in which meaning is realised grammatically in

ways other than expected.

3.2.4 The Textual metafunction

The third component of meaning in language, the Textual metafunction, s concerned with
how the different parts of the message fit into the entire text or conversation (Thompson
1996:117). Writers and speakers signal to their readers or listeners how what is being said
at the moment fits in with what has been said before or what is to come. Writers and
speakers have a number of resources for doing this. Those most prominent in my analysis
in chapter 4 are: what is regarded as Thematic information and its patterning from clause
to clause, and Conjunctive relations between clauses. This section (i.e. 3.2.5) will consider

each of these in turn.

3.2.4.1 Theme and rheme

Every clause consists of two parts: the Theme, which Halliday (1994:36) charactenses as
the “element which serves as point of departure for the message”, and the rest of the
clause, called the Rheme. In English the function of Theme is realised by first position in

[

the clause. Theme “orients the lstener/reader to the message” (Fries 1995:318) and
provides a framework for its interpretation. The rheme is “the unmarked location of New
information” (Fries 1995:335). It is where we find newsworthy information to which we

should pay attention.

35 The Yucatan area of Mexico may have been the site of the meteonite impact.
| therne | rheme \

Because the tneme is the starting point of the message, in choosing to make ‘the Yucatan
area of Mexico’ thematic, the writer or speaker is saying ‘I'll tell you about the Yucatan

area of Mexico’ (Halliday 1994:38). Had the order been turned around:

36  The site of the meteorite impact may have been the Yucatan area of Mexico.
\ theme rrheme |

The writer or speaker would be saying ‘I’ll tell you about the site of the meteorite impact’.

Most commonly the theme is the subject of the sentence, so this is regarded as the

unmarked form in English. A marked form is the less expected form and usually serves as
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a signal to the reader/listener to notice the marked feature in some way. For example it can
signal a change in the framework for interpretation of the text. A theme that coincides
with Actor/Sayer/Sensor (see section 3.2.3 above) is the more usual and thus unmarked
form. Different cases will be more or less marked. Cases where the Goal/Verbiage/

/Phenomenon are in thematic position (accompanied by passive verbs) are slightly marked.
Such cases can function to foreground the Goal/Verbiage/Phenomenon (signalling that

what the writer is telling us about is the goal, not the actor).

37 The case for mass extinctions by catastrophe has been developed by the American
writer S.J. Gould.

Slightly marked theme rheme

goal

Alternatively, placing Goal/Verbiage/Phenomenon in thematic position can function to
leave out the Actor/Sayer/Sensor completely (signalling that who performed the action 1s
irrelevant, or perhaps that the writer wants to conceal who did the action). Passive verbs
are fairly common in scientific writing, which accounts for my assessment of them as only

slightly marked:

38  Animpressive body of evidence  has been amassed.
Slightly marked theme rheme
goal

A more marked construction is the positioning of a circumstantial element in thematic

position.

39 At the end of the age of the dinosaurs,  an asteroid streaked out of space.
Marked theme Rheme
Circumstance: time

Many of the texts in this study are structured by means of circumstances of time or place
in marked thematic position. Thompson (1996:141) notes that choice of circumstance as
marked theme often functions to specify or change the framework of the interpretation of
the following clause. Another marked theme that fulfils this function is the ‘heavy’

(unusually long) Subject theme (Thompson 1996:141) which is quite common in the texts
in this study: |
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40  The progressive loss of sampling area ([produced by regressing seas}],
[[combined with the erosion and destruction of previously deposited strata,]]

‘heavy’ theme

Subject

Actor

40 cont. can smear last appearances of species backwards in time.
| rheme |

So far all the examples have been limited to experiential or topical themes. Besides

experiential elements, the theme may also contain interpersonal and textual elements.

Interpersonal themes may be modal adjuncts, finites or Wh-interrogatives (Gerot and

Wignell 1993:113).

41  Curously, none of these multiple horizons appears to correspond
known extinction horizons.

to

Interpersonal theme | Topical theme rheme

Modal adjunct

42 Why didn’t the dinosaurs get usegd to the cold?

Interpersonal theme | Topical theme | rheme

Wh-interrogative

Textual themes may be conjunctions (like ‘and” or ‘but’), which usually function to

connect the clause to a previous part of the clause complex. Or they may be comjunctive

adjuncts (like ‘On the other hand), which join the clause to text outside the clause complex

(Gerot and Wignell 1993:113). The initial position is not the obligatory positioning of

conjunctive adjuncts, and this choice thus serves as a marked choice.

43 a2 But dinosaurs faid a lot of eggs.
| Textual theme | Topical theme | rheme |

43b and their eggs were big.
| Textual theme | Topical theme | rheme |

44 On the other hand, iridium-enrichment horizons  have been discovered.

| Textual theme | Topical theme | rheme |
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A dependant clause (B clause) that comes first is the theme for the whole clause complex
(Gerot and Wignell 1994:109). This is also a marked choice of theme, and may serve to

specify or change the framework for the interpretation of what follows.

45 a Although the causes [of the periodicity] are unknown
B clause as theme'
Textual theme® | Topical theme® | Rheme?
45b 1t is possible [[that they are related to extraterrestrial forces.]]

Rheme'
Topical theme® \ Rheme’

Other marked tnemes that function to specify or change the framework for the
interpretation of what follows are predicated themes (Thompson 1996:141) and

thematised comment. Both of these are rare in the texts tn this study.

46 It is a wonder that [[anything survived at all.]]
| Predicated theme | rheme

47 Tt is entirely reasonable to propose that such an event has taken place in the past
| Thematised comment | rheme |

Danes (1974) found a number of types of thematic progression:
1 Linear thematic progression
T] —> RI

{
T.(=R)) = R,

T3 (=R2) = Rs
This thematic pattern signals progression of what the text is about (Thompson 1996.141).

2. Theme iteration

T, - R,
2
T, - R,
J

T] - R]
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This thematic pattern signals maintenance of what the text is about (Thompson 1996:141).

3. Progression with derived themes
[T]

R

T, - Ry
T] - R]
T, - R,

According to Thompson (1996:142) changing from one type of theme to another in three
successive clauses may be used to signal the boundaries of sections of the text. Writers
and speakers may also signal what they consider to be important by repeatedly choosing

the same element as theme.

In summary, this section has outlined how thematic development is used by
writers/speakers to signal to readers/listeners how what they are saying is linked to what
has already been said or will stll be said. Marked themes are used by wrters to signal a
change in the framework for the interpretation of what follows, or to signal a boundary

between one section of the text and another.

3.2.4.2 Conjunctive relations in texts

Conjunction is a second way that is important to my analysis in chapter 4 by which writers
signal to rcaders where they are in the text. Through conjunction writers and speakers
refate clauses in terms of temporal sequence, consequence (cause and effect), comparison
and addition (Martin 1983:1). These relations may be explicit (a conjunction is used) or
implicit (a conjunctive relationship is implied). Conjunctions may connect clauses
externally (relations between events in the real world (Gerot 1995.100)) or internally
(rhetorical relations within the text itself (Martin 1993: 233)). Most conjunctions can be
used in both vsays (Martin 1983:2). Halliday (1994:327) advises caution in the assignment
of implicit conjunctions in interpreting a text, pointing out that the presence or absence of

explicit conjunction is an important variable between texts. Analysis should consider what
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Principal conjunctive relations (van Leeuwen 1991:81, Halliday 1994:324)

>|:Expositor_v/e:cplam;m’on (that is)

presenting

Example (for example)

Verifactive (in fact, actually)

I: distilling

— expanding —»

| qualifving =

> Summative (in short)
Corrective (at leasl. or rather)
L Panticulanzing (specifically)

Positive (and)
— Addition —— ¥ Adversative (bul, vet, however)
Negative (nor)

- Alternative (or)
| Replacive (instead)

Succession (then. next)

— temiporal —————» Simultaneity (meanwhile. here)
Preceding event (previously)

— Conclusive event (finally)

[ Comparison > |: Positive (similarly)
Negative (by contrast)

— Result {in consequence)
- causal ———p |— Reason (on account of that)
| Purpose (for that purpose)

— Positive {in that case)
— conditional —® [—— Negalive (otherwisc)
- — Concessive (nevertheless)

is being left unaccounted for by the text. For example, if we find few or no external

conjunctions in a text and thus no explicit causal temporal or comparative relations, it may

be that these are being realised within clauses (as grammatical metaphor) rather than

between clauses (Martin 1993:235). In my analysis [ therefore consider only explicit use of

conjunction. The principal types of conjunctive relation are displayed in Table 3.3 above.

This section on the Textual metafunction has indicated how writers signal to their readers

how different parts of a text are related to each other through the resources of theme and

conjunctive relations. Theme is the starting point for the message, signalling to the reader

what the message of the clause is about. Thematic development indicates to the reader

how the message 1s developing: whether the writer is keeping to the same topic and thus

maintaining the theme, or whether the writer 1s selecting the theme from the previous
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rheme and thus putting forward a progressing argument. Conjunctions relate clauses to

other clauses in terms of cause, time, comparison etc.

3.2.5 The Interpersonal metafunction

This section considers the second of the three components of meaning in language, the
Interpersonal metafunction. The interpersonal metafunction is usually discussed In terms
of communication as an exchange, either of goods or information. This exchange is
realised in clauses of different types: statement, command, question and offer. In what
follows, 1 briefly outline this distinction. However, the clauses 1n my study are almost
exclusively statements (‘offers’ of information rather than goods), and in my exploration
of interpersonal meaning in the texts in the study I rely on a number of other features.

These include status, contact, affect, modality, hedging, and evaluation.

These features allow an examination of the ways that social relations are realised, the roles
that the writer or speaker rakes on and constructs for the reader or listener, and what
people think about the people they are writing/speaking to and the things, events or ideas
they are writing/expressing. A coosideration of sfatus allows a comparison of the relative
status of the speaker/wnter and listener/reader (Gerot 1995:104). Status can range from
equal to unequal/ hierarchical. Contact refers to how familiar the speaker/wnter and
listener/reader are with one another, and what degree of solidarity is shown between them.
Affect refers to whether the speaker/writer and listener/reader like or dislike each other
and what is being discussed. Affect is realised in attitudinal lexis such as qualitative
attributes, interpersonal epithets, verbal/mental affective processes, and formal/colloquial
language. Another means by which interpersonal meaning is communicated is through
modaliry. This refers to how certain the speaker/wnter is of the truth of what s/he is
saying. Next, hedging refers to the ways that writers use modality and other resources
(such as attributions such as ‘they suggested that...” or approximators such as ‘about 50
km/hour’). Wniters/speakers hedge what they say not only to signal how centain they are
of what they are saying, but also 10 shield themselves from responsibility for what is said
and to show deference to the reader. Through evaluation writers/speakers indicate where
they think an entity, event or concept falls on a variety of scales, such as good/bad.
Modality, hedging, and evalvation in particular are key features in my analysis of

Interpersonal meaning in this study, and I consider them at greater length below. However,
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first 1 outline the notion of the clause as exchange and the role of the mood element

(subject and finite) in realising this.

3.2.5.1 The clause as exchange

The interpersonal metafunction reflects communication as an exchange, either of goods
and services, or of information. The wrniter/speaker can offer goods and services (‘offer’)
or information (“statement’). Alternatively the speaker can demand goods and services
(‘command’) or information (‘question’). The texts ip this study consist overwhelmingly

of statements, expressed by declarative clauses:

48  The rock on the Earth’s surface is formed in layers.
subject | finite
Mood element

There are also a limited number of questions, expressed by interrogative clauses:

49  Did caterpillars eat all the vegetation?
finite | subject
Mood element

In only two cases are there commands, expressed by imperative clauses, and there are no

offers.

50 Tt should be noted that the composite curve in Fig 4 rises to a peak.
subject | Finite
Mood element

The mood element, consisting of the subject and the finite, is important in considering the
interpersonal metafunction. The subject is important because it “expresses the entity that
the speaker wants to make responsible for the validity of the proposition being advanced
in the clause” (Thompson 1996°45). The finite on the other hand is important according to
Thompson (1996:45), because it indicates tense (for what time relative to the time of
speaking was the proposition valid?), polarity (is the proposition positive or negative?)
and modality (how valid is the proposition?) So it is the finite that makes the validity of
the proposition negotiable.
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The finite expresses tense:

51 Asteroids are Jumps of rock in orbit round the sun.
subject | finite
Mood element

52 The dinosaurs’ eggs  were  big.
subject | finite
Mood element

53  Thesereptiles had been dying out for some time duning the Cretaceous.
subject | finite
Mood element

The finite expresses negative and positive polanity. Thompson (1996:56) notes that

positive polarity is the unmarked form, with the negative having a ‘not’ added:

54 Crocodiles, frogs, birds and mammals did not die out.
| subject | finite |

3.2.5.2 Modality
Very revealing of interpersonal meaning in this study is the category of modality, realised

in the finite tn modal verbs:

SS  This change of climate  may have taken thousands or millions of years.
| Subject | Modal finite |

Modal finites include the following (Halliday 1994:76):

Low modality Median modality High modality

can, may, could, might I would, should | must, ought to, need, has to, hadto |

Polanty is the choice between yes and no, while modality is the intermediate stages
between yes and no. (Halliday 1994). When we consider exchange of information as in
statements and questions, we find two kinds of modality: degrees of probability (possible,
probable, ceriain) and degrees of usuality (sometimes, usually, always). Modality thus

gives an insight into the writer’s assessment of the truth-value or credibility of his/her
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statements. Modality may be achieved through modal verbs, through modal adjuncts and
through a number of other means. In what follows 1 expand on each of these in turn.
Firstly, modal adjuncts may be of two types: comment adjuncts like ‘unfortunately’, or
‘interestingly’ (which comment on the whole clause), and mood adjuncts like ‘generally’
or ‘perhaps’, which are related to the finite in that they express meanings to do with tense,
modality and polanty (Thompson 1996:54).

56 Curiously, none of these multiple horizons appears to correspond to known
extinction horizons.

Comment subject finite
adjunct

There are very few comment adjuncts in the texts analysed in my study but a large number
of mood adjuncts. This may indicate that commeat adjuncts are more overtly subjective
than are mood adjuncts and are thus less likely to be used in texts that aim to be/appear

objective.

57 Certainly  such a climatic upheaval would have a major effect on the biosphere.

Mood subject finite
Adjunct

58 Perhaps peckish mammals  ate their eggs.
| Mood Adjunct: probability | subject | finite |

Halliday (1994:82) notes that mood adjuncts may express modality and polarity (polarity,

probability, usuality, readiness, obligation), temporality (time, typicality), and mood
(obviousness, intensity, degree).

59  But we can _ only guess why this happened.
| subject | finite [ modal adjunct: intensity |

Other means of expressing modality include mental and verbal processes (I think, 1
suggest) or nominalisations of these (the belief that...), nominalisations of modal adjuncts
(e.g. the possibility that...), adjectives (possible evidence is ...), impersonal ‘projections’

(it is possible that ...). I provide examples of each of these in examples 47 to 50 below.
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Mental process expressing modality:

60 Some scientists think  that a giant meteorite fell from space and hit our planet
| subject | finite |

Nomunalisation of modal adjuncts:

61 The possibility that the solar ‘constant’ varies  is interesting, but difbcult to
demonstrate -

| Subject | Finite |

Modal adjective:

62  Possible evidence for this  has been found in Central America in Yucatan.
| Subject | finite |

Impersonal ‘projections’ in relational clauses:

63 It is possible  that both groups of scientists are right
| Subject— | finite | | subject continued |

3.2.5.3 Hedging

Using modality and a number of other resources, writers and speakers hedge to signal how
certain they are of what they are saying, to shield themselves from responsibility for what
is said and to show deference to the reader. An analysis of hedging thus gives a good deal
of insight into the relative status of writer and reader, as well as the writer’s assessment of
the reliability of what they say. (Hyland 1996¢:43S) identifies two main types of hedging:
content-onented hedging, and reader-oriented hedging. He refines the content hedges into
three types: attribute hedges, reliability hedges, and writer-onented hedges. Examples of
each type are given in Table 3.1 below.
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Kinds of hedge

Examples of each kind from the data

Artribute hedges specify the extent to
which a term accurately describes the
reported phenomenon. They are
usually ‘degree of precision’ adverbs.

It was at least partly responsible for the mass
extinction

About 250 mullion years ago, about 80% of
existing species disappeared In a single
extinction event.

Reliability hedges convey the wmter’s
assessment of the certainty of the
proposition. They are motivated by the
writer’s desire to convey explicitly an
assessment of propositional validity.
Hyland (1996¢:441).

This number may have climbed as high as 98%.
These cculd have blotted out the sun’s light

Writer-oriented hedges conceal wnter
viewpoint and allow the wrter to avoid
responsibility for what is said.

A series of smaller impacts, is argued to have
produced the sequential extinctions!

Jablonski (1986a) noted //that the Lazarus effect
appears worst for the Late Permian event.

Reader-oriented hedges can hedge
statements that are face-threatening to
readers by acknowledging personal

We favour extraterrestrial causes.
A first question 1s whether we are seeing the
effects of a purely biological phenomenon.

responsibility or they can show
solidanty with readers by inviting
reader involvement

3.2.5.4 Evaluation

Because of the ideological necessity in science to present propositions as objective, writers
are constrained in their use of attitudinal lexis, which is a common way of indicating the
writer’s opinion and values. Values in science are therefore comunumnicated very subtly,
making invaluable an analysis of evaluation, which considers each clause in terms of
parameters such as certainty and relevance. Thompson and Hunston (2000:3) point out
that some writers have distinguishad expressions of opiruon about entities (referred to as
modality) and expressions of opinion about propositions (referred to variously as
attitudinal meaning, appraisal, and evaluation). I follow their preference for the use of the
term ‘evaluation’ as a combined term referring to writer opinion about both entities and

propositions.

According to Thompson and Hunston (2000:21), we recognise evaluation as language that
is comparative (adjectives and adverbs), subjective (modals, some adjectives, adverbs,
nouns and verbs, marked clause structures such as clauses beginning with if and there)

and value laden (lexical items and the indication of goal achievement). Parameters of
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evaluation are: good/bad, expectedness, certainty, itmportance and relevance. Particular
parameters are prioritised depending on the discourse (Thompson and Hunston 2000:24).
Analysis of texts in this study indicates that in scientific discourse certainty is prioritised.

Because I follow Hunston (1994:193) closely in my analysis of evaluation it s necessary
to outline in some detail the categories she uses. To illuminate evaluation, Hunston uses
the categories of Status and Value. Status (Hunston 1994:218) is evaluated on the scale of
certain-uncertain, and is attached to every clause. It is identified by writer activity, the
source of the propasition, modifications, and the resulting place of the clause on the
certainty scale. Writer activiry includes ‘state fact’, ‘interpret results’, ‘assess’, ‘narrate
event’, ‘hypothesise’, ‘recommend’, ‘assert status’, ‘describe figure’. Status is given to
each clause by the writer. It refers to the alignment of statement and world, which
constrains the reader’s reaction and evaluation of a statement. Status reifies each
statement (makes it into a “thing” i.e. an hypothesis, assumption, fact, etc.) (Hunston

2000:186). Statement types can be:

Assumption
orld-creating Hypothetical
Recommendation
Informing
Fact/event (open to venification)
Statement types orld- reﬂecun Interpretation/hypothesis
Assessment (not open to verification)
ocusing (statements describing the text itself)

The source of the proposition may be received knowledge, data, the writers, or the text.
Hunston (2000) distinguishes between attribution (of language to someone else) and
averral (where the writer speaks for him/herself.) Averral can be modified by modals, or
vague language and attribution can be modified by choice of attributing verb or noun. The
resulting place of the clause on rhe certainty scale ranges from known, certain, probable,

possible, unlikely, untrue to unknown.

Value, which is attached to some items only (Hunston 1994:196), evaluates items on the
scale of good-bad in terms of the achievement of the goals of the activity. An item with the
status of evenr may be positively evaluated (Hunston 1993:53) as having accuracy

(freedom from distortion, artefact etc; comprehensiveness), consistency (fit to other
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methods), verity (closeness to non-lab conditions), simplicity (ease of performance),

usefulness (goal-achieving), or independence (fit to observation, not theory).

An item with the status of result may be positively evaluated as having reasonableness (fit
to expectation, other facts, projections), rehiability (certainty), consistency (fit to data,
repeatability), supportiveness (fit to theory), usefulness (ability to evaluate theory),
importance (relevance, significance). An item with the status of hypothesis or
interpretaticn may be positively evaluated as having accuracy (fit to data), applicability (fit
to range of data), usefulness (explicatory power), reasonableness (fit to expectation, other
knowledge)

The example below indicates how the writer of the folowing extract from the text in my

study taken from Scientific American, evaluates what s/he is saying:

““The * Alvarez group proposed I/ **"that the extinctions and the iridium layer had a
common cause: the impact of an exiraterrestrial object, [[probably an asteroid
about 10 kilometers in diameter]]. 1/ **Since then the finding [[that an iridium
anomaly exists at many other sites around the world and that the iridium-rich clay
also contains minerals apparently altered by heat and shock ]] have bolstered the
case for a Cretaceous impact. //

Table 3.2 _lllustration of Hunston’s approach to evaluation

Clause | Activity | Source Modification | Certainty | value
32a* | projet | _ 1 . -

' 32b | hypothesis | Alvarez group _proposed, probably | probable Hypothesis |
33 result unspecified apparently, have probable + accuracy |

Research Articles | bolstered the case

* Asl exﬁain in section 4 0.1 | use the convention superscripls in numl:;f_:_ﬁhg the clauses of the texts in
my study.

The popular journal articles in this study share some of the values identified by Hunston
(1993) as important in scierice research articles, and also reveal other values such as being

current, famous or controversial. This example from the Mail and Guardian text (see

section 4.4) indicates that a topic being current or new is positively evaluated

"*Discovering the fate of dinosaurs is the hot topic i palaeontology right now - "“at
least, it is among those [[who don't see it as another source of trivialisation of
their subjeclt.|]

 Clause | Activity  Source  Modification Certainty | value
la assess | writer | _ | certain + current
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Hoey (2000:32) points out that evaluation can be buried inside clauses, 1.e. inside nominal
groups or circumstances, making questioning of the evaluation more difficult for readers.
An example from the above section of the Mail and Guardian extract bunes the writer’s
evaluation of palaesontology as trivial inside a circumstance of location, implying that it is

unnamed ‘those’ who have made the evaluation.

b atleast, it is among those [[who don’t see it as another source of
trivialisation of their subject.]]
\ Circumstance: location: place (abstract space) |

To sum up: in my discussion of the interpersonal metafunction above, I have focused on
the categories of modality, hedging and evaluation, as these are the most revealing of
interpersonal meaning in my analysis in chapter 4. The study concerns written texts, in
which the authors are at pains to create an impression of objectivity through omission of
human participants (the research articles and textbooks in particular). Because the texts
are in the written mode and because the writers of most of them try to create an
impression of objectivity, the categories of hedging and evaluation, which operate at the
grammatical level and are subtler than attitudinal lexis, are jnvaluable in illuminating

interpersonal meaning in my study.

In what follows [ turn from analysis of verbal to analysis of visual meaning in texts.

3.2.6 Analysis of illustrations

In my analysts of the images associated with the texts in this study [ rely on Kress and van
Leuwen (1996). Their system of analysis of images is based on Systemic Functional
Grammar (Kress and van Leuwen 1996:40). As in Systemic Functional Grammar, Kress
and van Leuwen (1996) consider three metafunctions: ideational (what objects or events
are depicted), interpersonal (what relations are projected between the depicted participants
and viewer, and between the producer and viewer) and textual (what the composition of

the image means). 1 provide a brief summary of Kress and van Leeuwen’s (1996) system
below.
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3.2.6.1 The Ideational/Experiential metafunction in illustrations

As in the textual grammar described earlier, the ideational metafunction reflects meaning tn
the sense of content. In this section I consider the kinds of ideational meaning found in
illustrations in my study: narrative, classificatory, and analytical meaning. Kress and van
Leeuwen (1996:56) divide expresston of ideational meaning in illustrations into Narrative
processes and conceptual processes. Narrative processes have a vector, an element that
forms an oblique Line. The vector often joins two participants: the actor, from whom the
vector emanates, and the goal, at which the vector is directed. As in text the goal may not
always be present in the image (called a non-transactional action) and sometimes the actor
1s merged with the vector. Sometimes the vector is formed by the direction of the glance
of a pariicipant. The top photograph from Time on page 30 of the appendix article depicts
Luis and Walter Alvarez smiling (presumably) at the photographer. The photographer and

the viewer become the object of their friendliness.

The second process by which ideational meaning is expressed in images is through
conceptual processes, represented in this study by classificatory, and analytical processes.
In the classificatory processes in this study, the participants are distributed across the
picture space and are equal in size (for example the top right image in Prehistoric Life (see
appendix) comparing animals that died and animals that survived the Cretaceous
extinction).

A good many of the images in this study are analytical, reflecting the fact that the texts are
scientific. In analytical processes there is no vector. The image depicts two types of
participant. the carrier (whole) and the attributes (parts). Examples are the many
photographs or drawings of impact craters in this study, with the landscape as carrier and

the crater as attribute.

Topological analytical processes (Kress and van Leeuwen 1996:101]) accurately represent
the logical relations between participants, but not the actual size or distance between
them. An example 1s found in Time (page 32 in the appendix) which shows the Nemesis
theory: how the proposed companion star Nemesis distupts the Oort cloud and sends

comets into the solar system where they hit earth.
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Graphs are classified as spatio-temporal analytical images. They are highly abstract
analytical structures. Interestingly, the only example in my data is in the research article in

my study by Raup and Sepkoski (see page 5 of the appendix).

An example of a temporal analytical process (Kress and van Leeuwen 1996:95) is found in
Time (see page 30 of the appendix). This depicts a geological timeline of the last 250

million years with mass extinctions occuring approximately every 26 mullion years.

In summary, Kress and van Leeuven’s (1996) application of Systemic Functional Grammar
to images enables a consideration of whether an image is narrative, classificatory or

analytical, and what each of these imply for the overall meaning of the text.

3.2.6.2 The Interpersonal metafunction in illustrations

As noted earlier, interpersonal meaning refers to the ways that social relations are realised,
and what roles the participants take on. In this section I consider the participants, the
distance between them, the attitude of the projected viewer to the image, and expression
of modality. Kress and van Leeuwen (1996:119) note that there are 2 types of participants
that need to be taken into account in images. These are the represented participants

(within the image) and the interactive participants (the producer and receiver).

In considering relations between the represented and interactive participants Kress and van
Leeuwen (1996:121) divide images into those where the represented participants look
directly at the viewer (these images demand a social response from viewers) or those
where the represented participants do not ‘make eye contact’ with the viewer. These they
charactense as offering information to viewers. Diagrams and maps are offer images; they
offer objective dispassionate knowledge, (Kress and van Leeuwen 1996:126). Examples of
such offer images are found in most of the texts analysed in this study (e.g. the map in

Prenistoric Life, appendix page 46, analysed in section 4.5.).

Another important element in creating interpersonal meaning is social distance between
represented participants and viewer. This is realised through choice between close-up,
medium or long shot. For example, in the Time article in this study, most photographs of
people are in medium shot, between what Kress and van Leeuwen (1996:130) call far

personal distance and social distance, eliciting our sympathy, and indicating a positive
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attitude to scientists as found in the written text In depicting Walter and Luis Alvarez
(Time page 30 of the appendix) in close up personal distance, the writer/producer asks us
to sympathise with and ‘befriend’ these people, the originators of the Impact hypothesis,

which the writer supports in the written text.

Subjective or objective atlitude.

The angle at which the viewer sees the subject matter of the image contributes to whether
the producer of the image intends the viewer to see him/herself as subjectively involved
with the subject matter or as objectively observing it. Whether the angle from which the
photograph or drawing has been taken is frontal or oblique contributes to whether the
viewer is involved or detached in his/her view of the participants. Participants who are
seen obliquely or are turned away are depicted as “not of our world”, while those depicted
frontally are reprcsented as being people we are involved with and who are “part of our
worltd”. Thus in the Time articie the many photographs of the scientists turned away from
the camera (e.g. Time page 32 of the appendix) represent the scientists as not really ‘of
our worlc’ i.e. the world of the writer and the viewer/reader. They are involved in the
world of science, and construed as Other. The only scientists treated as ‘like us’ are Walter
and Luis Alvarez, who we see in frontal close-up, demanding the soctal response of

friendliness (Time upper photograph on page 30 of the appendix).

Similarly, high angles make the producer of the image or viewer more powerful. For
example the dead dinosaur (page 37 of the appendix) in A/l About Dinosaurs 1s viewed
from a high angle: it is dead and powerless. Low angles make the image more powerful.

For example the Liopletirodon and the 7-rex in the Mail and Guardian article (page 35 of

the appendix) are viewed from beneath and thus signalled as powerful and menacing). In
each case this allows us to see how we have been positioned by the producer of the image
(Kress and van Leeuwen 1996:149).

In scientific/technical images, objectivity is usually encoded through use of a directly
frontal or top-down angle (Kress and van Leeuwen 1996:149). The top-down angle is the
angle of maximum power and is oriented towards ‘theoretical’ objective knowledge.
Examples of images with this ‘god-like point of view’ objectivity are the photograph of
the Martian moon Phobos in McGhee (appendix page 13) and the impact crater in the

Scientific American article (appendix page 23). Another point of view that encodes
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objectivity is the cross-section (Kress and van Leeuwen 1996:150). An example is the
diagram of The Nemesis Theory in the Time article (page 32 of the appendix).

Modality

Modality refers to whether an image is represented as being true. Currently, the dominant
standard that we judge visual realism by is photo-realism. What is perceived as real differs
with culture and changes over time. The realism of science and technology is different
from ‘common-sense’ photographic reahism. Kress and van Leewen (1996:169) speak of
‘Galilean realism’, as what can be known by measurement or other methods of science. So
in science a line drawing without colour, texture, brightness, or perspective can be judged
more real than a photograph. Kress and van Leewen (1996:170) also make the point that
abstraction is valued in science. Thus whatever features are useless for the
technological/scientific purposes of the image (e.g. colour, depth, background etc) are low
in modality — i.e. they reduce the realism of the image.

In summary this section indicates that, as with interpersonal meaning in texts,
interpersonal meaning in iliustrations is very important for my analysis of ideology 1n texts.
An analysis of interpersonal meaning in images can reveal how the producer of the image
expects the reader to view the image. It can indicate what relationship the writer expects
to exist between the reader and people or other subject maier depicted, and the extent to

which the writer/producer expects the image to be viewed as realistic and objective.

3.2.6.3 The Textual metafunction in illustrations

As with textual meaning in wntten text, the producer of the image uses the textual
meaning of images to signal to the viewer how the different parts of the image, or different
images within a page, fit together. In this section I consider how composition of an image
relates the ideational and interactive meanings of an image in two important ways. Firstly,
where 1s a particular element placed in the image, and secondly, what Framing is created
by the actual frame or dividing lines within the image? The meaning of the placement of
elements 1n an image 1s of course entirely conventional, and the meanings discussed in
Kress and van Leeuwen (1996) and below reflect the meaning of placement in the western
tradition, where the texts in this study are firmly placed. The first meaningful feature is
vshether an element is on the left or right of the image, whether 1t is at the top, bottom or

in the centre. As in the English clause, Given information is placed ‘first’ i.e. it is on the
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left of the image. New information is placed ‘second’ i.e. on the right of the image. For

examnple in the Mail and Guardian article (see appendix page 35), the image of the T-rex (a

well known and instantly recognisable element) is on the left and is therefore Given. The

Liopleurodon on the right (an unknown dinosaur to most viewers) is New.

A further feature is whether the element is at the top or bottom of the image. Placement at
the top indicates that the producer of the image regards the element as the ‘Ideal’, while
placement at the bottom means that the producer regards the element as representing the
Real. In the same Mail and_Guardian article (tellingly entitied ‘Why dinosaurs won’t go
away’), the cartoon-like 7-rex is placed at the bottom of the page (see appendix page 35).
Unframed, it has intruded into the newspaper world of the reader and is, tn the view of the
writer of the article, the Real image of the dinosaur. The more naturalistic Liopleurodon,
located at the top of the page, and swimming peacefully and unseeingly through its own
framed habitat, i1s the Ideal.

Framing separates elements from each other while lack of a frame allows connectedness.
The iack of frame around the 2 images of Earth being hit by an asteroid in DK
Picturepedia (appendix page 40) makes these 2 images pnimary on this double page. The
black background of the page is actually the background/environment/‘outer space’ of
these two images of Earth. The text and boxes containing other images and text are

additional/ /elaborate on these two primary images.

This section has considered organisational meaning in illustrations tn two different ways.
Firstly the placing of an image or element in an image on the page signals whether the
producer of the image regards it as Given or New, and Ideal or Real. Secondly, the

framing of the image indicates the connectedness or separateness of images on a page.

3.2.7 Summary of the chapter

The topic of the texts in this study is constant with respect to field, all texts concerning
what caused the extinction of the dinosaurs at the end of the Cretaceous era. My analysis
of five texts in four genres (research article, textbooks, popular texts such as science

journals, newsmagazines and newspapers, and finally science books for children) is
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provided in chapter 4, where is reference to and comparison with a further six texts, for

which full analysis is not provided.

The texts in the study are subject to comprehensive discourse analysis that uses Systemuc
Functional Grammar as an analytical tool. This grammar, as [ have mentioned before,
focuses on meaning, and considers the choices made by writers in communicating their
message. This makss it useful in examiming the ideological content of texts. Systemic
Functional Grammar considers meaning in texts in terms of two dimensions of context:
context of situation (register) and context of culture (genre). Context of situation has
three components of meaning. ldeational meaning (experience of the physical world),
interpersonal meaning (enacting social reality), and textual meaning (organisation of the
message Images that accompany text can, as Kress and van Leeuwen (1996) demonstrate,
also be analysed in terms of these three metafunctions. 1, too, do so in this study, and

report on my findings in the next chapter, viz. Chapter 4.
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CHAPTER 4: ANALYSIS OF DATA

4.0 Introduction and overview
In this chapter ] seek to provide an answer to the first two of my research questions:

1. What distinguishes popular from academic scientific genres, and how do they relate
io each other?

2. How does register in representative texis from each genre illuminate the ideological
assumptions of each genre?

To answer the first question, my study compares the discourse features of scientific texts
in four genres. Two of these genres — the research article and textbook — are academic
genses of science and have been relatively well studied. The other two genres — articles in
magazines/newspapers, and childrer’s books, — are ‘popular’ genres of science and have
had less interest shown them. Central to this study, therefore, is a comparison of the
popular with the more serious genres. The texts, as readers will recall (cf. section 3.1) are

all on the same topic, namely" what caused the extinction of the dinosaurs.

In order to achieve the comparison just mentioned I have selected exemplary texts in each
genre. As I explained in chapter 3 (cf section 3.1) more than one text was analysed fully
in each of the genres (except the research article genre, which has had more previous
attention shown it than the other genres). However, for reasons of space and to avoid
repetition, where the texts analysed in a particular genre are very similar, only one text is
discussed in chapter 4. I mention other texts in the genre where there are interesting
differences, in order to show the vanation that appears within a particular genre. Thus |
have analysed a single text in the research article genre in 4.1 (cf appendix page 2). In
42 1 analyse a single extract from a Geology textbook (cf. appendix page 8), making
some reference to two other textbooks (cf appendix pages 12 and 18), written with
different readers in mind. In my consideration of popular scientific texts, 1 found greater
variation between texts than in the textbook genre. In 4.3 and 4.4 1 therefore provide a

full analysis of two popular texts drawn from different genres (from Scientific American

and the Mail and Guardian, cf. appendix pages 22 and 34) and aimed at different groups

of readers. In my discussion of the Scientific American extract, I draw comparisons with

the Time text (cf. appendix page 27), which has many similarities with it. In 4.5 I

provide an analysis of an extract from a science book for children (cf. appendix page 45).



Analysis of data 88

Originally four texts for children were analysed. Three proved to be very similar, and
one, which shows some differences from the other three, I judged to be atypical and not
representative of the genre. Nevertheless, as in 4.2, my account draws on the differences
and similarities with the three texts that are not analysed in full. Finally, in 4.6, 1

summarise and report on my comparison of all the texts in the study.

Zach of sections 4.] to 4.6 may be regarded as a mini-chapter, each, as I note above being
devoted to analysis of a different text. To assist readers, and to aid the process of
comparison and generalisation, I follow the same organtisational pattem in each of
sections 4.1 to 4.6. In each I analyse register (context of situation) under the categories of
field, mode and tenor in tum, and pay attention to the same features in each text. In each
section | then move on to a consideration of genre (context of culture). Finally, in each of
secticns 4.1 to 4.6, I reflect on the second of my research questions, namely, the

ideological assumptions of each genre in the study.

4.0.1 Note on convention used for numbering clauses

Clauses are numbered by use of a number in superscript at the beginning of each clause.
Each clause complex is given its own number. Where there is more than one clause in a
clause complex, this is indicated by letters of the alphabet. Thus the number before the

followtng clause indicates that this is the second clause (b) in the fifth clause complex of
the text:

*or they may have become extinct over a very long time.

Together with a photocopy of each text, the appendix contains copies of each text divided

into numbevred clauses. In this thesis I use italics to distinguish examples taken from the
texts.
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4.1 Raup and Sepkoski: An extract from a research article

4.1.0 Introduction
411 Field in Raup and Sepkoski
4.1.1.1  Human panticipants in Raup and Sepkoski
4.1.1.2 Processes, participants and circumstances in Raup and Sepkoski
4,113 Summary and overview of Field in Raup and Sepkoski
4,1.2 Mode in Raup and Sepkoski
4.1.2.1  Theme in Raup and Sepkoski
4.1.2.2 Nominalisation and embeading in Raup and Sepkoski
4.1.2.3 Passivisation in Raup and Sepkoski
4.1.2.4 Conjunctive relations in Raup and Sepkoski
4.1.2.5 Summary and overview of Mods in Raup and Sepkoski
4.1.3 Tenor in Raup and Sepkoski
4.1.3.1 Contacat, affect and status in Raup and Sepkoski
4.1.3.2 Hedging in Raup and Sepkoski
4.1.3.3 Evaluation in Raup and Sepkoski
4.1,3.4 Summary and overview of Tenor in Raup and Sepkoski
4.1.4 Summary and overview of Register in Raup and Sepkoski
41,5 Genre in Raup and Sepkoski
416 Ideology in Raup and Sepkoski
4.1.7 Summary of the chapter

4.1.0 Introduction

In this section 1 begin by examining an extract from a research article, it being the first of
four different science genres that are central to my study. The other three are textbook
accounts, the popular science article and books for children. The research article 1s
‘Periodicity of extinctions in the geologic past’, published 1n a prestigious journal, the

Proceedings of the National Academy of Science: The findings of this article, and its

authors, are mentioned in two of the popular articles (the Scientific American and Time

texts) that I consider in 4.3. As a convenience 1 refer to the research article by the
surnames of its authors, Raup and Sepkoski. As explained in 3.1.1, [ have chosen sections
from the representative parts of research articles: the Abstract, the Introduction, the
Method, and the Discussion. This article also conrains a speculative Implications section,
and I include a paragraph from this section as well. The reader can consult the entire
original text of the article by folding out page 3, 5 and 7 of the appendix. The analysed

sections have been outlired 1n red ink.

I begin my account by considering the context of situation, or register, of the text, and |
report on my analysis of register in terms of Field (in 4.1.1), Mode (in 4.1.2) and Tenor (in
4.1.3). ] then go on, in section 4.1 5, to consider the context of culture, or genre of the

text, before turning to ideology in 4.1.6. As mentioned in chapter 2 (sectiocn 2.3.2),
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Halliday (1993) indicates that we can expect the scientific register to be impersonal, highly
nominalised with extended nominal groups, and to use a good deal of technical language
and passive constructions. Moreover work by Bazerman (1988) and Myers (1989) leads
us to expect the text to be persuasive in intent, in spite ot lacking the usual interpersonal

means of persuasion, i.e., attitudinal lexis and personal language.

4.1.1 Field in Raup and Sepkoski _

Field is the first of three dimensions of register. It refers (cf. section 3.2.3) to what is being
talked about, what is often referred to as experiential meaning. In this section I report on
my investigation of human participants, processes, participants and. circumstances in Raup
and Sepkoski. Of these, hurran participants are particularly important in my comparison

with other genres, necessitating consideration separately in each of sections 4.1 - 4.6.

4.1.1.1 Human participants in Raup and Sepkoski

Table 4.1.1 shows that there are very few human participants in the Raup and Sepkoski
text, Passives are frequently used to avoid mention of human agency. Two of the human
participants Fischer and Arthur (4) and Shoemaker are authors of other research articles.
Mention of them constitutes what Hyland (1996) calls writer-oriented hedges, in which the

authors back up their opinions by mentioning research that supports their opinions.

Table 4.1.1: Human Participants in Raup and Sepkoski

Clause 10a Fischer and Arthur (4) major clause,
specific reference
Clause 27 we (the authors and probably includes the reader) minof, specific
Clause 30b: we (the authors) major, specific
Clause 33a Shoemaker major, specific

As a whole the text is very impersonal. As is well documented, impersonality is an almost
unjversal feature of research articles, and serves to create an impression of objectivity,
which 1s so central to the establishment of the fact in scientific discourse. Personal
language 1s avoided as it implies subjectivity and emotion, which, in the culture of science
(and in western culture as a whole) is the opposite of objectivity and reason. Writers of
research articles use personal language to serve very limited purposes. There are two uses
of we in the analysed section of the text. In each case the writer uses the personal we
presumably because the need to personalise exceeds the need to be impersonal: the

tnstance of we in clause 27 is a form of solidarity politeness (Myers, 1989). Through using
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we the writers may hope to draw the reader into their speculation of “*'what we are
seeing”’. Here it seems that the need to involve the reader in their ideas exceeds the need
to appear unemotiona! and objective. The use of we in 30a weakens the authors’ case
(Myers, 1989) by limiting the interpretation to themselves: “ve favour’. This statement
is made less threatening to the community by being limited to the authors. It seems that
the authors suspect that the readers would not accept the claim of an extraterrestrial cause
for periodic extinctions if too baldly expressed, because they have advanced no evidence
at all for the claim. So the need to express this idea even in this weakened personal form

must exceed the need to appear objective.

Interestingly, all but one human participant in the text appears in the Implications
paragraph, where the writers are being most speculative. To minumise the possible offence
to other researchers caused by their speculation that the cause of periodic extinction is
extraterrestral, in the face of the more widely accepted terrestrial explanation, the writers

need 10 use these and other politeness strategies such as modalisation.

Table 4.1.2 shows just how striking Raup and Sepkoski’s removal of themselves from the
account is They sometimes construe themselves as ‘this paper’, but more often merely

leave themselves (or others) out of the account (signified by [ )).

Table 4.1.2  Human participants including those that the authors omit

Authory & othery

[ ] used time series analysis'*

Fischer &Arthur study | used limited data'"*

[Fischer & Arthur] did no statistical testing''*

this paper uses rigorous methods'*®

[ 1 marked the ime scrjes'*®

[ ] rescaled the extinction data'®

[ ] collected values' ™

[ ] calculate averages and ...'™

this paper tests periodicity'

[ ] investigate  temporal distribution of extinction'®
[ ] based the analysed record on ... >

[ ] assume extinction is continuous’®

Fischer & Arthur argued periodicity in extinction events '™
We favour extraterrestrial causes®®

Some of the human participants in Raup and Sepkoski constitute intertextual references

(clauses 8, 10a, 10d, 24b, 33a, 33c), all to research articles, making it clear that other
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research articles (rather than popular sources or interviews) are authoritative sources In
this text. This is, of course, the norm in academic discourse where publication of claims is

the first step towards acceptance of one’s ideas by the scientific community (Myers 1989).

In summary, there are very few human participants in Raup and Sepkoski, making for a
very impersonal text, which in turn assists the impression of objectivity of the text. 1 argue
below that two of the human participants serve to back up the writers’ opinions. The other
two human participants serve purposes of politeness — in the one case attempting 10
include the reader in the writers’ beliefs and in the other showing deference to the
discourse communty by conceding that an opinion that goes against currently accepted
knowledge ts limited to the authors. All four human participants are specific references
(who they are 1s important). This is a highly impersonal text, with all but two of the five
mental and four verbal processes lacking a senser/sayer As discussed in chapter 2 (section
2 3.2), ideas achieve objectivity and thus factual status in science by the removal of the

fact from people, including the people who onginated the idea.

4.1.1.2 Processes and participants in Raup and Sepkoski
Here I consider the kinds of processes that are common in the different parts of this text,

e, in the Abstract, the Introduction, the Results section, the Method section, the

Discussion and the Implications section I begin my account as a whole by summarising
the number and types of processes in each section of the text in Table 4.1.3. | then
consider each section in tumn in greater detail. Tables 4.1.4 to 4.1.9 reflect the participants,
processes and circumstances in each section of the text. Accompanying each table is a

discussion of how meaning is construed in the section.

Table 4.1.3: Summary of kinds of processes in different sections of Raup and Sepkoski

material { mental | verbal | identifying | attributive | bebavioural ( existential | total
Abstract 2 2 2 | | | 7
[Introduction | 7 2 2 2 2 1 16
| Results 2 2
Method 4 1 1 2 8
Discussion 2 [ 9 4 15
Implications | 3 | 1 2 6 7 3 2
total 16 5 -~ a4 22 16 6 1 70
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Although the Introduction to Raup and Sepkoski deals with ideas (often construed
elsewhere as relational processes), Table 4.1.3 shows that there are a high proportion of
material processes in the Introduction. Most of these describe what Fischer and Arthur
and the authors do. The Method section also has a high proportion of material processes,
but this is expected, as the section describes what was done in the research. A further
interesting feature is that more than half the processes in the text are relational
Significantly, most of these appear in the Discussion and Implication sections where the
authors analyse and interpret their resuits, and need to show relations of equivalence or

cause.

Table 4.1.4 shows the processes and participants in the abstract of Raup and Sepkoski. As
expected, the abstract is a condensed version of the article. The participants are:

a3 doxtinction events, > s

*causes of periodicity, in particular, *extraterrestrial forces and
“the fossil record. In brief in the Abstract the authors note that these participants *have
been investigated (agent omitted) statistically The knowledge claim made 1s a
*statistically significant periodicity of extinction events. There is one passive behavioural
process (has been investigated), which, however, canoot be said to serve to obscure the
participants as these are easily recovered from context. Rather this passive process focuses
attention on the content. The identifying processes show equivalence (*coincide with) and
cause (*show), while the attributive processes evaluate *the causes of periodicity as

“unknown and *possible.

Table 4.1.4: Processes and non-human participants in Raup and Sepkoski: Abstract

| Actor | Material | Goal/range | Circumstance |
1b using various forms of time series
| L analysis (range) | ] |
2a is based The analysed record
. Range: on variation in
- .. |exunctionimtensity |
| Tokem  Ident:cirum | Vale | i
4 Two of the events coincide | with extinctions that have ]
g - ! previously been linkedto... |
3 The 12 events show “a stadstically significant  with a mean
SR S S | periodicity .. | intervaiof...
 Carrier _ ~ Attributive | Attribute |
| 5a | thecausesof ... are _luwmown
5b it __is | possible I
| Behaver ______ Bebavioural  Matter ==
12 has been | The temporal distribution of stati_su‘c;ﬂ_y o
| investigated the major exuinctions ...
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The first sentence of the abstract is different from the rest of the paragraph in being in the
past tense rather than the present. This reflects the fact that this sentence is reporting on
what actually happened in the authors’ research, while the rest of the paragraph uses the
present tense - the tense used for general truths (Leech and Svartik 1975) or facts,
removed from time. Raup and Sepkoski is thus indicating that its findings add to this
generally true factual information.

In general terms the Introduction (see Table 4.1.5) serves to set up an oppo.sition between
the conventional explanation for extinction events (a ““continuous process which is *fime
homogenous) and that favoured by the authors (‘*periodic mass extinction). Those
holding the gradualist view are not explicitly named. In the mental and verbal processes
that refer to them, there are no obvious people doing the saying or thioking. These

unspecified people who *have often described or *have generally assumed are a large

Table 4.1.5: Processes and non-human participants in Raup and Sepkoski: Introduction

| Actor Material Goal/range | Circumstance
8 | using | standard binh-death models ' ]
_10a | Fischer and Arthur departed from | convention
10c | major extinction events | occurred | periodically
of the past 250 million | al ... conslant
__ years(ma) : | intervalsof ..
_ila_ | Their study | used | a limited data base,
11t was done no statistical testing ]
12a | The purpose of ... | is to test the proposition of periodicity ... |
_12b using, as ngorous a methodology
. | Senser | Mental | Phenomenon [
7a has been ...  It...FACT (that extinction is a |
N, assumed conlinuous process) '
lod see ef5
| Saver Verbal . Verbiage/Range '
8a is often the extinction process /as a time |
- N S described homogeneousprocess |
10b arguing FACT t(hat major extinction
= s | events ocowrred periodically. .. '
_ | Token Ident: Intens = Value o I
_6b | the ... fossil record . documents some 200,000 such extinctions. | ]
7c | mass extinctions " reflect ... short-term increases in that |
JE— —_— — __._.nsk_ — — -
| Carrier Attributive | Attribute B ] - ]
Efu;__ | Virtually all species. .. are Extinct ) now
| Tb species | are | atrisk B
I - existential | existent
9a | There s | tncreasing evidence [[FACT that |
|_many extinctions are ...] |
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group of other researchers with whom the authors, in this instance, disagree. To achieve
this omission of human agency, these processes are passive, Most matenal processes on
the other hand are active and their agents are Fischer and Arthur (whose work the authors
support), their study, and also the authors’ purpose and their data. This projects a world in

which data and research rather than people are prominent.

The authors use the Introduction (as Swales (1984) notes) to indicaie a gap for their
research: they note that Fischer and Arthur (whose work they agree with and extend)
relied on '"a limited data base and '"°no statistical testing was done. This is their niche or
field (in Swales’ (1984) terms) and they undertake to use Ras rigorous a methodology as

present data permii.

Table 4.1 6: Processes and non-human participants in Raup and Sepkoski: Results

| Token | Ident: circumstatial | Value B
13 inFigd4d | are illustrated The results of a final test of the extinction record
) Token Ident:Intens  Value o
14 | This figure | represents 2 “composite cvcle”

The two clauses that can be said to play the role of a Results section (see Table 4.1.6)

serve merely to direct the readers to the relevant figure, which shows the data, and

indicate a relationship of equivalence between figure 4 and what it represents.

Table 4.1.7: Processes and non-human participants in Raup and Sepkoski: Method

| Actor | Material | Goal/range - ! Circomstance
15b was marked off | the time series at 26 ma
N - - - mtervals
16a were rescaled The extinction data in each
- imterval _
17a were collected these values . with their
P . B . | - - | counterparts ...
18 | was performed | this procedure / for a variety
e N | of interval lengths R -
I _ Behavioral  Matter -
_15a | To compute the composite o - )
A7 | | werecalculated | averages and dispersions |
| Token Ident: Intens  Value - B ]
15¢ the C-T boundary was at the center of one interval. - - [
. peak o : ) I
16b 100%. was the maximal value

As has often been pointed out, the Method in science research articles is recounted almost

entirely through the use of passive processes. In the Method section in Raup and Sepkoski



Research article: Raup and Sepkoski 96

(see Table 4.1.7), there are no agents marking off, rescaling, collecting, ot performing,
similarly there are no people doing the computing and calculating. However this omission
does not obscure that who performed these actions is one or both of the authors. The
passives instead foreground the data and the methods in an efficient, impersonal and

economical way. This in turn projects a view of research as efficient and impersonal.

Table 4.1.8: Processes and non-human participants in Raup and Sepkoski' Discussion

| Senser | Mental Phenomenon - Circumstance
22a . should be | It. FACT (that the composue
| noted curve rises 10 a sharp peak) o
23a . would be a cemposite curve ...
[ o expected I
N Token ' dent: Intens | Value [ o —
19a  The illustrated | rspresents a best-fit to the data
composite cycle ] f - R
20a_ Testsof themedians [ show | highly significant differences:
_2la i Other cycle Ien,glhs | give - Iesg@_cap_l results ]
22 doesnmotprove | L
24a The curve in Fig 4 | may represent | a rather conservative |
S illustrationof ..
o | Token Ident: circum | Value .
20b | AFriedmann’stest ... | results in an S value of 250 . I
21c | thecycle | depans from the besi-fit cvcle substantially
24b  much of its breadth . may result from the interval nature of the |
I . daa. R R
__ | Carrier A_tt_r1_hu_pve Attnbute I ]
195  the composite peak » has maximal amplitude and | aboul the
. ; | minimaldispersion  median...
21b | the composite curve i deteriorates an irregular, non-unimodal
PR e .. B | curve (noise) N | D,
22b | which i is compatable with the
P . .  propositionthat.. |
25 The slight asymmelrv | is consistent with (.his last
of the curve in Fig 4 | proposition.

In general the Discussion (see Table 4.1.8) in Raup and Sepkoski is about how the
statistically manipulated data are represented in the curve, and what picture the curve
presents of the nature of extinction events. Real past creatures and events, as evidenced in
fessils, are represented in a highly abstract way, in the composite curve, and subjected to
statistical testing. As in most sections of this article, there are no human participants. 7he
curve in figure 4 is under discussion, and most participants refer to it. Another prominent
set of participants is the statistical methods and their use in the data. The world

represented in the Discussion is an abstract world, in which mathematical/statistical
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methods allow us to reflect remote events graphically and then to interpret this graph to

tell us something about the remote events.

Most processes are relational, and many of these are cause and effect/reasoning processes.

There is a high degree of nominalisation of the participants in the text (cf. 4.1.2.2). This

nominalisation together with the reasoning verbs allow the authors to cite much of their

reasoning within clauses, rather than using conjunctions to effect reasoning (cf. 4.1.2.4),

Table 4.1.9: Processes and non-human participants in Raup and Sepkoski: Implications

Actor Material | Goal/range | Circ
30 | measured __on a timescale of millions of vears R
1336 | . | shouldi mcreasc | the comet flux .

} - s needed | much more information )

~ Senser | Mental Phenomenon I R
30b  we. o | favour | extraterrestrial causes
B | Sayer B Verbal ~ Verbiage/Range o i

33a , Shocmaker has argued that passage through galactic arms

N T S should ... FACT S
35 _canbemade  definitive statements about ¢ causes o
| Tokem | Ident: Intens  Value
27 A first question s whether .. FACT o |
28b ! this ' does reflect an eanthbound process or . I

32a the passage of our solar | is one possibility
__ system through _ | 0 S L

33¢ . this could pronde an evplanauon for the bnologcal

N 1 - | _extinctions. R S
34  Twoofthe .. evems  arca assocmted ~ with mlg_qnge_l‘or meleomeﬂnpgl o

36 It o | mayturnout that (FACT) I

_ ____Carner | Attributive | Attribute R
_26b | the implications | are broad ang fuﬁar@ma] R
| 282 the forcingagent ~  is L in lhe physical enwronmcnt ]

29b  the extraterresirial | are solar. solar system. or galactic?

B | influences 1 I

30¢ purely blologlcal seem incredible - T
! physical cvcles | R S
30d | the cycles _jare offixedlengh T

3la astronomical and are plausible T
] _Cyclesofthisorder . _ —

3lb few | are ~ candidates B

] - - ___Behanoral Maﬁer ) _ o

26a can be penodlcm of extinctions in the geologjc P

1 _ . demonstrated  past -
30a - _can be ruled out ' none of these alternatives now

32b " has been on the order of 10° vears | |

estimated to

. occur

97
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Mental processes in the Discussion have no senser but can be inferred to refer to the
reader who Zshould note and who (along with the authors) Z*would expect... In a highly

impersonal text this is as close as the writers get to referring directly to the reader.

The overriding purpose of the Implications section (see Table 4.1.9) 1s speculation. It
therefore contrasts with the rest of the article in a number of ways, which I now describe.
Firstly, the Implications section does have human participants. These are Shoemaker, who
is another researcher, and the authors, “we” (twice). As discussed above, the use of **we
in “®We favour extralerrestrial causes is, a politeness strategy showing deference to
readers (Myers 1989). More deference to readers is in the authors’ use of the mental
process ***favonr, which indicates that this interpretation is a choice: others are possible.
The other use of we in clause 27 also shows deference in that it invites the readers to

articipate in the process of speculating on what Ywe are seeing in the data.
p p p p g i 4

A number of processes in the Implications section are modals. This also reflects the fact
that this paragraph 1s very speculative and thus needs to be temtative. The authors have no
evidence to support their suggestions, and can only claim that they are ‘plausible’, and

that counter-possibilities ‘seem incredible "

Overall, Table 4.1.10 below shows that mearung in Raup and Sepkoski is largely construed
though identifying processes (meanings to do with the two theories of extinction and
meanings to do with Fig 4). Matenal processes are largely used in connection with the
authors’ methods. The lexus, while abstract and technical (e.g. fime series amalysis) is
more simple and less abstract than that found in for example Duff (see section 4.2). Like
Duff, Raup and Sepkoski is about theories of extinction, not about dinosaurs; and like
McGhee (see 4.2) it 1s about evidence for how extinction might have happened. Unlike
McGhee, however, only one particular kind of evidence is mentioned, and this in great
detail. This, of course, is the difference between a textbook, which seeks to give an
overview (varying in depth depending on the projected readers), and a research article,

which is focused on a particular limited field of research.
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Table 4.110: Construa of meaning in Raup and Sepkoski

Methody & datw

Fig shows | resuls
Fig s a composite cycle
Compositesyel. .| is byl
dentying deniing
Tests show significant differences
| Other cycle lengths | give less ~ sigmficant ~ resulls
Figd . compesite curve | rises lo sharp peak
Fig4 . hustation of extinction
] used | time Series analysis
FéA study [used | limited data
[F&A]  [did | nosalitcal lesting
material
. P
s paper | uses | rgorous methods
[ ] marked | the time series
escaled | the extinction dala —— -
{ } Lol]ected values Thetry: Entingtion oy - Edinction
[ ] calculte | averages and .. wnd groduak short-lived  and
olinction periodicity W
lh[s pa[xr leSls VEZNERRNEIRIT LN O ey rrey, V}I)/elg(/ﬁj’l(/:}lx VL AT R R 7
[ ] investigate § | distribution ofextngton
[ ] analysed extinction of vertebrates
] assume extinclion i confinuons
mass extinctions reflect | inoreases in risk
extinction described | as homogeneous Counges  of
mental 4 / U 7. ) J eriodicity
LTIy a g2 ATERENIR GOV ONT N I0 i 4
1y "!.’l/l/l/l/l/'l/l/l/l/l/l/’/l/l/l/f CHEVOOEOGOIRIILN b O R IL LT LT T TN E
The analysed record — contains W Exinclionevents | show | peridicty caused by [ unknown [
Fischer & | argued  Fossilrecord documents f | 2 events caused by | ET forces
Arthur 200000 extinction linkedto | melearites
evlinclions a shortfved
exnclons._____ N1 L L N
Extinctions e discrete events
canse of perodiciy | s? biologial
We favour i physical?
cause of perodicity | 18 Earbbound
periodicity caused by [ ET causes
Authery possiblecanses [ ae sola sy
& othery galactc
N OALTOIRIIGIREIL IR, LELLIPELTLITIVENE NS AT X 7 D r’ T
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Circumstances in Raup aod Sepkoski

The circumstances in all the texts in this study are most commonly of duration, location of
time and place and manner, and these are indeed the circumstances found in thus text.
Because of the variation in the different sections of a research article, it is not possible to
draw any conclusions about circumstances in different sections of this article (reflected in

Table 4.1.11) beyond the fact that few circumstances are found.

Table 4.1.11 Circumstances in Raup and Sepkoski
I abstract | introduction | results | method | discussion | implications | total
Extent: duration 2 2
Location: place 1 1 2
Location: time 1 1 2
Manner 2 1 3
Accompaninrent : ] ]
l \ 10

4.1.1.3 Summary and overview of field in Raup and Sepkoski

This =xamination of Field indicates that Raup and Sepkoski is a highly impersonal text
with only four human parnticipants — two citations that back up the wrnters’ theones, and
two that show politeness to the reader (who represents the researcb community). Myers
(1989) has indicated that such politeness is a feature of research articles, and a sign of the
persuasive function of research articles. Another contributor to the impersonality of the

text is that the mental and verbal processes are mainly agentless passives.

The above analysis of participants and processes shows that identifying processes are the
MoSst common processes in the text as a whole, indicating a text that is concerned to show
equivalence relations and, more prominently, causal relations. Causal relations are
achieved incongruently through causal processes rather than congruently through
conjunctions, a sign of a more ‘written’ text. Material processes are particularly prominent
in the introduction (explaining what other researchers have done) and the method section
{explaining what the authors have done). The text reports what was done (realised in
material processes), what was proved statistically (identifying processes) and what this
implies (identifying and attributive processes). Overall Raup and Sepkoski uses identifying
clauses to translate what the researchers did in their research (material processes) into
abstract statistical meanings. They then draw conclusions about what this implies, which is

also abstract (using identifying and attributive processes). This text contains mathematical
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abstraction (statistical mezning), making 1t harder for readers than are other texts in the

study, as we see later in this chapter. Raup and Sepkoski focuses on a very limited field -

their research - compared to a far wider range in each of the other texts in my study.

4.1.2 Mode in Raup and Sepkoski

In this section, under the categories of theme, nominalisation and embedding, passivisation

and conjunctive relations, I reflect on how Raup and Sepkoski organises its message.

4.1.2.1 Theme in Raup and Sepkoski

I argue below that the writers employ marked themes to track the progression of their

argument. By using [ clauses (dependant clauses, see 3.2.4.1) that act as theme,

interpersonal themes and textual themes, they signal what is imporiant and what the reader

should pay attention to. Marked themes are particularly prominent in the Implications

Table 4.1.12; Theme in Raup and Sepkoski

| Textual | Interpers. | Topical | Rheme *
| Abstract
la The temporal distribution of the major extincrions over | "heavy’
the past 250 million vears theme
2a — | The analvsed record
2b | and >
3 ~—1-The 12 events /
| 4 Two of the events ’ <«
!! 5a Although the causes of periodicity are unknownk/’ﬁ clause as
theme
Introduction |
6a _| Virtually all species of animals and plants [{that have | “heavy’ i
! ever lived|| theme
6b and the known fossil record |
 7a It has generally been assumed Interpers. |
7b in the |_p-species !
sense |
that |
7c and that ——}-mass extinctions |
8a Following | —§-the extinction process conditiopal |
this view !
9 There
10a ——| Fischer and Arthur |
by arguing Interpers. |
major extinction events [of the past 250 million years | ‘heavy'
(ma)] theme
l1a | Their siudy |
11b no statistical testing
12a | therefore The purpose of this paper causat |
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‘Best fit* cycle: includes Results, Method, Discussion
Results
13 The results of a final test of the extinction record
14 This figure 4
Method
15a — To compute the composite clause
16a The extinction data[[in each interval (imeW ‘heavy’
every 1 ma)]] theme
16b so that — the maximal value o
17a H B These values &«
17b and averages and dispersions
18 —This procedure
Discussion |
19a (P The illustrated composite cycle
19b in the sense that P the composite peak e
20a H T7ests or the medians 4
20b —a Friedmann’s lest [[for points separated by 6 ma (the | ‘heavy’
approximate average stage duration)}] theme
21a Other cycle lengths
21b and the composite curve
2lc when —{ the cycle
22a It should be noted _| interpers
23a If edinctions resulted from continuous ﬁW"ﬁ clause as
background rate theme
24a The curve in Fig 4 e
24b much of its breadth P
| 25 The slight asvimmetry of the curve in Fig 4
Implications
FEP If periodicity of extinctions in the geologic past can he | 3 clause as
demounstrated ___—1TTheme
27 A first guestion 4«
28a If the forcing agent is in the physical en\'ironmgaé/ B clause
29a If the latter B clause
30a Although none of these alternative®can be ruled ou f clause as
now theme
31a By contrast Astronomical and asuwrophysical cvcles of this order oontrast
31b | even though candidates [[for the particular cvcle observed in the | ‘heavy’ theme
extinction data]] | _Cenditional
32a One possibility / ,
32b which -
33a Shoemaker -
33b — _passage through palactic arms bl
33¢ and 1S
34 Two of the extincrion events
35a However much more information adversative
35b before definitive Statements about causes
36a It may turn out Intcrpers.

1. clause as theme: bold; marked theme: underlined; nominalisations: italicised
2. *in this column I signal the markedness of theres using Gosden's (1992) categorics.
3. The double border signals the breaks benween the three extracts form the article




Research article: Raup and Sepkosk: 103

section, where the writers have least justification for what they say and are thus most at
pains to persuade the reader and therefore most need to direct the attention of the reader.
Of interest is the complete lack of adjuncts in marked thematic position in the text: it ts not

time, place or manner that the writers take as their starting point.

Theme, as | pointed out in 3.2.4.1, is often described as the ‘point of departure’ for the
clause. For Gerot (1995:78) theme is significant for two reasons. because it carries the
topic of the clause and also because it generally (but not always) reiterates given
information which was new in a previous clause, thus constituting the thread of what is
being said and linking clauses together. Looked at from this point of view, the first theme
of the Abstract, *The temporal distribution of the major extinctions over the past 250
million years, can be said to be the topic for the whole article. This is a ‘heavy’ theme,
which Thompson (1996:141) says may be used to specify the framework for
interpretation. The thread continues through the “analysed (fossil) record, which is the
medium in which the extinctions are reflected, to *the 12 (extinction) events, to the

“causes of the periodicify, of these extinctions. The abstract ends with a 8 clause as

theme, signalling, perhaps, the fact that this clause contains speculative information. The

abstract shows maintenance of theme (choice of same theme as previous clause) and
progression of theme (choice of theme from an element of the previous rheme)
(Thompson 1996:141).

The Introduction, like the abstract, starts with a ‘heavy’ theme. It shows some
maintenance of theme (choice of same theme as previous clause), and also uses textual and
interpersonal themes to track the course of the writers’ argument. This argument is that
there have been “*certain assumptions with ¥certain implications, but that there is
evidence (to which the writers add) that these assumptions are wrong: ™If has generally

been assumed, ™ Following this view, °by arguing, " The purpose of this paper, therefore.

It is particularly noticeable of the themes in the Method section (clause 13-18) that almost
all of them are the subject of passive constructions. As discussed in connection with Table
4.1.7, the people doing the method are omitted, and the focus is on what was done and to
what, and not on by whom it was done. In the context of the Method section of a research
article, passive constructions are actually not marked forms at all. Rather, they are

expected. The unmarked nature of the patterning in clauses 13-16 is also reflected in the
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‘2ig-zag’® pattern (Danes 1974). Theme is an element of the previous rheme indicating

progression of what the text is about (Thompson 1996:141):

theme rheme

The results of a final test... — are illustrated in Fig 4
This figure meosite cycle”
To compute the composite” — the time series was marked off at 26-mg intervals

The extinction data in each tnierval

Looking at the ‘best-fit’ cycle as a whole, we find that the themes in this section of the
text focus on figure 4. The curve in this figure, how it was arrived at and what statistical
tests it was subjected to are the subject of the ‘best-fit” cycle. The marked topical theme,
270 compute the composite, is the first theme of the Method move in the extract. By
using a marked theme in this way the writers foreground the start of the Method move. A
second marked theme, 21 should be noted that, is foregrounded in other ways - it is one
of only two mental processes in the ‘best fit’ cycle, it 1s imperative, and it is passive. It
serves to draw the readers attention to and stress the important message of the extract and

of the article as a whole, **the proposition that mass extinctions are discrete events.

The Discussion section uses both maintenance and progression of theme. Two marked
themes (the first an interpersonal theme and the second a {3 clause as theme) stress what is
particularly important in this part of the research: that the curve nises to a sharp point,
which is not consistent with the idea that extinction happens at a steady rate: **/r should

be noted: ™If extinctions resulted from ... fluctuations i background rate.

In the Implications section, the authors use a number of 3 clauses which act as theme to
trace the thread of their argument: **/f periodicity of extinctions in the geologic past can
be demonstrated ...; *[f the forcing agent is in the physical environment ... ; P11 the

latter ..; *Although none of these alternatives can be ruled out now ...

In the Implications section, by using B clauses that act as theme, the authors are able to
argue for a suggestion for which they actually have very little evidence. However their

careful use of modality and hedging in this paragraph mean that the authors cannot be
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accused of pretending that their speculation is fact (in the sense of being accepted by the
research community). The themes in the Implications section, in particular the large
number of marked themes actually serve to foreground the tentative nature of what is
being said. Almost all of these marked themes contain an element stressing tentativeness
and conditionality;

o Three clauses start with if (26a, 28a, 29a)

¢ There are three modal verbs

e One clause mentions a ’question, another mentions **possibility.

Throughout the analysed text, the instances where a clause is theme (bold in table 4.1.12)
usually trace the thread of the authors’ argument. These are instances where the authors
are explicitly directing the argument, stepping back from the content to an extent and
providing signals about where the argument is going. Use of a clause as theme in this way
is particularly prominent tn the Implications section:

Although the causes of periodicity are unknown;: "It has generally been assumed ...,
*Following this view .... °There is increasing evidence however ..., "**To compute the
composite ... *2lt should be noted ... *°If extinctions resulted from continuous
Shuctuations in background rate ...; ***If periodicity of extinctions in the geologic past can
be demonstrated ...; *'4 first question is ...; **If the forcing agent is in the physical
environment ...; ®*If the latier ... ; **Although none of these alternatives can be ruled out
now ... It may turn out ...

In summary, marked themes (usually B clauses which act as theme with some interpersonal
and textual themes) are used to mark the progression of the writers' argument concerning
periodicity of extinction and the possibility of the cause of extinction being extraterrestrial.
These marked themes, signs of the authors’ particular wish to direct the argument and
control the attention of the readers, are particularly marked in the Implications section

where the authors have least evidence for what they say.

4.1.2.2 Nominalisation and embedding in Raup and Sepkoski
Nominalisation, as first noted in 2.4.2, turns a process into a thing and locates it in the

nominal group. Embedding extends the nominal group, but locates a phrase or clause

within it.
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Nominalisation in Raup and Sepkoski
There is much nominalisation in Raup and Sepkoski: 39 different nominalisations in a 900-
word text. These are:

. . . . . . . . . . 5b 6b
‘distribution, “Vextinction, ‘banalyms, Byariation, zatmem;l!y, Y3causes *>forces, *record,
. . . t . .. 12b ..
Taprocess, “increases, ‘evidence, '“study '“testing, '“periodicity '*proposition,

. A . . 19b . .
Sscomposite, 'Mdispersions, “procedure, “variety, “lengths, ' best-fit, dispersion

. - . . 4a . .
000dians,  “differences, ®duration, curve, fluctuations, i llustration,

. _ T 2
2""abrupz‘ne.s"s, *Sbreadth, berror, 24"fallure, 2’a.symmet‘ry, 26blmplzccmons, influences,
22p0ssibility, ***hypothesis, ***information, *indicators :

This large amount of nominalisation in Raup and Sepkoski corresponds to a marked
degree to Halliday’s (1993:90) characterisation of science texts as construing processes
(such as distribute and record) and attributes (such as extinct and intense) as nouns
("distribution, ®record, ‘“extinction, *intensity.) Correspondingly logical relations
(typically realised as conjunctions and prepositions) are realised as verbs (32 resulted from,

25 based on, “reflect).

This extensive noninalisation results in a high level of abstraction, as if events are held at
arms” length and have little to do with the writers or with people in general. As discussed
above (4.1.2.1), the function of this nominalisation is facilitating cause and effect
argument. Although the primary function may be one of efficiency in argument, one effect,
nevertheless, is the removal of people from the account. In some places there also seems

io be use of nominalisation deliberately to conceal agency:

""The purpose of 1his paper, therefore, is o test the preposition of periodicity in the
record of marine extinctions over the past 250 ma. [Whose proposition? This avoids the
fact tnat it is the authors’ proposition]

"aTheir study used a limited data base, '"*and no statistical testing was done.

[Rather thapn “and th.ey did not test this statistically”’. The authors wish to criticise Fischer
and Arthur’s method but for reasons of politeness do not reiterate therr names in

connection wrth the critictsm, using nominalisation to avoid this}

Many of the nominalisations in the text are technical terms, which the writers assume the

readers are already familiar with, making the text difficult to understand for those
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2a

unfamiliar with the field. Examples are: “distribution, “analysis, Pvariation, ®record,

%2 pest-fit, Pdispersion **medians, > curve.

In summary, there is a high level of nominalisation in this text, much of it functioning in
efficiency of cause and effect argument and much of it functioning as technical terms. This

results in a high level of abstraction and a removal of people from the account.

Embedding in Raup and Sepkoski

In general terms the embedding in this extract seems to be of two types. Firstly, there are
fact clauses into which significant propositions are packaged. Secondly there are other
embedded clauses which serve largely to provide information on a greater level of
specificity than the ranking clause but which could often be omutted without negatively

affecting the meaning.

Embedded fact clauses’

The author usually uses the ranking part of the sentence to comment on the status
(credibility) of the fact (see underlined parts below):

In the Abstract the speculation developed later in the Implications section is packaged into
a fact clause: it is possible [[that they are related to extraterrestrial forces (solar, solar
system, or galactic).]]

In the introduction the fact clauses serve to encapsulate the two possible arguments:

"It has been generally assumed [[that extinction is a continuois process]] in the sense
that species are always at risk "“and that mass extinctions simply reflect relatively shori-
term increases in that risk.

*There is increasing evidence, however. [[that many extinctions are actually short-lived
evenls of special stress. separated by periods of much lowey, or evern negligible, risk.]]
'“Fischer and Arthur (4) departed from convention by arguing that M {major
extinction events of the past 250 million years (ma) occurred periodically ai nearly
constant intervals of 32 maj]

“The purpose of this paper, therefore, is (0 test the proposition [of periodicity in the
record of marine extinctions over the past 250 ma (Late Permian to recent)]

In the Discussion section a fact clause is used to encapsulate a highly significant aspect of

the graph which the authors wish to draw attention to:
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12“It should be noied [{that the composite curve in Fig 4 rises to a fairly sharp peak.]]
2hich is compatible with (**although does not prove) the proposition [[that mass
extinctions are discrele evenis. ]

In the Implications section the writers package in a fact clause a finding which supports

their speculation of an extraterrestrial cause for mass extinction: 32 Shoemaker has argued
(21) [[that **passage through galactic arms should increase the comet flux. ]]

They also package as a fact their almost formulaic statement that future research may

uncover new evidence: *°J1 may turn out [{that the biological record is sensitive to

periodic phenomena that other indicators have failed fo recognise.]]

Besides this final example, significant propositions such as hypotheses are packaged as
facts. Gerot (1995:96) maintains packaging something as a fact enhances its ‘givenness’
and ‘acceptedness’. However it is often the case that fact clauses are packaged as such
because someone is quoted as saying them. This may not eliminate the suspicion that the
author wishes to convey ‘given’ or ‘accepted’ status on them. Indeed attributing ideas to
others is a way (prominent in the popular texts) of claiming objectivity for the writer, thus

increasing the status of the proposition.

Embedded clauses providing information of greater specificity than the ranking
clause

A second group of embedded clauses serve to provide information on a greater level of
specificity than the ranking clause but could often be omitted without negatively affecting
the meaning. This function of embzadded clauses is found in clauses 6a, 10c, 12b, 13, 14,
16a, 20b, 23b, 24a, 31a, 33¢c and 34. Examples are:

“Virmally all species of animals and plants [[that have ever lived ]/ are now extinct.
1*The extinction data [in each interval (interpolated to every Ima) | were then rescaled.

The embedded clauses and phrases in clause 1a, 4, and 32a are central to meaning n the
ranking clause and strike me as adjective-like extensions to the nominal group. For

example:

"*The temporal distribution [of the major extinctions over the past 250 million years] has
been investigated statistically. ..
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In summary, embedded fact clauses in this text allow the writers to package central
propositions into facts whose credibility the ranking clause can either bolster or reflect
negatively on Much of the other embedding in the text adds to the nomunal group

information of a greater level of specificity than that found in the ranking clause.

4.1.2,3 Passivisation in Raup and Sepkoski

The reason for using the passive in this text is more complex than in any of the other texts,
mainly because in a research article it is necessary to show deference to the research
community (cf. Myers 1989). There are 19 passive processes in this 916-word extract.
The omitted agent is overwhelmingly etther the authors or other researchers. Omission of
the agent serves three main purposes in Raup and Sepkoski. Firstly passives can serve the
textual purpose of thematising Given information and foregrounding the findings and
methods of the researchers rather than the researchers themselves (this could also be seen
as a kind of politeness where the writers are self-effacing). Secondly they serve the
purpose of politeness (e.g. omitting the names of other researchers when the authors wish
to criticise the ideas of these researchers). Finally they can bolster the authors’ case by
including the reader in suppositions or giving opinions an appearance of being very widely
accepted. I consider each of these three functions in turn. Verbs in the passtve voice in the

examples below are in bold face:

1) The textual purpose of thematising Given information or of foregrounding the
findings and methods of the researchers rather than the researchers themselves.

"“The temporal distribution of the major extinctions ... has been in vestigated  [by us]

15 - . . . . arges . ..
using various forms of time series analysis **7he analysed record is based on variation
[by the authors]

“The results of a final test of the extinction record are illustrated in Fig. 4. “This figure
represents a “composite cycle” . '*To compute the composite, **the time series was
marked off al 26-ma intervals '*in such a way that the Cretaceous-Tertiary boundary
peak (at 65 ma B.P) was at the center of one interval. "*The extinction daia in each
interval (interpolated to every 1ma) were then rescaled '®so that the maximal value
was]00%. ' These values were collected with their counterparts in other intervals ‘®and
averages and dispersions were calculated. "*This procedure was performed for a variety
of interval lengths [by the authors]
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2) The purpose of politeness

o Omitting the names of other researchers when the authors wish to criticise the ideas of
these researchers:

It has been generally assumed ihal extinction is a continuous process.. SFollowing this

view, the extinction process is often described as There is increasing evidence,

however, that many extinctions are actually short-lived events [by other researchers]

Y Their study used a limited data base, “"°and no statistical testing was done.

[by Fischer and Arthur]

0 Giving the readers an order but making it polite by omitting reader as agent:
211 should be noted that the composite curve in Fig 4 rises

o Formulaic admission by the authors that they have not fully proved their case:
33aHowever much more information is needed ***before definitive statements about causes

can be made. [by the authors or any other researchers]

3) Use of the passive to bolster the authors’ case (by making it appear widely

acccepted):
*Two of the events coincide with extinctions that have previously been linked 1o meteorite
impacts [by other unnamed researchers]

Za1f extinctions resulled from continuous fluctuations in background rate, **a composite
curve approaching a sine-cosine function would be expected.
[by the authors, readers, and all mathematically literate people]

I periodicity of extinctions in the geologic past can be demonstrated. *®the
implications are broad and fundamental. [by the authors or other researchers:
omission of agent/passive with modal (if...can) allows authors to proceed with their
speculations in the expectation that it will be demonstrated]

% 4 lthough none of these alternatives can be ruled out now [by the authors or any
one else: omission of agent/passive with modal allows authors to continue speculating
along their chosen line]

*20ne possibility is the passage of our solar system through the spiral arm of the Milky
Way Galaxy, ***which has been estimated 1o occur on the order of 10° years (21).
{by Shoemaker - footnote 21)

*“Two extinction events (Late Cretaceous and Late Eocene) are associated with evidence
Jor meleorite impact (23, 24). [By other named researchers — footnotes 23 and 24]

In short, the wide use of passivisation/removal of the agent serves a more complex
purpose than in asty of the other texts, largely due to the need to persuade the readers to
accept what is advanced by the authors. The three main purposes served are: the textual

function of thematising Given material or foregrounding something other than the agent
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which is important; showing politeness to readers to persuade them to accept what is

advanced by the authors, omission of a specific agent to indicate wide/general acceptance

of the ideas advanced. Only the first of these three functions is common in the other texts

in the study.

4.1.2.4 Conjunctive relations in Raup and Sepkoski

External conjunctions express relations between events in the real world (Gerot

1995:100), while internal relations are rhetorical relations within the text itself (Martin
1993: 233). Raup and Sepkoski i1s unusual in the texts analysed in this study in that it has

many internal conjunctive relations (concerned with rhetorical structure). Below 1 argue

that these function in persuading the reader to accept the writers’ explanation.

Tabie 4.1.13

Conjunctive Relations in Raup and Sepkoski

Internal conjunctive relations:
 thetorical structure

clause

External: real world
conjunctive relations

| Paragraphs 1 &2 (abstract &

la

_introduction)

1b

28

2b

xtension: addition

3

4

Sa

Sb

onditional; concessive

Ga

o

6b

Elaboration: expository

_conditional

—8

~Extension: addition -

1 and

| 1in the sense that

Following this view

9

However

102

R

10¢

10d

11a
11b

=

_ Causal-conditional: Benz-nl

124

12b

" and

| therefore

13

_Paragraph 27&28:

14

| 15a

15b

15¢

in such a way that

162

16b

Causal: result

17a

I7h

jax

_Extension: addition_

18

19a

| so that

| and

| Elaboration: expository

9b

| in the sense that
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r 20a
B 20b .
. 2la
) 21b lex(ension: addition and
- 2lc NTemporal: simultaneous when
55
22¢ = Conditional: concessive | alll’xogtgg_ﬂ__—__j:
[ 23a -
- 23b _ ] -
_ Elaboration: verifactive 24a infact
- 24b ]
25
_Pa_ra_grap_h 34_ A 26a —?Condnional:posmve "_LE - )
e 26b - (. -
B 27 - |- _
S | T28a  ~FConditiomal:positive I
28b e ) ]
129 _KConditional:positive 1
. 29b I
Conditional: concessive 10a o Although L
A 30b I
Causal'reason ¢ e . for the reason that
- £ 30d | Matter: positive ~~~~~ where =~
- - / 30e Extension: addition and L
_Extension: adversative Z—31a W B | By contrast
- 3ib _\.:.Conditional:cona:s&vc even though o
32a | -
R . T R
33b
I _ L N s  EE——— B
I 33%¢  ~ TExtension:addiion ~ and
- - 34 e o - |
_Extension: adversative ) Sa S | However -
_Temporal: successive  “<—35b _  before
36

" Note: chor_d.ing to Martin (1983:6]) projecting clauses are not s&amalanses for the pufbges of
conjunctive analysis.
The many explicit internal conjunctions in Raup and Sepkoski can be explained in relation
to the authors® awareness of the importance of the readers (research community) relative
to the writers and the consequent persuasive function of research articles. The authors use
expository conjunctions (in bold face in what follows) to specify and justify their claims
("**The illustrated composite cycle represents a besi-fit to the data '°in the sense that the
composite peak...; **The curve in Fig. 4 may in fact represent a rather conservative
illustration of...). They explicitly state their aims for the article ('**The purpose of this
paper, therefore, is 1o fest the proposition of periodicity...). They explicitly point out
contrasts between the argument they consider reasonable and those they do not (**purely
biological or earthbound physical cycles seem incredible... ***By contrast, astronomical

and astrophysical cycles of 1his order are plausible). 1t is deference 1o readers that are not
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completelv persuaded that leads the authors to end off the speculative paragrapb with an
adversative conjunction indicating that their own argument is unproved (**However much

more information is needed **before definitive statements aboul causes can be made.)

Considering the extemal conjunctions, there are many conditional comjunctions in the
extract as a whole and their preponderance is particularly marked in paragraph 34 where
the authors are speculating. There are far fewer adversative conjunctions than in other
texts. Only twice do the writers explicitly oppose their argument to that of other
vesearchers (CThere is increasing evidence, however, thal many extinctions are actually
short-lived events .., . >'*By contrast, astronomical and astrophysical cycles of this order
are plausible...). Causal relations are for the most part not realised conjunctively in this
text, but rather clausally as witnessed by the preponderance of identifying processes

especially in clauses 19 to 36 (see tables 4.1.8 and 4.1.9 above).

4.1.2.5 Summary and overview of Mode in Raup and Sepkoski

Raup and Sepkoski, as the reader will see later, is similar to two of the popular texts (the
Scientific American and the Mail and Guardian articles). This is so because these three
texts show most evidence that the message has been organised, through theme and
conjunctions, with a view to directing the interpretation of the reader. The text, which is a
highly impersonal text in general, uses interpersonal themes combined with textual themes
and P clauses as theme to track the argument and make it clear and credible to the reader.
These marked themes support Myers’ (1989) contention that research articles, although
apparentlv objective, actually have a persuasive function in that they must convince the
research community in the person of the reader to accept their knowledge claim. A further
example of the authors’ directing reader response is their use of conjunctions. Raup and
Sepkoski is the only text in the study to use many internal conjunctions and, as with the
use of marked themes, this can be explained in terms of the persuasive function of research

articles and the authors’ subsequent need to direct the argument explicitly.

Raup and Sepkoski is a highly abstract text with a considerable amount of nominalisation
and with processes construed as nouns and logzical relations construed as verbs. Both
nominalisation and passivisation are employed to remove people from the account and

thus, in the value system of science, to achieve an impression of objectivity. The passive is
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also employed for reasons of politeness to the research communty as represented by the
writers (for example omitting other authors when the writers are disagreeing with them).
Further, the passive is used to bolster the authors’ own case (for example making their
own argument appear general by claiming it had “previously been linked 10...).
Embedded clauses in this text allow the writers to package central propositions into facts
whose credibility the ranking clause can either bolster or reflect negatively on. Much of
the other embedding in the text adds to the nominal group information of a greater level of
specificity than that found in the ranking clause. Altogether the 'orga.nisation of the
message points to a highly written, abstract impersonal text, which nevertheless succeeds

in being persuasive through skilful use of marked theme and conjunctive relations

4.1.3 Tenor in Raup and Sepkoski
Tenor, as explained in 3.2.5, refers to the roles of the reader and writer of a text and
interaction between them. In this section I consider the categories of contact, affect and

status, hedging, and evaluation.

4.1.3.1 Contact, affect and status in Raup and Sepkoski
In what follows T consider the first three of the categones mentioned above, contact, affect
and status, three categories which Gerot (1995:104) uses to illuminate the interpersonal

metafunction.

Contact in Raup and Sepkoski

Contact refers to writer’s solidarity with readers (Gerot 1995:104). The high level of
nominalisation, passivisation, and use of technica! language, as I have already pointed out,
make this text very formal. Within the context of the research article genre, these features
in themselves also display solidarity with the reader. Solidarity with the reader is also
indicated by reader-oriented hedges (see section 4.1.3.2), and by the strict adherence to
conventions such as referencing. The projected readership of the Raup and Sepkoski
article is researchers in the same field, although, as Myers has pointed out (cf. section
2.3.3.4), a wader readership that can be loosely thought of as the scientific discourse
community (i.e. all fields) is a secondary readership that must also be taken into account.
The attitude to science in Raup and Sepkoski is positive. There is no question that

quantitative statistical methods can be fruitfully employed to armve at a reliable model of
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what has happened in the past, although Raup and Sepkoski does not claim that 1t has

done so.

A graph js included in the extract from Raup and Sepkoski (see appendix page 5). Graphs,
classified by Kress and van Leeuwen (1996:104) as spatio-temporal analytical images, are
highly abstract analytical structures. Graphs are not naturalistic, and the particular graph in
Raup and Sepkoski needs a high level of understanding of statistics to decode. The
presence of this graph means that the writers extend solidarity through this graph to those
of their readers who have this high level of understanding of statistical methods. They

assume their readers fall into this group.

AfTect in Raup and Sepkoski

Affect refers to ‘positive or negative attitude of the writers to the readers and what they
are talking about’ (Gerot 1995:104). Scientific language is usually characterised as having
little or no attitudinal lexis. There is a fair amount of attitudinal lexis in this article, but it is
very subtly expressed. In the Introduction paragraph, previous studies are subtly hinted to
have been overly simplistic through the use of mood adjuncts (which I have bold-faced in
what follows): these studies have "*generally assumed ..., they have viewed species as
Palways at risk, and “mass extinctions as simply reflecting... By contrast, Raup and
Sepkoski’s research seeks to show that many extinctions are *acrually short lived events.
The present study is thus to be a more accurate assessment of what is actually the case,
not based on over-simplification and assumptions. For example, Fischer and Arthur (which

Raup and Sepkoski agrees with) used a ""“limited data base and '°no statistical testing.

Raup and Sepkoski, by contrast, aims to use '*a rigorous methodology.

Attitudinal lexis is also found in the Implications section. Here an explanation the authors
favour is said to be *"*plausible while one they do not favour seems **incredible. Also, the

authors refer to themselves as “***favouring” a particular option.

Status in Raup a2nd Sepkoski
Status refers to how the writer includes the reader (Gerot 1995:104). As pointed out by
Myers (1989) there is a need in research articles to show politeness and deference to the

research community, which is represented by the readers. This is achieved by solidanty
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politeness (see reader-oriented hedges in section 4.1.3.2 below). This solidanty politeness
is necessary, Myers (1989) argues, because the assumption is that the individual researcher
is much less powerful than the research community. Thus, unusually amongst this selection
of texts, the reader 1s assumed to be more powerful than the writers are. The writers make
the text very acceptable to the readers by sticking closely to the conventions of the
discourse community: the vanous sections of a science research article, (introduction,

method, results, and discussion) as well as the referencing conventions.

4.1.3.2 Hedging in Raup and Sepkoski
In this section I look at the hedging in Raup and Sepkoski. Hedges express tentativeness

and can either be used to show a wnter’s lack of commitment to a proposition or a desire

not to express commitment (Hyland 1996a: 478).

Table 4.1.14: Hedging in Raup and Sepkoski

22a | It should be noted that the | Reader-oriented hedge. ‘Should be noted' denotes
composite curve in Fig 4 rises to a | obligation The imperative form is an FTA, which
fairly sharp peak, which is |is offset by the passive (i.e. person dong the
compatible with (although does not | ordering and person being ordered are not
prove) the proposition that mass | explicit). In the context of this article this is a very
extinctions are discrete events marked form because imperative.
23b | If extinctions resulted from [ A reader-onented hedge Passive: who would
continuous fluctuattons in | expect? Writers/readers/scientists/people in
background rate, a composite curve | general. It invites reader participation. The moda)
approaching a sine-cosine function | signals that because continuous fluctuations
would be expected. (which most readers probably support) is not
reflected in the graph, the concept must be wrong.
Combined with the conditional If ... this is a polite
way of indicating that an accepted idea 1s wrong.
24a | The curve in Fig. 4 may in facr | | regard these as reliability hedges: the writers do
represen/ a rather conservative | not really know but are providing as accurate an
llfustration of the abruptness of the | assessment as possible of the reality they describe
average extinction peak; much of
24b | s breadth may resuli from the
interval nature of the data
26a | If periodicity of extinctions in the | This modal verb, combined with conditional I ...,
geologic past can be demonsrrated | is a reader-oriented hedge (mitigates FTA to
readers whose research has shown no periodicity).
302 | Although none of these alternatives | This is either a reliability hedge (writers really
can be ruled out now, cannot rule out these alternatives) or a reader-
oriented hedge (mitigates FTA to readers by not
limiting their options). May play both roles - as
hedges are a “fuzzy set” (Hyland 1996¢:438)
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33a | Shoemaker has argued (21) that | In Halliday's (1994) terms should increase
passage through galactic arms | indicates obligation; could provide wdicates
should increase the comet flux and | probability. In this context these are both a way of

33¢c | this could, followmg the Alvarez | indicating prediction. 1 read both of these as a
hypothesis  (22) provide an | writer-oriented hedges - both Alvarez and
explanation for the ... extmctions Shoemaker are cited to back up the authors’ claim

35b | However much more information is | A reader-oriented hedge: they desire to mitigate
needed before definitive statements | the FTA of proposing an explanation at odds with
about causes can be made. the research of many readers who are in the same

field, so the authors limit the extent of their claim

36 It may turn out that the biological | A reader-oriented hedge: the writers leave the
record is sensitive to periodic | readers with some options and point out that their
phenomena own interpretation may be partly wrong.

5b Although the causes of the | A reader-oriented hedge: most research has not
periodicity are unknown , it is | reached this conclusion so most readers will not
possible that they are related to | agree with this; the hedge mitigates the threat to
extraterrestnal forces the face of readers.

6a Virtually all species of animals that | Reliability hedge
have ever lived are now extinct

8a Following this view, the extinction | A wrrter-oriented hedge: the writers distance
process is often described as a time | themselves from an explanation with which they
homogeneous process using ... do not agree

10a | Fischer and Arthur (4) departed | A wrnter-oriented hedge?
from convention by arguing that ...

22 ... the composite curve in Fig 4 | A reliability hedge: writers seek to state very
rises to a fairly sharp peak, which | precisely the extent to which fig 4 corresponds
is compatible with (although does | with the)r central knowledge claim
not prove) the proposition that

27 A first question is whether we are | A reader-oriented hedge: the writers invite reader
seeing the effects of a purely | involvement
biological phenomenon ...

28a | If the forcing agent is in the | Question invites reader involvement: reader-
physical environment, does this | oriented hedge. Also makes their favoured option
reflect an earthbound process or | conditional
something in space?

29a | If the latter, are the extraterrestrial | The question invites reader involvement: reader-
influences solar, solar system, or | oriented hedge. It also makes their favoured option
galactic? conditional

30b | we favour extraterrestrial causes. Reader onented hedge: the authors stress that this

s just their preference. Readers are given options.

322 | One possibility 1s the passage of | Reader-oriented hedge: gives the reader options
our solar system through ...

35a | However much more information is

needed

Reader-oriented hedge: admutting own limitation in
knowledge.

The analysis in Table 4.1.14 above indicates that more than half of the hedges in the

analysed text are reader-onented (i.e. function in mitigation of face threatening acts to

117
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readers). Not surprising is the fact that most reader- as well as most writer-oriented
hedges are in the Implications section: this is the section where the writers speculate and
have fittle or no evidence for what they say. They want to mitigate the FTAs of these
speculations and not be held accountable for some of the unconventional suggestions they
make It is also unsurprising that most content-oriented hedges are in the Discussion
section, since it is here that the authors assess the extent to which their data can be
explained by their model. Any deviations from this are likely to be expressed as reliability
hedges Table 4.1.]15 contains a count of the kinds of hedge in each section of thé article.

Table 4.1.15: Summary of hedging in Raup and Sepkoski

Hedges Abstract | Intro | Results | Method | Discussion | Implications | total
reader-oriented 1 2 10 13 59%
writer-oriented 2 2 4 18%
attnbute hedges 0
reliability hedges 1 3 4 18%
fuzzy-set' rehability | ]

or reader-oriented?

total 1 3 4 13 22

My analysis of textbooks and popular articles in the rest of chapter 4 will show that
research articles are unusual in containing many reader-oriented hedges. This difference
between research articles and other science writing reflects the different power relations in
these different texts. As mentioned above, in research articles the reader (research
community) ts more powerful and must be persuaded to accede to the writers’ knowledge
claims. If this attempt at persuasion is successful, the knowledge claim will be transformed
into a fact. In textbooks, as 1 show in the next section (i.e. 4.2), the situation is reversed,
and it is the writer who, in summarising the accepted knowledge (facts) of the research

community, is the powerful representative of that community.

In summary, this section supports Myers’ (1989) finding of wnter deference to the
research community in research articles, through what Hyland (1996) refers to as reader-

oriented hedges.

4.1.3.3 Evaluation in Raup and Sepkoski
Evaluation, the focus of this section, is a category that includes all meaning that functions

to express the writer’s opimion and value system, and construct and maintain relations
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between writer and reader (Thompson and Hunston, 2000:6). 1 begin in Table 4.1.16 by

considering evaluation in each clause (cf. section 3.2.5.4).

Table 4.1.16 Evaluatlon i} Raup and Sepkoslq followtng Hunston (1993, 1994)

Cla Achvﬂy | Source Mod.lﬁc.amn Certainty | value
use ! B o i}
Parggragh 1 ' | : -
la_ | event | writers o certain + accuracy | comprehensive
b | event | wrilers - certain + accuracy comprehensive
2a | event | wrters | | certain + accuracy | comprehensive
2b | result | writers | certain ;
3 result | writers | certain + reliable certainty
4 result i wrters | certain + reasonable | fit to other facts
(5a_ | _)R(Jll'le:als | writers unknown  unkmown | i )
5b hypothesis | writers | possible | possible Hypothesis ET
Paragraph 2
6a state fact | accepted | certain
(S . b T Y S— S I——
6b | state fact accepted cenain '
. . _information | B | -
7a | hypothesis | accepted | generally probable | hypoth gradualism |
I : B | information | assumed B o B -
7b state fact accepted probable
. | information | RO | N _ B PO
7¢ | hypothesis | accepled | simply | probable
.. information | S
8a state fact accepled following this | probable
| | information | view | I |
8b | event | statistical probable
. . methods _ .
9 hypothesis writers | increasing probable hypoth catastrophism
L evidence | - | _
10a  narrate event¥ | citation - | certain
10b  project o 1 _ i i i _:
10c  hypothesis citation arguing possible F&A hypothesis
| | (peripdicity 32n%a)
10d  result | ctaton - cerlain ! | fit to other facts
| lla_ assess _|_writers - certain - | com ‘comprehensive
11b  assess B \\nle's 1 “geﬂ:_-.\jn_'__- at,curat.\ - _coTprr lu,ns:w..
12a h)pot.hans writers certain Hypothesu is ¥ -—
SHIENS SRS (PSS | e __P'Eﬂﬂﬁc_i“.ﬁﬁmi_ ]
12b_| event | wnters | cerlain | +accurpey i comprehensive
Paragraph 27-29 _ = e b -
13 | describe | writers certain figure | < T T
_ figure I ]
14 describe writes’m certain | o
— _I_‘-l_g‘_lre e —— ———
| 152 | event  writers  leetan | | B - B
| 15b | event \m'gg_:_—_ o _certain B B i
16a | event writers ?nam B : -
| 16b | event wrters certain - R
17a_ | event _ writers certain | - o o
17b_ | event Cwrters certain T ==
18 evenl | writers T | cenain ] -
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19a | describe | writers certain + consistent | fit to data
figure =5 el
19b | describe | writers ' certain .
figure | !
20a | result | writers | certain + reliable certainty
20b  result | wrilers | certain + reliable | ceriainty
2la | assess | writers certain - reliable ) )
21b  interpretation | writers . | eertain | -reliable P
21c | interpretation | writers | - | certain B B
| | |
__2_1 E@Emﬁan _; writers [ |certain | |
22b | interpretalion | writers | | J:‘,I‘Ob&b]c: | + supportive | fit to theory
"22c | interpretalion | writers L | probable - ;
23a | interpretation | writers if  unlikely | i -
[ 23b | interpretation | writers would be un.hkel) - supportive not fit to theory
. | expected T S e T
24a | interpretation | writers may represent | possible | + reasonable Gt to other facts |
24b | interpretation | writers | may result | possible i
25 | interpretation | writers |  lcetamn | o
 Paragraph3d4 | = o <l R
26a | interpretation = writers If...can be | possible
_ I | demonstrated _ = )
26b | interpretation | writers | certain H -
27 | hypothesis wrters | whether | unknown | hypothesis earthly -
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Close analysis of evaluation in Raup and Sepkoski reveals that, in terms of status, the
writers are the source of almost every clause. This is very different from the source of
information in the other genres. As might be expected, items with the status of event or

result are always certain. The writers are certain about what they did, and about their
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description of results. It is only the interpretation of results and the writers’ hypotheses
about which they show any degree of uncertainty. Hypotheses may be unknown (such as
their own hypothesis of the extraterrestrial cause of extinction), possible (such as Fischer
and Arthur’s hypothesis of periodic extinction), or certain (such as their own hypothesis of
periodic extinction). Most of what the writers say in this article is certain. Only in the
Implications section does much of what they say become unknown, and possible, with
soine items being evaluated as probable. No items with which the writers agree are

evaluated as unlikely.

Interestingly, in reviewing the literature (which Raup and Sepkoski does in the second
paragraph), it 1s quite clear that the writers believe the assumptions of the literature to be
wrong. Yet these assumptions are not evaluated as unlikely or untrue, but rather as
probable. An example is located in clause 7a-8 in which instead of negatively evaluating
the gradualism hypothesis as unlikely or untrue, it is merely juxtaposed to (placed
immediately before) the catastrophism hypothesis which is positively evaluated as

reasonable.

Raup and Sepkoski advances two main hypotheses: periodicity of extinction, and
secondly, an extraterrestnal cause for these periodic extinctions. The first of these is well
supported with data, but the second is not, and is actually a speculation, which is found in
the Implications section of the article. In terms of Value, the first hypothesis ts positively
evaluated as "reasonable (showing a fit to the findings of other researchers, Fischer and
Arthur), "%accurate (the study being comprehensive in method), '*consistent (the findings
showing a good fit to the data), *reliable (the statistical tests indicating a high level of
certainty), **supportive (the results being compatible with the hypothesis), **reasonable

(when the incomplete nature of the fossil record is taken into account) and finally,

important.

These evaluations are repeated in summary in their abstract where the authors stress the
'accuracy (comprehensiveness) of the methods, the *reliability (statistical significance) of
the results, and the ‘reasonableness of the claims (in that they are supported by previous
findings/claims). Interestingly the first three sentences of the Abstract state the central

hypothesis/knowledge claim of the article in terms of events and results rather than
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hypothesis or interpretation of results. This knowledge claim/hypothesis thus appears in

the abstract to be entirely certain, rather than tentative and open to question.

The second, and less well supported, hypothesis of the article, that the extinctions may
have an extraterrestrial cause, i1s dealt with only briefly. This hypothesis is positively
evaluated as useful (in having explicatory power) and as reasonable (in being supported by
previous ideas on the subject). However, it is negatively evaluated for accuracy, since it

lacks comprehensiveness.

The ideas of others are more likely than the authors’ own ideas to be assigned negative
value by Raup and Sepkoski. For example, although the purpose of citing Fischer and
Arthur is to give weight to the authors® own study, it is negatively evaluated for accuracy
(in that their data and methods were not comprehensive): Thus Fischer and Arthur’s study
also functions to point to the gap in the field (Swales 1981), a gap which the Raup and
Sepkoski study fills. Similarly, options that they did not choose are negatively evaluated by
the writers. For example the tdea of extinctions as gradual rather than periodic is not

supported by the findings of the study:

BIf extinctions resulted from continuous fluctuations in background rate. **a

composite curve approaching a sine-cosine function would be expected.

In summary, the analysis of evaluation in this section reveals a text where negative
evaluation 1s sparingly used. On the one hand the writers want to convince readers of the
reliability of their methods and the truth of their own knowledge claims; on the other hand
they are motivated to evaluate the ideas of others positively out of deference to the
research community. The wnters’ own methods, results and hypothesis of periodic
extinction are evaluated as certain. Only their hypothesis of an extraterrestrial cause of
extinction is unknown. In line with the aim of deference to the research community, the
assumptions of the literature with which the writers disagree are evaluated as probable
rather than unlikely. A study with which the writers agree is negatively evaluated for

accuracy to indicate a gap in the field, which the writers fill in the present article.

4.1.3.4 Summary and overview of Tenor in Raup and Sepkoski
My analysis of tenor in Raup and Sepkoski reveals a text that is, on the one hand, abstract

and impersonal, while on the other hand it is highly persuasive. The abstractness of the
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text is reflected in the level of statistical analysis in the text and in aspects such as the
graph, to understand which a fairly high level of understanding of statistics is required.
The impersonality of the text promotes the appearance of objectivity through removal of
people by the use of passive constructions and nominalisation. The persuasiveness of the
text is achieved through evaluation and hedging, but also through some use of attitudinal
lexis. The authors are writing for a small group of researchers interested in the same field
of research as themselves, but also need to take account of the rest of the research
community who may take an interest in the work (Myers 1989). The readers are the
representatives of the research community and as such they must be treated with solidarity
politeness in order to persuade them to accept the findings of the article. The authors do
this partly through the impersonality, and ‘objectivity’ of the text, which in the cultural
context of science increases its truth-value, and partly through such devices as reader-
onented hedges. Negative evaluation is sparingly used as the writers have no wish to
evaluate their own methods and findings negatively and out of deference to the community

they do not evaluate the ideas of others negatively even when they disagree with them.

4.1.4 Summary and overview of Register in Raop and Sepkoski

In chapter 2, 1 discussed how Halliday (1993:56) describes the scientific register as
recognisable because of the effect of “clusters of features”. Amongst these are nominalization
of verbs and adjectives, extended nominal groups, a high proportion of relational processes,
technical terms, tentative language, causal and reasoning verbs, impersonal language and
passivization. These features are found to a marked degree in Raup and Sepkoski. Section 4.2,

which focuses on university level textbooks, will show that textbooks are very similar to this
research article 1n terms of register

Raup and Sepkoski employs embedded clauses 1o extend the nominal group to increase the
level of specificity of what is said, and to package central propositions into facts. These are
often imported from other texts and are often subjected to evaluative commentary sited in
the ranking clause Relational clauses are twice as common as material clauses in this text, and
section 4.2 will show that these are likely to be common in textbooks as well. Attributive
processes aftribute charactenstics while of the identifying processes, most show relations of
equivalence, with cause also being realised through identifying processes rather than through
the more congruent choice of conjunctions.
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In Raup and Sepkoski, human participants are removed from the account through the use of
the passive voice and nominalisation. This functions to establish that what is being said is
objective. As discussed in chapter 2, establishment of information as factual and objective
involves removal of time, place and the people from whom the information onginated. Raup
and Sepkoski remove themselves as agents, and thus use the passive, to make their knowledge
claims appear as objective as possible. They remove other researchers for reasons of politeness:
to avoid disagreeing with them (clause 7 and 8) or they imply that ideas they agreé with are

widely accepted by not attributing these ideas (clause 9).

The writer of the research article has the difficult task of appearing objective while at the
same time persuading the reader to accept the knowledge claims of the article. To appear
objective wriicrs of research articles must avoid the usual means of persuasion -
personalising the message and using overt attitudinal lexis. Part of the persuasion of the
genre lies in the appearance of objectivity (including removal of people), because an
appearance of objectivity is in itself persuasive to the particular group of readers to which
science wriung is addressed. Beyond this, persuasion is also found in subtle features such

as hedging, evaluation and very subtle attitudinal lexis.

4.1.5 Genre in Raup and Sepkoski

Genre (cf section 2.3.1) is what Thompson (1996:36) calls ‘register plus purpose...what
the interactants are doing through language. and how they organise the language event in
order to achueve that purpose’. In broad terms, in a research article the writer is trying to
get hus/her knowledge claims recognised as fact. To achieve this, as discussed in chapter 2,

research articles generally follow the Introduction-Method-Results-Discussion structure.

To which Raup and Sepkoski adds a final Implications section. Bazerman (1988) (cf. the
account given in section 2.4.1) discusses how the structure of the research article has
grown up to convince readers who have not themselves observed the work described in
the research article that the authors carried out the work in an acceptable manner and add
something new and useful to previous work in the field. Bazerman (1988) has shown
further that these four sections function to persuade the reader: the Introduction places the
work done within the context of other research in the area, and ideally it shows that the

work described is continuous with previous work done in the field. The Method section
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tries to convince the readers that the work was done in a way consonant with the methods
of research science: free from distortion, fit to observation, and close to non-lab

conditions (Hunston 1994). In the Results, usually represented as a graph, table or else

ynathematically, the writers aim to convince the reader of the relevance, significance and
repeatability of what they have done (Hunston 1994). The Discussion tries to convince the
reader of the writers’ interpretation of the results, that it has explicatory power and is fit to

expectation (Hunston 1994).

in the case of Raup and Sepkoski, the Abstract is a summary of the research article: clause
] and 2 summarise the Method, clause 3 and 4 summanse the Discussion section, and

clause 5 summarises the Implications section.

The Iniroduction i3, from the perspective of the Australian school (e.g. Butt et al
1999:20) a discussion: clause 6 is an introductory statement, clauses 7-8 contain
arguments on the side of gradualism, clauses 9-12 contain arguments on the side of
catastrophism. The authors juxtapose these two arguments and place them in explicit
opposition to each other by use of the adversative conjunction ‘however’ in clause 9 They
aim to shcw that although not in agreement with gradualism, they follow on the tradition

of workers such as '®*Fischer and Arthur, but fill a gap by using more rigorous methods

The best fit cycle (Method section) is a recount (Butt et al 1999:18): clauses 13-14
contain the orientation and clauses 15-18 present how the authors did the research and
what they did, in the order in which it was done. The authors remove themselves from the
account by the use of agentless passives, attempting as far as possible to indicate that what

was done is repeatable and not dependant on tiroe place or person.

The Discussion is exposition (Butt et al 1999:21). clause 19 is position statement, and
clause 20-25 i1s a series of reasoned arguments supported by evidence. The authors
attempt to persuade the readers that their own results are reliable and fit their theory, (see
my analysis of evaluation and table 4.1.16). They try to convince the reader that other

interpretations of the data are not reliable:

2 . . . .
"“Other cycle lengths give less significant results *""and the composite curve dereriorates
into an irregular, non-unimodal curve (noise) *'“when the cycle departs substannally from
the best-fit cycle.
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Finally, the Implications section has elements of discussion and exposition. It is briefly set
up as discussion in clause 26-29 with two sides of an argument presented. However in
clause 30-36 it becomes exposition with the authors arguing for their opinion (an

extraterrestrial rather than earthly cause of mass extinction).

As this article is not unrepresentative of research articles in general, we can conclude that
research articles contain discussion, recount and exposition, but that these are likely to be

associated with particular sections.

This brief discussion of genre in Raup and Sepkoski has thus shown that, as indicated by
Bazerman (1988), all sections of the article work together to persuade the reader to accept
the writers’ contention, in this case that mass extinctions. *show a statisticallv significant
periodicity (P < 0.01} with a mean interval between evenis of 26 million years. The
Introduction shows the reader that the work is situated in a tradition of similar work but
that it also fills a gap in previous research. To persuade the reader of the repeatability of
the work and that it is not peculiar to the researchers, the Method describes what was
done. The Discussion presents argumnents to show how the results can be explained by the

writers’ hypothesis that mass extinctions have occurred every 26 million years.

4.1.6 Ideology in Raup and Sepkoski

In the Raup and Sepkoski article the world-view projected is one which combines
mundane exactness with, from any perspective but a modern scientific one, a strong, but
never admitted, element of the fantastic. The world of the article is one in which precise
quantification of the deaths of remotely distant organisms is possible. The deaths of these
organisms are mapped not only onto the fossil record over an unimaginably large time
scale, but onto graphs, and subjected to the *rigorous methodology of statistical tests. As
pointed out by Latour and Woolgar (1979) and Pinch (1985), evidence in science is often
at several removes from what is being proved. It is impossible to measure mass extinction
directly, so the rate at which species died out becomes the measure of this. Once again this
is impossible to measure directly, so the measure of fossils becomes the measure of thys.

This is tested statistically, introducing a further remove from what is being measured.
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In the uncertain disaster-ridden world of the article, the idea that “virtually all species of
plants and animals that have ever lived are now extinct, (first sentence of the
Introduction) is presented as unremarkable and uncontested fact (no citations necessary to
support this idea, and it is unhedged). As partially new information the reader is told that
these extinctions are likely to have happened as massive periodic extinction events, The
tone in purveying all these ideas is entirely factual, and unexaggerated. Authorial presence
is almost absent, and human participants are few. Authorial presence is felt only in the final
section, which makes the even more fantastic suggestion of an extraterrestrial cause for
periodic mass extinction. In spite of modality and hedging, this final section remains
factual and understated. The authors entirely ignore the sensational, ‘newsworthy’
potential of what they sav. The field has similarities with that of many disaster films, but

the mcde and genre could not be more different.

The text is factual in tone, and for the most part what it says is factual in the sense of
being well supported by evidence Facts are meticulously backed up with evidence: either
data, statistics or citations; there is no instance of appeals to undefined authorittes as in “it
is well known that” or “scientists now accept that..” However fact as behef i1s not
excluded from the article (““®*We favour extraterrestrial causes”). The use of extensive
hedging in the Implications section allows the writers to advance tdeas that are belief or

speculation rather than knowledge.

At the interpersonal level, the anticle is very impersonal. In the world of the text personal
language 1s a signal of weakness at the level of either reasoning or evidence. There are
three functions served by personal language mn the article. One of these is achieved
through citations. From one point of view these can be said to bolster the writers’ case
(which implies a perception of weakness in their argument by the authors). From another
viewpoint citations are not a sign of weakness, crediting ideas to their onginators is
necessary, if the writers failed to cite the origin of ideas this would be akin to claiming
them for themselves and would not be tolerated by the discourse community. A second
function served by personal language in the article is the solidarity politeness in we in
clause 27. This has been viewed by Myers (1989) as an attempt to draw the reader into an
idea/viewpoint, elicit the reader’s involvement in an idea/viewpoint. Once again this can be

interpreted as stemming from the authors’ perception of weakness in their argument. The
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third function served by personal language is limitation of belief to the authors, once again,
as Myers (1989) points out a sign of weakness of argument in that the authors fee] it
would be interpreted as an FTA if they assumed that readers shared the belief.

The intended readers of the article are a highly select group in 2 number of ways. Firstly,
the readers are a group who can decode the specialised language of the article. This
includes, most importantly, the statistics, but also the technical terms, the high degree of
nominalisation, and the meaning of the interpersonal language, including solidanty
politeness. The readers are people who do not read the article as a dry-as-dust account of
a story that would have been sensational if differently told, but rather as an interesting
addition to an area of research they are already familiar with: ‘the Alvarez hypothesis’ of
an extraterrestnal rather than earthly cause for extinction. Much is not made explicit in the
article so the readers share with the writers a number of concepts and beliefs about the
nature of the world, its age, evclution, the fossil record, the geological record, etc.
However the intended readership is even narrower than this: the intended audience of the
article seems to be those geologists, palacontologists, biologists and astronomers who are

working in this particular field.

In summary, this article confirms the characterisation of the research article by Myers
(1989) and Bazerman (1988) as persuasive in function. The purpose of the article is to
gain acceptance by the research community (represented by the reader) of the idea of
periodic mass extinction at intervals of 26 million years. To be persuasive Raup and
Sepkoski must conform to the ideology of science in which impersonality implies
objectivity because it removes individual people and particular instances of time and place
from the account and makes the knowledge claim universal and factual. To be persuasive
they must also show deference to the community. This involves the writers in the difficulty
of being objective and impersonal while being persuasive (usually achieved subjectively).
This the writer of a research article solves through solidarity politeness (reader-oriented

hedges), subtle attitudinal lexis, and subtle evaluation found in modal adjuncts, modal

verbs and attributions.
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4.1.7 Summary of the chapter

As Myers (1989) has pointed out, the reader of a research article represents the research
community, which is more powerful than the individual researcher i.e. the wrter. The
research article thus needs to persuade the reader to accept the writer’s argument. Such
persuasion is achieved in research articles, unusually, through writing that is highly
impersonal, objective, and abstract. Impersonality in Raup and Sepkoski is achieved
through the dearth of humar participants combined with the high level of nominalisation
and passivisation. This impersonality, combined with features such as packaging significant
propositions and hypotheses into fact clauses (making them less negotiable) creates an
impression of objectivity. Abstraction is evident in the fact that most meaning is construed
through identifying rather than matenal processes, the high level of nominalisation with
processes construed as nouns and logical relations construed as verbs, the technical and
statistical 'anguage used, and the fact that the only ‘illlustration’ 1s a highly abstract and

objective form, the graph.

Because of the cultural context of a research article 1 argue that the impersonality and
objectivity of the text function to persuade the reader that the writer is being objective and
factual. Because objectivity is an ideological necessity in science it contributes to persuade
the reader that what is said is true. Besides this, persuasion is evident firstly in the thematic
development in which marked thernes are used to guide the reader in what is important in
the writers’ argument, and use of internal conjunctions to guide the reader to accept the
writers’ explanation. It is also achieved tn attitudinal lexis and also in various ways of
being polite to readers. These include solidarity with readers in use of technical language,
use of reader-onented hedges such as omission of agent when the writers want to criticise
the ideas of other researchers, sparing use of negative evaluation of their own work or that

of others, and strict adherence to the conventions of the research article.
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4.2 The textbook genre: An extract from a first year geology
textbook, including comparisons with a textbook for advanced
students and a textbook for non-scientists.

4.2.0 Introduction
4.21 Fieldin Duff
4.2.1.1 Human participants in Duff
4.2.1.2 Processes, panicipants and circumstances in Duff
4.21.3 Summary and overview of Field in Duff
4.2.2 Mode In Duff
4221 Theme in Duff
4.2.2.2 Nomilnalisation and embedding in Duff
4.2.2.3 Passivisation in Duff
4.2.2.4 Conjunctive relations in Duff

4.2.2.5 Summary and overview of Mode in Duff
423 Tenorin Duff

4231 Contact, affact and status in Duff

4.2.3.2 Hedging in Duff

4.23.3 Evaluation in Duff

4.2.34 Summary and overview of Tenor in Duff
4.2.4 Summary and overview of Register in Duff and other textbooks and comparison

with research articles

425 Genre in Duff and other textbooks
4,26 Ideology in textbooks
427 Summary

4.2.0 Introduction

In my examination of textbooks as a genre, 1 began by analysing extracts from three
textbooks in detail. These three textbooks were selected as being pitched at different
levels and at different groups of readers. The first textbook, and the one I trear as
excmplary and examine in detail in this section, is a first year geology textbook, which,
as with Raup and Sepkoski before, I refer to by its author’s sumame; Duff. The reader
can consult the entire original text of the article by folding out page 9-11 of the appendix.
A second textbook, by McGhee (pages 13, 15 and 17 of the appendix), is a textbook for
more advanced students of geology, those in their second or third year of study, or even
at postgraduate level. The third textbook, by Trefil and Hazen (appendix pages 19 and
21),is an unusual textbook in being written for non-scientist students in a ‘Great ideas in
Science’ course. These three textbooks show many similarities, with similarities between
Duff and McGhee being especially marked. Therefore, for reasons of economy, and to
avoid repetition, I have chosen to focus on Duff. I refer to McGhee and Trefil and Hazen
only where tney differ from Duff. Differences between the three textbooks can be

explained largely in terms of their different readers. That is, differences are largely
interpersonal.
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As in my discussion of the research article genre in section 4.1, in this section I consider
the context of situation, or register, of the textbook by analysing the text in terms of Field
(in 4.2.1), Mode (in 4.2.2) and Tenor (in 4.2.3). I then go on in section 4.2.5 to consider
the context of culture, or genre, of the text, before moving on to a consideration of
ideology in 4.2.6. The analysis indicates similarities between textbook and research
article in terms of register. Like the research article, the textbook establishes objectivity
(and thus high truth value) by remowving people from the account. This 15 achieved
through passivisation, nominalisation, extended nominal groups, use of technical
language, and abstraction. Register diffeiences are, however, found at the interpersonal
level in that, 1n contrast to the writer of the research article who 1s assumed to be less
powerful than the reader, the writer of a textbook is an expert and thus relatively more
powerful than the reader. Although similar at the level of register, research articles and
textbooks are very different in terms of genre. As discussed in section 4.1.4, the research
article most commonly follows the Introduction-Method-Results-Discussion structure,
while the textbook combines a number of genres (used in this instance in the sense

common in the Australian school) including Information report and Explanation.

4.2.1 Field in Duff

In this section 1 consider human participants separately before moving on to a
consideration of processes, participants and circumstances. Because the function of the
Duff text is to acculturate first year students into the discipline of geology, focus is not on
extinction of the dinosaurs but, rather, on how theories of the nature of evolution, and the
part played in this by extinction, have developed. This theme is developed in a highly
abstract way, with matenal and verbal as well as relational processes expressing meaning
to do with ideas rather than things or people. The abstraction and ‘writtenness’ of the text
is increased by the siting of the discussion of the nature of evolution in clauses embedded
in the nominal group and in circumstances. This makes these meanings less negotiable
than if they had been sited in ranking clauses. The text is highly impersonal, with few
human participants, and those human participants that are found are largely generic
references to scientists. This reflects the ideology of textbooks, that ideas are more
important than who discovered them. Within the culture of science the impersoratity of

the text also serves to increase its objectivity.
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4.2.1.1 Human participants in DufY

As in the research article by Raup and Sepkoski, the paucity of human participants adds
to the impersonality and apparent objectivity of this text. By cootrast with Raup and
Sepkoski, most of the references to human participants are generic: geologists and
palaeontologists, both nineteenth century and present day. As discussed below (section
4.2.2.3, Passivisation), textbooks appear to contain all the findings that scientists make
without the inclusion of the scientists themselves. The facts are central, not who
discovered them. In an instance that is in my experience very unusual, the only human
participant in a major specific role in Duff is the writer of a popular book/article the

American writer S.J. Gould.

Table 4.2 1: Human participants in Duff

3 one favoured earlv in the nineteenth century by French |

geologists in particular [ mental]

Minor, generic

17 Some palaeontologists while accepting ... would resist [ mental] | Major, generic

182 | many [palaeontologists] would maintain [ verbal] Major, generic

19 | the American writer S.J. Gould has developed. [ material] Major. specific

McGhee, the textbook for advanced students, differs from Duff in that there are a number
of specific human participants, although these are included in the highly impersonal form
of citations. An example from McGhee is-

% Jablonski (1986a) noted that the Lazarus cffect appears worst for the Late Permian
event.

This is a reflection of the more advanced level of reader for which McGhee is intended.
Readers of McGhee are more advanced undergraduate or postgraduate students who may
be referred to the texts most highly valued by the discourse community' research articles
This indicates the greater level of integration into the discourse community of these
readers. Like Duff, the textbook for non-science students, i.e. by Trefil and Hazen,
includes mainly generic references to scientists but, in contrast to Duff, also mentions
Walter and Luis Alvarez as personalities (a geologist and ... a Nobel laureate in phvsics),
it does not refer readers to their prestigious writings. In this it is similar to popular texts.
In all three textbooks impersonality results from the fact that in textbooks, who first
discovered an idea is of marginal importance compared to the idea itself. Researchers are
uncoverers not inventors of reality. Latour and Woolgar’s (1979) suggestion that how we

construe reality plays a large part in our perception of what is real/fact is not recognised
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in this system of values, in which there is assumed to be an objective truth that can be

uncovered given enough research.

4.2.1.2 Processes and participants and circumstances in DufT

In this section I report on the function of material, relational and verbal processes in this

text. I consider extensions to the nominal group through embedding. Finally, I comment

on the circumstances employed in Duff. I begin by listing the partictpants, processes and

circumstances in Duff in Table 4.2.2.

Table 4.2.2: Processes, participants and circumstances in Duff

Actor Material Goal Circumstance
1 The stratigraphic may proceed without any ... interpretation
use of fossils ... of ... evolution.
4 by notions of was catastrophism with the emergence of
gradualism. challenged evolution ...
Sb to anse from ancestral stocks
by gradual changes
5¢ unsuccessful forms | died out over variable periods of time.
7a Palaeontological have with... intensity ... this
researches proceeded century.
7o many of the gaps ... | remain in spite of these efforts
8 have been the ...boundanes in the
reinforeed stratigraphic column
9 is linked a process ... called with moderm support for
punciuated evolution calastrophism
10a | by macs extinctions | ace ended Long periods of little change
in ... forms
10b | by forms which are taken over | the vacated ecological niches
have diversified ..
11 has been paid | Much attention
10 the K/T boundary (=
beneficiary )
13 by an enrichment in | is marked the boundarv
._iridium.
18b | these repuiles had been gradually
dving oul for some time
19 bv ... S.). Gould has been the case for mass extincuons | recently
developed by catastrophe... in ... Wonderful Life
Senser Mental Phenomenon
3a were thought | Diverse forms
17 Some would resist catastrophism and
palaeontologists instantaneous extinclions.
saver verbal Verbiage/range
6a was It FACT
maintained
15a is maintained | It FACT
16a 1s debated The topic hotly
16b is pointed out | It FACT
18a | many would that ... (FACT) With regard to the K/T
mainiain boundary
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Existential Existent
6a there were gaps 1n the fossil record with sudden changes 1 fossil
content
token intensive value
2 the factors have been the subject of debate ... for the last rwo centuries
controlling ... (acuve)
change
3 that of extinction by | was (passive) | the sirmplest interpretation of
catastrophe the extinction ...
15b | the catastrophic ... being the reason for much fife ...
effects becoming extincl.
token circumstance | value
12 examination of clays | as shown some chemical and At a number of places...
mineralogical peculiandes.
14 in the fact that ... lies The significance of this
FACT anomaly

Table 4.2 .3 below contains a count of the number of processes of each type and compares

this to the numbers of each sort of process in McGhee, Trefi] and Hazen, and Raup and

Sepkoski. Most processes in this text are material processes, and in this, Duff is unusual
when compared to the other three texts in table 4.2.3, which have double the number of

relational processes compared to material processes, A greater number of relational

processes is evidently more common in this register. This is confirmed by Halliday’s

(1994:65) discussion of the language of science.

Table 4.2.3  Processes in Duff compared to other textbooks and research article
Materal Existential | ldentifying | Attnbutive | Verbal Mental | Behav | Total

Duff 14 (52%) | 1 (4%) 5(09%%) 2 (7%) 5 (19%) 29
McGhee | 15 21%) | | 15 (21%) | 25(36%) |8(11%) |5 ] 70
Trefil & 10 30%) |1 9 (27%) 6 (18%) 3 4 33
Hazen :

Raup & | 16 (23%) | | 22 31%) | 16 (23%) |4 6 15 70
Sepkoski [

In broad terms, Duff is not about providing the reader with an account of the latest

theories about what happened to the dinosaurs and what light this sheds on the rate of

evolution. Instead it is concerned to “acculturate students into the mode of enquiry of the

discipline and establish a cognitive model for the discipline” (Love 1991:91). The focus

is thus on the development of theories of the nature of evolution and the sole of the fossil

record in this development. The writer is less concerned to provide detail than to sketch

broadly the development of the discipline for the reader. It is thus the development of

theories that is central in Duff, not the living things and how they were affected by an

asteroid. Where the text does refer to living things, it is very detached; living things are in
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general referred to as ‘forms’. Even the theories themselves are held at a distance and

referred to as *notions, *interpretation, ‘idea, Yithe case, *the subject of debate

Material versus relational processes in Duff

If we look at the material processes in this text, it is clear that the text is about the ebb
and flow or growth and decay of ideas about the nature of extinction and evolution: may
proceed, 10 arise, died out, have proceeded, remain, have been reinforced, are ended, are

taken over, had been dying out, has been developed.

Material processes may reasonably be expected to deal with the physical world and to
represent happenings in the real world; but almost all material processes in this extract
focus on ideas, which we may reasonably have expected to see realised in relational
processes. If we look at Table 4.2.3 we see that, of 15 material processes in the extract,
only 5 (in clauses 5¢, 10a, 10b, 13 and 18) deal with the real/physical world. Examples

. 1
are: *“unsuccessful forms died out, '*

these reptiles had been dying out.

On the other hand the material processes in clauses 1, 4, 7a, 7b. 8. 9, 11 and 19 actually
deal with ideas and abstractions. Examples are:

‘catastrophism was challenged by notions of gradualism; *linked with modern support _for

catastrophism is a process which has been called punctuated evolution.

So, although half of the processes are material, most of these materal processes express
meanings in the realm of ideas/abstract relations, not the physical world. They are similar
in this to the identifying processes in the extract, and serve functions that would usually

be construed though identifying processes i.e. the expression of 1deas and concepts.

Verbal processes

The verbal processes in the extract are interesting in that three of the five (in clauses 6b,
152, and 16b) are ‘impersonal’ projections where “the ‘process’ is not really a process at
all, but simply a way of turning a fact into a clause™ (Halliday 1994:271). They thus
function to package information into facts. An example is:

13350 it is maintained that the Earth was hit by an exira-terresirial body.

So verbal processes, like matenial clauses are used primarily to convey ideas rather than

the utterances of people, which is their more usual function. Like the use of materal
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processes to convey abstract meanings, this use of verbal processes to convey ideas also

contributes to the abstractness of this text.

Embedded material in Dufl

A third element making this text abstract is the embedding of ideas on evolution within
nominal groups and adjuncts. In fact, the writer never directly addresses the question of
evolution and what it is. Instead evolution is discussed and elaborated on in embedded
clauses. It is first mentioned in clause 1 in a circumstantial adjunct:

Ywithout any theoretical interpretation of the nature of evolution.

The writer then proceeds to repeat the concept of evolution in different words no fewer
than three times as embedded phrases (clauses 2, 3 and 4), and elaborates the meaning of
evclution in a further four embedded clauses (clauses 5a, 7b, 9 and 10b):

*the factors {controlling biological change)

3Perhaps the simplest interpretation {of the extinction of faunal and floral assemblages}
*with the emergence of evolution {as a dominating idea in biological change),

*eradual changes {imposed by physical conditions and bivlogical competition; }

Pmany of the gaps {{marking sudden extinctions followed by sudden increases in the
rumber of forms (referred o as radiations)}}

®a process {{which has been called punctuated evolution. }}

'®by forms {{which have diversified in relatively isolated areas.}}

Because discussion of the nature of evolution is embedded in nominal groups and
adjuncts, the text is shot through with (embedded with) a discussion of the nature of
evolution, but the topic is never directly addressed. Siting the discussion of evolution
within embedded clauses makes it less negotiable. The reader is less able to challenge
what is sald about evolution. Only the ranking clause is available to challenge by the
reader (Martin 2000b: 295):

"%®the vacated ecological niches are then taken over by forms ((which have diversified in

relatively isolated areas)). Are they? (not ‘have they?’)
This 1s not to imply that the writer expects any objection from the reader to the concept of

evolution; rather the text is about the broad development of these ideas of evolution,

rather than about evolution itself.

Citing this discussion of evolution in embedded clauses also makes the text much more
abstract. The topic of the text 1s gradualism versus catastrophism, and these are direct
participants in the text:

*Perhaps the simplest interpretation ... was that of extinction by catastrophe.
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* catostrophism was challenged by notions of gradualism.
However, if we wish to compare catastrophism and gradualism, it is our concept of

evolution and which concept of evolution we find the more convincing model that is
important. Ignoring all the embedded material would provide the skeleton of the text -
that there are two sides to the debate, and what they are. However, if we want to
understand the subtlety of the argument put forward by the text we need to take account

of the embedded material.

In McGhee, the textbook for advanced students, the abstractness of the text is increased
in a similar way. Like Duff, McGhee operates at one remove from its apparent topic: the
Cretaceous mass extinction. The extract is not primarily about a meteorite impact cause
for the Cretaceous mass extinction. These material meanings concerning real world
events (e.g. mass extinction) are sited in clauses embedded in normunal groups and
circumstances, indicating that the writer views them as non-negotiable/given/fact. Instead
McGhee is about what various researchers have thought and said about the possibility
that the Cretaceous mass extinction was caused by meteorite impact, and the evidence

they have advanced.

Comparison with Trefil and Hazen

I have characterised both Duff and McGhee as highly abstract. In both these texts the
writer is addressing readers who are to varying extents already ‘members of the
Discourse’ (Gee 1990) of geology, and have some intention of becoming Geologists.
However, it is worth mentioning that not all textbooks are like this. Trefil and Hazen
represents the other end of the continuum of university textbooks. By contrast with Duff
and McGhee, Trefil and Hazen is a textbook addressing non-science students who have
no intention of becoming Geologists or ‘members of the Discourse’ of Geology Trefil
and Hazen has some similarities with popularisations and books for children in that it is
not abstract, has few technical terms or nominalisations, and is lexically simpler. It has
little grammatical metaphor- unlike Duff and McGhee. the material processes in Trefil
and Hazen congruently express meanings in the real physical world: these concern the
asteroid hitting earth and its impact on living things. To a far greater extent than the other
two textbooks, Trefil and Hazen is about happenings at the end of the Cretaceous rather
than ideas or evidence. In this it is most like the books for children of the three textbooks.
The mental and verbal processes indicate debate (compared to Duff where they are just as

likely to express concepts), while the relational processes express quite a lot of
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evaluation, with importance attached to being famous and amazing (values found in
popula- science texts). Thus this text shows some similarities to the popular texts in this
study as well as sharing values with research science. Trefil and Hazen is more ‘spoken’
than the other two textbooks, having less passivisation and more human participants. We
can characterise it as being to some extent a popularisation itself, as its projected

readership is non-scientists.

Circumstances

As is found in other texts in this study, circumstances of duration (*over variahle periods
of time), place ('2At a number of places throughout the world) and manner (*°by gradual
changes imposed by physical conditions and biological competition) are important.
However, time is less prominent than in other texts presumably because the readers are
presumed to have an awareness of this already. Unusually, circumstances of
accompaniment are common, and three of these concern the very conceptual discussion
in the text of theories of evolution (‘without any theoretical interpretation of the nature of
evolution; *with the emergence of evolution as a dominating idea in biological change,
*with modern support for calastrophism). So in the circumstances in this text, as in other

features, this analysis reflects Duff as a discussion of the development of ideas.

Table 42.4  Circumstances in Duff chmpared to other texts

Duff McGhee Trefil & Hazen | Raup & Sepkoski
Extent: duration 4 20% 6 22% 2
Location; place 3 15% 9 33% |2 2
Location: time 2 2 9 47% 2
Manner 4 20% 3 11% 4 21% 3
Cause 1 )

| Contingency 1 1 1

Accompaniment 4 20% 1 1
Role 3 11%
Matter 1 1 2
angle ]

20 27 19 10

4.2.1.3 Summary and overview of Field in Duff

This examination of processes and participants in Duff has shown that, compared to
McGhee, Trefil and Hazen and Raup and Sepkoski, Duff has very few relational clauses,
and a larger proponion of material clauses. However, a closer look at these material

clauses indicates that most material clauses express meanings to do with ideas rather than
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with real world happenings or things. Duff therefore treats ideas as if they were things.
Adding to the impression of the text as impersonal and lacking in human participants,
there are few verbal or mental processes. Of the mental processes that there are, some are
actually ‘impersonal’ projections — merely a way of tumning a fact into a clause. A very
interesting feature of this text is the way that meanings to do with evolution are
embedded in extended nominal groups and adjuncts. Together with the fact that ideas
(rather than happenings and utterances) are expressed in material and verbal processes,
this makes Duff a very abstract text. The readers of this text, as first year geology
students, are expected to have already attained a fairly high level of literacy in the
discourse of geology, and the experience of reading Duff extends this literacy further. To
be the reader that Duff projects, entails understanding lexically dense, abstract
impersonal text. To a fairly marked extent, Duff ‘recognises’ the readers as ‘members of
the Discourse’ (Gee 1990).

4.2.2 Mode in Duff

In this section, under the categories of theme, nominalisation and embedding,
passivisation and conjunctive relations (precisely the same categories I employed in 4.1.2
in my analysis of Mode in Raup and Sepkoski), I report on the ways in which Duff has
chosen to organise the message. My analysis shows that Duff uses both theme and
conjunctive relations to emphasise to readers the distinctions he is making between 1deas.
On the other hand, through use of nominalisation and passivisation Duff buries the people
behind the ideas making a highly impersonal and, thus, in the value system of science,
objective text.

4.2.2.1 Theme in Duff
Duff uses marked topical themes (mainly ‘heavy’ themes and adjuncts) and contrastive
textual themes to signal to the reader that there are many present and past voices on this

topic. This is an area where consensus has not been reached by the scientific community.

Because there are equal numbers of passive and active processes in this text, a goal in
thematic position cannot really be regarded as marked. So for the purposes of this text, I

will not regard passivisation as associated with markedness.
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Table 4.2.5 Theme in Duff
textual _interpersonal | topical Markedness*
1 | The stratigraphic use of fossils {for purposes of ‘heavy’ theme
| ) | correlating rocks ...} ]
Z But - for the last two centuries P, C:rcu.m time
3 ] Perhaps the simplest interpretation {{of the extinction f heavy theme;
faunal and floral assemblages, and favoure condition -
N N by French geologists ... }} o hypothetical
4 On the other with the emergence of evolution f{as a | Circumstance:
| hand, dominating idea in biological change,} contrast
52 ~ —Diverseforms - _passive
S5 | sucessful forms o
6a Wherever there were gaps in the fossil record with [ B clause as
| sudden changes in fossil content, | theme
Ta - [Palaeontological researches ot
7o but “Pn spite of these efforts Textual
(I . | _ _ . contrast
8 Thus ' the major boundaries {in the stratigraphic , Passive; cause
_ - 1 B c_c>h_1 mn (see Table 7.1)} ¥
9 Linked with modem support for catastrophism Marked pred
and circum.
L B R .  theme
10a Long periods {of little change in wi#spread ' passive
- | foms .
10b  and the vacated ecologxcat niches passive
11 - L | Much attention mpasswe
12 At_a_number of places throughout the w . Circ: place and
_ - | {{including the oceans, ...}} jeavy theme
13 In particular _.me boundary Passive,
: adjunct:
1
4 . Thesignificance of this anomaly i
| 152 So | it[verbiage] L _/ﬂse
156 - __ the catastrophic and climate effects_ -
16a o ) | Ihqtgplc - - j_Jga_ssive
16b _ 1 1t [verbiage] - - ~ Passive
17 L _Some palaeontologists B
182 = L | With regard to the dinosaurs and _ - _ circumstance
18b 1 these reptiles _
19 On the other the case for mass exfinctions by catastrophe Contrast;
hand {involving ... the survival of the luckiest} passive;
‘heavy' theme

Notes on Table 4.2.5;
nominalisation: ilalics; clause as theme: bold. marked theme: underlined: { } embedded phrase: {{ }}

1,

2.
3.

embedded clause.

* In this column 1 signal the markedness of themes using Gosden's (1992) categories.
Double boundary lines indicate paragraphs

As notec in the analysis of transitivity ig 4.2.1, this text is about ideas: what ideas people

have had about evolution and influences on it over time, and how, when and why they
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have changed them. The writer makes frequent use of marked themes to signal the stages
of this argument and make the changes in ideas, and reasons for the changes clear to the
reader. The writer starts in clause 1 with a marked heavy theme that posits one reasonable
“\stratigraphic use of fossils’. That this is a use that is not 1o be the topic of the present
discussion is immediately clear in the theme of the next clause, which is marked by both
a contrasting conjunction and a circumstance locating the discussion in real time:

2But for the last two centuries. ..

In clauses 3 and 4 we have two opposing viewpoints and this opposition is marked with
heavy themes in both clauses. In clause 3 we have a hypothetical conditional combined
with a heavy theme. New material Cand one favoured by French geologists in particular)
is imported into the theme, to further mark the clause and stress the group to whom this
opinion was limited: *Perhaps the simplest interpretation of the extinction of faunal and

floral assemblages, and one favoured by French geologists in particular.

Clause 4 is once again marked with a contrasting textual theme, and a conditional
circumstance attached to this opinion: ‘On the other hand, with the emergence of

evolution as a dominating idea in biological change. ..

Clause 5 continues the explanation of the argument started in clause 4. Clause 6, with a
clause in marked thematic position, alerts the reacder to the possibility that what foliows is

a faulty argument:

SWherever there were gaps in the fossil record with sudden changes in fossil content,

The theme in clause 7a maintains the idea of research set up in the preceding rheme, but
in clause 7b, the reader ts brought up short by two contrastive elements: a conjunction

and a circumstance: “but in spite of these efforts.

The textual theme ‘7hus’ in clause 8 stresses the result of what was said in clause 7.
Clause 9 once again has marked theme indicating emphatic addition. The theme of clause
10 explains the ‘punciuated evolution’ from the previous rheme. A new element, the K/T
boundary, is introduced in the rheme of clause 11. A marked circumstantial theme,

foregrounding the site of findings about the K/T boundary, is found in clause 12. The
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topical theme of clause 13 maintains ‘the boundary’ as theme but the clause is marked by

the textual theme, “In parficular’, which signals emphatic addition to the previous clause.

Clauses 14, 15, 16 and 17 are unmarked. Clause 18 has a circumstance, specifying the
conditions of what follows, in marked thematic position:

"8With regard to the dinosaurs and K/T boundary.

Clause 19 is marked by a textual theme contrasting what is to be said in clause 19 with

what was said in clause 18.

Circumstances of time and place in marked thematic position are a strong feature of Duff.
With these marked themes, Duff is concerned to sketch out in broad strokes for the reader
the changes in ideas, and the reasons for these changes over time. These differences and
charges are signalled by use of circumstances as marked themes and contrastive textual
themes. These broad strokes are consonant with the fact that the readers are first year
students and must be given a broad overview of the field. This contrasts with the McGhee
text whose readers are students in later years. They already have the broad overview and,
instead, are provided with a discussion of the evidence for the impact hypothesis in close
detail. McGhee thus gives a detailed account of the research that has been done on the
matter. The thematic development correspondingly alternates between maintenance of
theme (keeping to the same theme as in the preceding clause) and progression of theme

(selecting a constituent form the preceding rheme as theme) (Thompson 1996:141).

Thus on the whole, through use of marked topical themes, and of textual themes, many of
which serve a contrastive purpose, the writer is at pains to signal to the reader the many
‘voices’ it the argument, who thought what, and what their reasons were. This stresses to
the reader that this i1s a topic where consensus has not been reached by the scientific
communiry, and makes it emphatically not one of those texts where science is represented
as “established, -permanent, incontrovertible fact” (Lemke 1990:137).

4.2.2.2 Nominalisation and embedding in Duff

The following analysis indicates that both nominalisation and embedding contribute to
the highly “written’ nature of Duff in that both contribute to place the burden of meaning
of the text in the nominal group. In congruence with the use of material and verbal

processes to express conceptual rather than physical meanings, nominalisation functions
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to foreground ideas and remove people from the account. As discussed above under

transitivity (section 4.2.1), embedding functions to increase the abstract nature of the text.

Nominalisation in Duff
The following 30 different rominalisations are found in this 540 word extract:

'Use, 'interpretation, ‘evolution, Sinterpretation, *extinction. *assemblages, “extinction,
E 4 . E) .

‘emergence, ‘evolution, ‘change, ‘catastrophism, ‘gradualism, *forms, changes,

Scompetition, ®preservation, intensity, "extinctions, ®increases, "forms. "radiations,

Sdecline, ‘radiation, Sdecimation. *support, °catastrophism, ‘evolution, '®forms,

. . . . . R . 14 . .
Narention, “*sedimentation, “Zexaminanon, 'zeecuharmes, Benrichment, significance,
) .

) i . 17 : S
Vanomaly, ‘®volcanism. 'Coutpourings, 'reality ‘'catastrophism. ‘extinctions,
Yextinctions, ’survival

This makes Duff a highly nominalised text, even more highly nominalised than Raup and
Sepkoski. Table 4.2.6 compares the amount of nominalisation in Duff to the amount in
Raup and Sepkoski, McGhee and Trefil and Hazen:

Table 4.2.6:  Nominalisation in Duff compared to other textbooks and research article

Duff | McGhee 1 Trefil and Hazen | Raup and Sepkoski

| Different nominalisations | 56 45 7 43
| per 1000 words

Nominalisation enables the author to avoid mentioning an agent, while at the same time
allowing research, ideas and abstractions to be actors in the passage. The following uses
(in bold face) of nominalisation side-step the fact that some agent — usually people - is
doing the using, interpreting, assempling, supporting, attending, examining;

' The stratigraphic use of fossils ... may proceed

*Perhaps the simplest interpretation of the extinction of faunal and floral assemblages,
was that of extinction_by catastrophe

““Wherever there were gaps in the fossil record ...%i: was maintained that this was due
either to lack of preservation . .

?Linked with modern support for catastrophisni...

"Much attention has been paid io the Cretaceous/Tertiary (K'T) boundary.

2 examination of clays has shown some chemical and mineralogical peculiarities.

As Halliday (1993) points out such nominalisation allows the argument of the text to
progress It also compresses a lot of information into a clause. (For example clause 3
without nominalisation would become far more than one clause, would be something
like: “If people look at fossils of past fauna and flora, they can assemble these fossils into
lists indicating when these fauna and flora existed. One simple way of interpreting these

lists 1s to suggest that these fauna and flora became extinct because of a catastrophe”.)
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The following instances indicate how ideas have become actors in the text. In clause 4 the
idea/abstraction of evolution becomes an actor. In clause 7 research, rather than
researchers, becomes an actor. Clause 12, 13 and 14 make an attribute — e.g. peculiar —
into a thing in its own right - peculiarity.

“with the emergence of evolution as a dominating idea

" Palaeontological researches have proceeded with ever-increasing intensity
eoxamination of clays has shown some chemical and mineralogical peculiarities.

In particular the boundary is marked by an enrichment in the element, iridium.

"“The significance of this anomaly lies in the fact that this element is more abundant in
planctismals.

McGhee, the textbook for advanced students that I analysed, is very like Duff in that the
major funciion of nominalisation in McGhee is to allow ideas, theores and attributes to
become things. By contrast, Trefil and Hazen, the textbook for non-science students
contained only four different nominalisations in a text of 540 words, three of these being
very carefully explained This 1s comparable to the rumber in the texts for children, and
lower than the number in the three popular texts. So the authors of Trefil and Hazen
regard their readers as unlikely to tolerate even the number of nominalisations acceptable
to the (educated) readers of newspapers and news-magazines. This indicates that the
extent of nominalisation in Duff and McGhee may well be a function of the extent to

which the writers regard the readers as acculturated into the discourse of geology.

This analysis of nominalisation in Duff supports my analysis of transitivity in the sense
that both reveal an abstract impersonal text in which people and things are suppressed

and ideas, research and abstractions are the true actors.

Embedding in Duff

One of the features that makes Duff a highly ‘written’ text is the large amount of
embedding. The sentences are very long, but there are fairly few clauses. It has more
words per clause than any of the texts analysed, having slightly more than the Scientific
American text. There are a large number, too. of what Thompson (1996:141) calls

‘heavy’ themes: those giving a large amount of information. It is embedding that is used
to make these themes heavy.
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As discussed above in section 4.2.1.2, the question of evolution is not addressed in
ranking clauses but is rather packaged in embedded clauses and phrases and adjuncts.
The claim is usually made that packaging information in embedded clauses makes it less
negotiable. In this case it also makes the text much more abstract, in that the skeleton of
the argument concerning two possible theories (gradualism and catastrophism) s present
in the ranking clauses bui that the subtleties of the argument concerning the nature of

evolution 1s packaged within the nominal group as embedding and adjuncts.

There are 15 instances of embedding in Duff aithough there are only 19 clause
complexes. Seven of the instances of embedding are clauses. As Table 4.2.7 indicates,
most embedded material goes into thematic position in the clause, reinforcing Martin’s
(1993.246) contention that through embedding, processes have a larger role to play in
themes and thus in method of development. The exception is embedded important new

material, which is more likely to be found in the rheme.

Table 4.2.7 Function of embedded c¢lauses in Duff

Function of embedded phrase or clause In theme | In rheme

Summanzes Given material 4

Aside/detail — unimportant new materiat

Elaborates — fairly important new material

— WY

Important new information - clause wouldn’t make sense
without it

In Raup and Sepkoski, the research article considered in section 4.1, embedding played
the role of adding highly specific but relatively peripheratl information on the one hand
and of packaging important propositions into fact clauses on which the authors could
comment. In contrast, in Duff, embedding plays the role of increasing the level of
abstraction by siting discussion about evolution within embedded clauses. Author
commentary on the credibility of these ideas is once again sited in ranking clauses (e.g.
*Perhaps the simplest interpretation: **it was maintained thaf). In McGhee a similar
situation in terms of abstraction is found in that real world meanings (such as *an asteroid
did impact the earth) are packaged into the embedded clauses leaving meanings
concerning research, meanings concerning ideas, and evaluative commentary on

embedded meanings to be realised in the ranking clauses. Once again this increases the

level of abstraction in the text
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4.2.2.3 Passivisation in Duff

In what follows I report on my examination of the use of the passive voice in the Duff
extract. As readers will see, extensive use of the passive 1s one of the features of the text
that result in a very impersonal text. Many processes (13 out of a total of 29 finite
processes) in this extract are passive. In many places this permits the author to avoid
explicitly saying who the sayer/actor is but in other places sayer/actor is still included.
Use of the passive to avoid mention of the sayer is understandable, because the author of
the text, like most textbook authors, has no wish to attribute all ideas to individuals. In
Duff where the processes have no sayer, sensor or actor, the implied sayer, sensor or
actor is geologists or palaeontologists. In the remaining case the implied actor is
palaeontological research. Instances of the passive are in bold face in the examples
below:

‘catastrophism was challenged by notions of gradualism.

Diverse forms were thought **1o arise from ancestral stocks.

S Wherever there were gaps in the fossil record .. it was maintained that this was ..
SThus the major boundaries in the stratigraphic column ... have been reinforced.
“\fuch attention has been paid 1c the Cretaceous’ Tertiary (K/T} boundary.

1250 it is maintained that the Earth was hit by an extra-terrestrial body.

"“The topic is still hotly debated; '®it is pointed out that ...

So, interestingly, if this short extract is anything to go by, textbooks are science with the
individual scientists and most of the details of their research removed. Their results/ideas
only are retained. Textbooks are attempts at descriptions of reality, ‘the facts’. Gerot
(1995:99) maintains that impersonal projection “is a form of interpersonal grammatical
metaphor, of modality, one which allows the writer to claim objectivity for something
that in fact is a2 matter of opinion™. However, [ do not believe that we can claim this about
this extract from Duff because the topic of the extract is controversy. The mental and
verbal processes actually confirm this. They stress the fact that these are opinions rather
than trying to claim objective certainty.

There is also extensive use of passive processes (in bold below) with the inclusion of the
actor (underlined). In clause 3, 13 and 15a the passive construction appears to function to
place Given (known) material in thematic position (i.e. its natural position). In clause 10a
and 10b an event mentioned in the goal (e.g. '**long periods of little change) precedes the
event in the actor (e.g. '®mass extincrions) and could thus be argued to naturally come
first. In clause 19 the writer appears to want to foreground the goal (’the case for mass

extinclions by catastrophe involving not the survival of the fittest but the survival of the
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luckiest) in thematic position as in the seven cases above where the actor is omutted.
Nevertheless the writer wishes to provide the name of the book and its author for the
information of the undergraduate reader. Interestingly, most of these processes (actor/
sayer supplied) are material processes and describe happenings in the physical world.
This is in contrast to most processes in the group above (with the sayer omitted) which

are largely mental or verbal.

Perhaps the simplest interpretation of the extinction of faunal and floral assemblages, ..

was that of extinction by catastrophe. On the other hand, 'with the emergence of
evolution as a dominating idea in biological change, catastrophism was challenged by
notions of gradualism.

In this extract catastrophism is Given and thus naturally falls into thematic position. Tt is
gradualism that the writer wants to emphasise here. The situation is similar in clause 13
and 15a:

U In particular the boundary is marked by an enrichment in the element, iridium.
“1hat the Earth was hit by an extra-terrestrial body.
1%9) ong periods of litile change in widespread forms are ended by mass extinctions.

' and the vacated ecological niches are then taken over by forms which have diversified
in relatively isolated areas.

Clauses 10a and 10b are passive to place an event that precedes another event first. ‘The
long period of little change’ happens first, then comes ‘mass extinction’. Similarly,
‘ecological niches’ are vacated first, and then they are taken over by ‘other forms...’

10b

Also, it is the '®mass extinctions and '®the forms which have diversified in ... isolated

areas that the wnter wants to emphasise, so they corne in New position in the clause.

"“On the other hand the case for mass extinctions ... has been developed recently in a
stimulating and provocative account Wonderful Life by the American writer S.J. Gould.

This example is, 1 would maintain, more like those in clauses 4, 5a, 6, 8, 11, 152 and 162

where the sayer has been omitted. Gould’s ideas are mere important than he is and so go
in thematic position, but his name and book are included by way of recommending to the

undergraduate readers a book which may be interesting, useful and accessible to them

The extent of passivisation in this text and the relative lack of passivisation in the other
genres such as popular journal aruicles, children’s texts and even research articles makes
me wonder if the common idea that science writing is full of passives may not be based

largely on textbooks. Use of the passive is as extensive in McGhee (the textbook for
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advanced students) as it is in Duff, and serves the same purpose of avoiding mention of
individuals while foregrounding their ideas and findings. Trefil and Hazen, the textbook
for non-science students, also foregrounds ideas and findings rather than individuals but
it does not employ the passive extensively to achieve this. Instead it uses the approach

adopted by hooks for children: that of using the generic '*geologists and V72 25

scientisis,
which also effectively backgrounds individuals and makes the focus the ideas and

discoveries that this generic group has made.

In summary, the extensive passivisation in Duff, as in McGhee, serves not to obscure
agency, but to foreground what is important in the context of textbooks: the
facts/findings/ideas of scientists/researchers, who themselves are of marginal importance.
Writers of textbooks, are summarnsing findings in the field rather than primarily
preseating their own ideas or findings. It is also clear that passivisation is not used in
Duff to obscure the fact of controversy, as controversy is stressed in numerous mental

and verbal processes such as '“debated, *challenged and '**maintained.

Table 4.2.8  Conjunctive relations in Duff

Interal  conjunctive relations: | clause External: real  world o
_rhetorical structure _conjunctive relations ~
1
2 Addition: adversative But M
- _ 3 — _ 1 I
- ——Ta ¥ Additon adversaive | On the other hand _
B 5b - | _—
—_— SC — —
— R — — 6a — e —
] B B I R
B || 7a : A= o S
i - | 170 R Addition: adversative ~ but
- —>| 8 causal ' Thus B
I - i
- o e
- 10b N\extension: addition __‘and -
11 '
S : 12w R
- 13 — particularising ' Inparticular
14 i
| 152 causal T80 -
< . 15b = .1 .
16a
I 166 X IR .
R 17 _J\__ —_— -
| 18b - ]
L B |19 — Addition: adversative | Onthe other hand
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4.2.2.4 Conjunctive relations in Duff

As Table 4.2.8 shows, causal relations in Duff are traced conjunctively in two instances,
but for the most part appear to be achieved through identifying processes within the
extremely long clauses, rather than between clauses. As might be expected in this text,
which functions to distinguish between different ideas, there are many adversative
conjunctions. This use of adversative conjunctions to signal the differing viewpoints and
theories coincides with my analysis of transitivity and theme in that it indicates a iext in

which ideas that are being advanced by different voices are foregrounded.

4.2.2.5 Summary and overview of Mode in Duff

My analysts of mode in this text reveals an apparent contradiction. On the one hand the
author combines the use of marked embedded ‘heavy’ themes, adjuncts as theme and
adversative conjuncttons to indicate to the reader that there are opposing present and past
voices on the topic and that no consensus has been reached. This indicates that for this
audience (beginning Geologists), and on this topic, Lemke’s claim (1990.127) that
science is represented as “‘established, permanent, incontrovertible fact” does not hold.
On the other hand the author conceals the individuals behind the opposing voices, by
using a high level of nominalisation and passivisation. This [ interpret as indicating that
in textbooks, the facts are far more importaat than the individuals who discovered them

(Just as in research the research community is far more important than the individual
researcher, as Myers (1989) shows).

4.2.3 Tenor in Duff

Tenor refers to the roles of the reader and writer of a text and interaction between them.
This text s wriiten by an expert, who is providing knowledge for unknown 1% year
students. Thus we expect a fairly high degree of distance between the reader and writer,
and we could expect evidence of unequal status between the reader and writer. In this

section, therefore, 1 consider the categories of contact, affect and status, hedging, and
evaluation.

4.2.3.1 Contact, affect and status in Duff

In thts section, as 1 do in 4.1.3.1. I consider contact, affect and status in Duff, three

categories that Gerot (1995:104) uses to illuminate the interpersonal metafunction.
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Contact in Duff

Contact refers to a writer’s solidarity with his/her readers (Gerot 1995:104). Because of
the high level of passivisation, nominalisation and embedding, the large number of
technical terms, and because, as discussed above, the material processes deal for the most
part with ideas, the text is extremely formal. There is no colloquialism or jokiness, which
are some of the usual ways for a writer to show solidarity with a reader. On the other
hand, we could argue that the writer does show solidarity with the reader by initiating the
reader into the debate on the topic over *the last two centuries’. In doing this, the writer
recognises the reader as a serious student of geology. Also it could be argued that the
writer shows solidarity with a certain group of his readers: those who are able to read and
benefit from this lexically very dense, abstract text - that is those who are already well on

their way to becoming ‘members of the Discourse’ of geology.

The readers of Duff are first year students of geology and thus need to be referred to
™the stratigraphic column (see Table 7.1)’. By contrast, the more advanced readers of
McGhee are assumed to be familiar with the stratigraphic colurnn, and the text refers for
example to *the end of the Maastrichtian Age in the Late Cretaceous'. At the other end
of the spectrum of university textbooks Trefil and Hazen (the authors of the textbook for
non-science students) position the reader as “not a geologist and not a scientist”. They do
this in such phrases as: 178 M ost scientists foday accep!’, and 25 Scientists continue 10
debate’.

In some texts in this study, such as the books for children, illustrations are used to show
solidarity with readers. The extract from Duf, refers to ‘7able 7.1’ (see appendix page 10
and 11). This 1s the ‘classification of geological Eras and Periods’, and appears on the
previous page. As we might expect from the text, the geological column is more abstract
than the similar geojogical columns o Trefil and Hazen (appendix page 21) and Time
(appendix page 30). Firstly the sequence is not shown to scale (one column indicates how
many million years ago a certain Period was). Secondly, there are no pictures or arrows
indicating the duration of various phenomena as in Trefil and Hazen. It also gives more
information such as breaking down the eras into periods, the derivation of names etc.
There is no joking or use of dimension as in Time.
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Affect in Duff

Affect refers to ‘positive or negative attitude of the writers to the readers and what they
are talking about’ (Gerot 1995:104). There is no evidence in Duff of personal feelings of
the writer for the reader. The text is extremely impersonal, giving (within the context of
science and westemn culture) the impression of a highly objective text, which in turn adds
to the truth value of what is said in the text. The only deviation from the impersonality
and lack of attitudinal lexis is the positive evaluation — "*stimulating and provocative - of
a popular accouat of the matter, indicating perhaps that this is the writer’s assessment of
the subject matter in general. Reader and writer are, to varying extents, identified as
geologists, so there 1s no distance between them and scientists as a group. Scientists are
regarded as developing theories, gathering quantitative data and making measurements in
a sincere and objective attempt to approximate the facts, which however are not

completely clear yet.

Status in Duff

Status refers to how the writer includes the reader (Gerot 1995:104). As noted, the text is
severely impersonal, and neither the writer nor the reader is explicitly included in the
text. *'"Some palacontologists’, “French geologists' and ““’the American writer S.J.
Gould’ are the only human participants of the text. As ] point out below there are no
reader-onented hedges, so the writer does not show any deference to the reader. The
relative statuses are writer as expert and reader as student or initiate into the field.
However the writer does include the reader in the text and in the discourse community by

recommending a popular source in enthusiastic terms.

4,2.3.2 Hedging in Duff
In this section | report on the hedging in Duff. Hedges express tentativeness and can
either be used to show a writer’s lack of commitment to a proposition (p) or a desire not

to express commitment (Hyland 1996a: 478).

Duff has fewer hedges than any of the other texts in the study. The hedges in the text are
of two types: reliability hedges (indicate writer confidence) and writer-oriented hedges
(limit writer commitment). Although the text is written in an abstract and detached way,
the low number of hedges mean that this is not achieved through hedging as the writer

gives the impression of being very assured of what he is saying.



Textbooks 152

Table 429 Hedging in Duff (following Hyland 1996¢)
Hedges Reason for the hedge
3 Perhaps the simplest interpretation of the | Reliability hedge — assessment of the

extinction of faunal and floral assemblages

reliability of p (proposition). Writer has
some doubt that this is the simplest?

Sa | Diverse forms were thought to arise from | Writer-oriented — writer hedges
ancestral stocks ... commitment to p

6a | ...it was maintained that this was due to lack | Wnter-oriented — wrtter hedges
of preservation, .. commitment to p

152 | So it is maintained that the Earth was hit by an | Writer-onented — wnter hedges
extraterrestial body commitment to p

16b | "®%it is pointed out that excessive volcanism ... | Writer-oriented — writer hedges
would have effects... commirtment to p

16b | volcanism ... would have climatic effects to | Reliability hedge — writer communicates

which some organisms could not adapt.

that there is some doubt about p

16b

excessive volcanism, perhaps associated with
the outpourings of the lavas of the Deccan Traps

Reliability hedge— for the writer there is
doubt about p — maybe it was associated
wrth the Deccan traps, maybe not

| Some

17 palaeontologists .. would  resist | wrter-oriented hedge
catastrophism _
18b | many would maintain that these reptiles had | writer-oriented hedge

been gradually dying out for some time ...

Note that in my opinion the following instance of modality (bold-faced) 1s not a hedge:

' The stratigraphic use of fossils for purposes of correlating rocks from one area tv
another may proceed without any theorelical interpretation of the nature of
evolution.’

1t does express possibility, but it 1s not possibility in the sense that there is any chance at
all that p will/does not happen. In this case may could be replaced with can as it is
potential rather than possibility that is being indicated. There is no indication that this is
the speaker’s opinion/attitude. I look on this statement as being what Hyland (1996.450)

calls a categorical assertion where the speaker is committed to p and its truth value.

Arnother example of what at first looked like a hedge but in fact 1s not a hedge is:

° Linked with modern suppori for catastrophism is a process which has been called
punctuated evolution.’

Rather than a writer-oriented hedge, what the writer is actually doing here is supplying

the name for the phenomenon.

Although 1 finally classified the following mental and verbal processes as writer-oriented

hedges (writer hedges commitment to p) 1 did have some doubt about them:
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*Diverse forms were thought **to arise from ancestral stocks by gradual changes
imposed by physical conditions and biological competition; unsuccessful forms
died out over variable periods of time. ®*Wherever there were gaps in the fossil
record with sudden changes in fossil content, *°it was maintained that this was due
either to lack of preservation or inadequate collecting or both.

"7 Some palaeontologists ...would resist catastrophism and instantaneous extinctions.
182 With regard 1o the dinosaurs and the K/T boundary many would maintain that
these reptiles had been gradually dying out for some time ...

The problem is that the writer is recounting the history of thought on the topic. I do not
think the writer agrees with the content of clause 5b, 17 or 18a or the reason provided in
clause 6b. But whether he is hedging commitment to these propositions is not entirely
clear. It could be argued that he is making it quite clear that those who thought or

maintained these things were wrong.

Table 4.2.10 Kinds of hedges in Duff compared to other texthooks and research article

Hedges Duff Trefil & Hazen | McGhee Raup and Sepkoski
Reader-oriented hedges 13 (59%)
Wniter-oriented hedges 6 (66%) | 6 (25%) 20 (40%) (4 (18%)

Attribute hedges 9 (38%) 2 4%

Reliability hedges 3(33%) |9 (38%) 28 (56%) |4 (18%)
Reliability/ reader-oriented 1

total 9 24 50 22

Table 4.2.10 shows that the three textbooks are similar in hedging content (whether as
reliability or attribute hedges) indicating a desire to share with the reader the writer’s
conftdence in the truth of a proposition. The textbooks also hedge writer commitment to
what 1s being said, attributing it to geologists, scientists or in the case of McGhee,
specified researchers. The kind of hedge which is missing, but is prominent in the
research article by Raup and Sepkoski, is reader-oriented hedges (which hedge
assertiveness, functioning to get acceptance of claims which threaten the face of other
researchers (Myers 1989)). This indicates a major difference at the interpersonal level
between textbooks and research articles. Writers of research articles are obliged to show
deference to their readers, who represent the powerful research community. Writers of
textbooks direct their writing at readers who are less powerful than themselves and who
are newcomers to the field In summarising the accepted facts of the field, we could view

the writer of a textbook as speaking for and representing the discourse community (the

same group who are the readers of the research article). The ideas presented in a textbook
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are for the most part not the ideas of the writer. They are ideas that have been given the
stamp of fact by the discourse community. In the textbook the fact/idea is primary, the
individual, whether reader, writer, or researcher who first proposed the fact, is secondary.
This analysis of hedging has pointed to an important difference between the relative
statuses of reader and writer in research article and textbook.

4,2.3.3 Evaluation in Duff

Evaluation is a category that includes all meaning that functions to express the wnter’s
opinion and value system, and to construct and rmaintain relations between the wrter and
reader (Thompson and Hunston, 2000:6). I begin my account in Table 4.2.11 by

categorising evaluation in each clause in the way suggested by Hunston (1993, 1994).

Table 4.2.11 indicates that DufT sets up three sets of oppositions. The first is between two
hypotheses: catastrophism and gradualism; the second between positive and negative
evaluations of the catastrophism hypothesis; and the third between two alternative

variations on catastrophism: impact and volcanism.

In clauses 1-8 the two hypotheses are introduced. In terms of Certainty they are largely
assessed as possible. In terms of Value, the catastrophism hypothesis (clause 3) is
assessed as useful (having explicatory power). The gradualism hypothesis (clause 5-8) is
negatively assessed in terms of accuracy (lack of fit to data), usefulness (explicatory
power) and applicability (lack of fit to a range of data). Thus in these four clauses (5-8)
the writer negatively evaluates and more or less rejects the gradualism hypothesis. The
rest of the text concentrates on evaluating the catastrophism hypothesis Here we see a
sequential positive-negative-positive evaluation, which is much more pronounced in the
popular texts. Clauses 9-11 outline the catastrophism hypothesis. All clauses in this
section are evaluated as certain. Clauses 12-14 are also evaluated as certain. They
positively eva.lu.ate the catastrophism hypothesis as accurate (with a close fit to the data).
Clauses 15-16 consider two variations on the catastrophism hypothesis: impact by an
extraterrestrial body, and volcanism. These variations are evaluated as possible in terms
of Certainty and are useful (having explicatory power) in terms of Value. Unnamed
geologists are the source of almost all information in this text. Clauses 17-18 then move
10 a negative evaluation of the catastrophism hypothesis on the part of ‘some
palaeontologists’ and ‘many’, who, in terms of Value, evaluate the catastrophism
hypothesis as being not accurate (fit to data).
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Table 4.2.11 Evaluation in Duff
Status Value
Clause | Adivity Source | Modification | Certainty value
1 inlerpretation | writer may proceed | possible =
2 | tmerpratation | wTiter certain
3 | hypathesis | writer, 19% | perhaps , possible catastrophism Hypothesis
| calastrophism | cemtury French | + useful
' | geologists | |
4 | mterpratation | writer - | certain i L -
Sa___ | project o f ] E -
5b | hypothesis | unnamed | were thoughl | possible Hypoth graduatism
_gradualism _geologists | Abh
S¢ hypothesis unnamed were thought possible
L gradualism |_peologists
| 6a | merpretation | 000000000 00000 R DAY | - =
6b | hypothesis | unnamed | was maintained possible - accuracy
. | eeologists SES (N (R | (S
Ta | event | Unspecified certain
L |_research articles S - §
7o mierpratation | writer catain | -useful | (- S
8 mterpretation | writer . certzin _| - applicability ~ —
9 Hypoth Moden support certain Hypoth catastrophkzm
catastrophism unspecified
I geologists ) A
10a Hypoth Modemn support | certain
catastrophism unspecified
STl St _geologists | I S S E— ]
10b Hypoth | Modemn suppont certain
catastrophism unspecified
s N _geologists _ ] ———
11 attention unspecified centain
; _geologists | 0 SN ST nups) [N -
12 result unspecified certain + accuracy
| geologists . = jees = S
13 result unspecified cerain
g | peologisls e _ SRR o e
14 Interpretation: writer: certain
resuit unspecified
1 | seologists B - B |
1%a hypothesis unspecified it is maintained possible Hypothesis catastrgphjsm extraterrestrial
L | geologists usoe N - —a,
15b interpretation unspecified it is maintained possible
B! e |ipeetogide | oy o pruseful = = =
16a interpretation unspecified still hotly debated  possible
S | geologias S e e
i6b | Hypothesis " wnspecified "1 is poinled oul. possible | Hypothesis catastrgghlssn volcanism
volzanism geologists perthaps. would - useful
PR || 1 have N | -
17 mierpretatio Some would resist possible T i
I - _palacontologists S =
[ 18 projec | I ) ]
(18 imerpretation | many _ | would maimtain___|_possible - accuracy _ _ ]
19 hypothesis 8J Gould provocative possible = useful -
account + simulating
- provocative

Finally catastrophusm is positively evaluated as useful (having explicatory power) in the

final clause. Interestingly, a popular account is also positively evaluated as

«l®

stimulating

and provocative™ in this final clause. This is similar to the value ‘interesting’ (mentioned

five times in McGhee and once in Trefil and Hazen). Trefil and Hazen also share the
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values of ‘°best known’ with the popular science texts. Together with Trefil and Hazen’s
reference to the (in scientific terms) celebrity status of Luis Alvarez as a Nobel-prize
winnper, this makes Trefil and Hazen closest of the three textbooks to a popular science
text.

The writer attempts to give a balanced, objective view of the matter. In my opinion, he
comes closer to achieving this than any of the other texts. Raup and Sepkoski, while
forced to write in an objective style, are obviously not impartial: they have much invested
in having their periodic catastrophe hypothesis (for which they provide evidence)
accepted by the research community, and they would also like support for their
extraterrestrial hypothesis (because it seems reasonable to them) The writer of the

Scientific American article alse writes In an objective style to the extent that s/he presents

both sidzs of an argument. However s/he finds one side of the argurnent more convincing
and is prepared to assert that it is more convincing in the final paragraph. The author of

the Mail and Guardian text makes no attempt to appear objective. The author of the Time

arhicle appears objective because there is little attempt to reconcile the two sides of the
argument. Matenal on each side of the argument is merely juxtaposed in adjacent

paragraphs. Closest to the textbook in objectivity are the four children’s texts.

[o summary this section shows that the author evaluates the gradualism hypothesis
negatively in terms of accuracy, explicatory power and fit to data. Catastrophism fares
better with a negative evaluation on the part of some palaeontologists sandwiched
between two sections positively evaluating the hypothesis. The source of most clauses is
the writer or unspecified research articles and thus apparently the writer. Thus evaluation
ts fairly overt in this text, with the writer prepared to go on record with his evaluations [
bave argued that paradoxicaily this makes the writer appear more objective than if
evaluations were avoided (as in the research article) or if evaluations are made through

the voices of participants in the text as in the popular articles.

4.2.3.4 Summary and overview of Tenor in Duff

The analysis of Tenor in the Duff text indicates a formal, impersonal text giving the
impression (within the value systems of science and western culture) of objectivity and
resulting high truth value. Although the text is written in an abstract and detached way,
the low number of hedges mean that this is not achieved through hedging (which

indicates through modality the exact extent of writer certainty). This text has less hedging
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than any of the other texts in the study, giving the impression that the writer is sure of
what he is saying. This confidence on the part of the writer is supported by the fact that
evaluation in the text is fairly overt and on record. There is no mention of either the
reader or writer in the text, although the writer does ‘recognise’ the reader to the extent
that he treats the reader as an initiate into the field by outlining the important
developments in the field over the last couple of centuries. The unequal nature of the
expert/student relationship is indicated in the lack of solidarity politeness (reader-oriented
hedges) towards the reader. Further than this, in the section on hedging I suggested that
writers of textbooks have power because they are summarising facts that have been

endorsed by the science discourse community, of which they are in a sense the voice.

4.2.4 Summary and overview of Register in Duff and other textbooks and
comparison with research articles
The textbooks and research article in this study are similar in terms of register (context of
situation), but different in terms of genre (context of culture), As mentioned in chapter 2,
Halliday (1993:56) describes the scientific register as recognisable because of the effect of
“clusters of features”. Amongst these are nominalization of verbs and adjectives, extended
nominal groups, a high proportion of relational processes, technical terms, tentative
language, causal and reasoning verbs, and impersonal language and passivization. These
features are indeed found in the textbooks and research article in this study, and there is a
great deal of similarity between the two genres when these features are compared. Both
research article and textbooks reflect a high level of nominalisation and of technical
language. The exception is the textbook for non-science students, where the proportion of
nominalisations s as low as it is in the texts for children. This is presumably a deliberate
move on the part of the writers of this textbook to make it as accessible as possible to its
non-specialist readers. It is interesting to note that in the other two textbooks (for first year
and more senior geology students), the level of nominalisation and technical language is as
high as in the research article. The writers of these textbooks are addressing readers who are
possible future Geologists/colleagues, and they are expected to be more integrated into the
discipline. They are expected to be closer to being ‘members of the Discourse’ (Gee 1990),

those who are able to speak/wnte/read, act and think in the ‘culturally’ appropriate manner.,

In botk the research article and the textbooks in the study, embedded clauses are employed

to extend the nominal group. All four texts employ clauses embedded in the nominal group
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to increase the leve) of specificity of what is said, and to package central propositons into
facts. These are often imported from other texts and are often subjected to evaluative
commentary sited in the ranking clause. In two of the textbooks, Duff and McGhee, this
embedded material serves to increase the abstraction of the texts. This Is because
information on a particular topic (evolution in Duff and real world information in

McGhee) is sited in embedded clauses so the text functions on more than one level.

In both the research article and the textbooks in the study, relational clauses are twice as
common as material clauses. Attributive processes attribute characteristics while of the
identifying processes, most show relations of equivalence, with cause also being realised
through identifying processes rather than through the more congruent choice of
conjunctions. The exception to this high level of use of relational processes compared to
material processes is the first year textbook, Duff. Curiously, in Duff, almost all material
processes express meanings to do with abstract ideas, which would congruently be
expressed in relational processes. Duff thus appears to treat ideas almost as if they are
things.

Another area of similarity betiveen these two genres is the removal of human participants
and wide use of the passive voice. The ultimate function of this in both genres is to establish
that what is being said is objective, but achievement of this aim is slightly different in the
two genres. In the research article removal of human participants and use of the passive is
more complex than in the textbooks. As discussed in chapter 2, establishment of information
as factual and objective involves removal of time, place and the people from whom the
information originated. The writers of the research article remove themselves as agents, and
thus use the passive, to make their knowledge claims appear as objective as possible. At
times they remove other researchers for reasons of politeness: to avoid disagreeing with
them. For example:

It has been generally assumed that ... *Following this view ..

At other times they imply that ideas they agree with are widely accepted by not
attnbuting these ideas:

*There is increasing evidence, however, that many extinctions are actually short-lived
events of special stress...

By contrast, the textbooks in the study appear to remove human participants and use the

passive for the reason that facts are more important than the people that first thought of
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them are. One of the textbooks (McGhee) includes those who proposed the information
as citations; that is, human participants are present but in a very impersonal way. They
are not the agents of the research, or the subject of the clauses in which they appear. In
this case they seem to serve the function of allowing the projected senior student readers
to refer to the articles. The other two textbooks have generic rather than specific scientists
as human participants, as is more common in textbooks as a genre. Once again this is a

function of facts being more important than the people that first thought of them are.

The major differences between the textbooks and research article are in terms of genre
(considered in the sense prominent in the Australian schoql), in terms of relationship
between reader and writer, and, related to this, in terms of persuasive intent. I give

attention to these in the next two sections.

4.2.5 Genre in Duff and other textbooks

My account of genre in chapter 4.1 notes that research articles contain discusston, recount
and exposition, but that these are likely to be associated with particular sections. By
contrast, textbooks are likely to contain a good deal of information report, explanation
and procedure, and these are not associated with particular sections but rather are used

according to the needs of the writer and the subject under discussion.

Duff is a widely-used textbook for first year students. Originally written by Holmes (in
1944), it has been revised four times, in this edition by Duff, originally one of Holmes’s
students. Because of the newness of this information we can assume this section to be
new. The extract from Duft considered in this research contains elements of both
information report and discussion. The first paragraph (clause 1-6) is set up as a
discussion, while the second and third paragraphs are more like an information repont.
Clause 1 links the extract to the previous topic in the chapter. Clauses 2-6 are apparently
a discussion (Butt et al 1999:20) with clause 2 a statement that there is a debate. Clause 3
states the catastrophism side of the argument, and clauses 4-6 the gradualism side of the

argument. The second and third paragraphs have some similarity with Butt et al’s

(1999:19) outline of the structural features of an information report. They present
evidence in support of the first argument (catastrophism) and could be said to be a
‘sequence of related statements grouped in topic areas’ (Butt et al 1999:19). Paragraph 2
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presents evidence from the stratigraphic column, and paragraph 3 presents mineral
evidence linked to two theories of what caused the mineral evidence (extraterrestrial body
and volcanism.) No attempt is made to persuade the reader. Evidence is provided to
support catastrophism only, and the reader is left to conclude that this is the correct
interpretation of the facts.

McGhee is in the form of an information report. The first paragraph (clause 2-7) raises

the possibility of mass extinction caused by an extraterrestrial body, and loosely fills Butt
et al’'s (1999:19) slot, ‘general opening statement or classification’. The other nine
paragraphs support this with a ‘sequence of related statements grouped in topic areas’
(Butt et al 1999:19). Paragraph 2 (clause 8-12) presents chemical and paragraph 3 (clause
13-15) mineralogical evidence. Paragraphs 4 (clause 16-19) and 5 (clause 20-23) propose
climaric effects consequent on impact by an extraterrestrial body. Paragraphs 6 (clause
24-29), 7 (clause 30-31) and 8 (clause 32-34) suggest variations on interpretation of the
data. Paragraph 9 (clause 35-41) relates the data to the stratigraphic record, while the

final paragraph (clause 42-48) suggest other intra-solar mechanisms for mass extinction.

As with Duff, no attempt 1s made to persuade the reader of any of the tnformation. The
readers are given the facts and left to draw their own conclusions. An exception to this
directness is two tnstances where readers are more obliquely told what to think. The first
instance is the exclamation mark in clause 31b, which indicates to the reader that the
writer finds this argument questionable:

i alternative impact hypothesis has been proposed (Hut et al 1987) in which a

series of smaller impacts, ... is argued to have produced the sequential extinctions!

The second instance is the apparent hint in clause 7 that the 1dea that ‘all mass extinctions
are triggered by impacts’ is unsupported.

"others have gone 1o the extreme of mainiaining that all mass extinctions are v ggered
by impacts, and that these impacts occur with clock-like regularity.

This hint 1s however revisited with greater definiteness in clause 35, where readers are
given clear direction by the writer that most mass extinctions were not caused by impacts:

35 : . L
To date a strong case cannot be made for large impacts during crisis intervals other
than the Late Cretaceous and Lale Eocene events ...

Trefil and Hazen is once again an information report. The first paragraph (clauses 2-5)

corresponds to Butt et al’s (1999:19) ‘general opening statement or classification’ in that
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it raises the idea of mass extinction and distinguishes it from the ‘normal’ gradual rate of
extinction. The second, third and fourth paragraphs correspond to Butt et al’s ‘sequence
of related statements. Paragraph 2 (clause 6-12) mentions various different mass
extinctions. Paragraphs 3 (clause 13-16) and 4 (clause 17-20) provide evidence of various
type for extra-terrestrial impact. Finally, paragraph 5 (clause 21-27) corresponds to Butt
et al’s ‘concluding statement’ in that i¢ suggests implications of what has been said for

the rate of evolution (gradual versus catastrophic).

As a genre, textbooks contain a summary of the information that has been accepted by the
research community as fact. This information is structured in a range of genres (in the
sense used in the Australian school) including in this selection information report,
explanation, procedure. Besides these, other factual genres are likely to be included in

textbooks: discussion, exposition, recount, and at times, narrative.

4.2.6 Ideclogy in textbooks

In general university textbooks are aimed at an undergraduate audience, who want a
synthesis of all current facts, theortes etc. The individual researchers who first thought of
these facts and theories are of less importance than the progress of the field as a whole.
Myers (1986:4) has characterised the science discourse community as one In which
individual researchers are very much [ess important than the community as a whole.
Similarly, I would argue, individual researchers are of less importance than their ideas,
which ideally build on and seamlessly mesh with the ideas of others. The assumption
appears to be that the truth/the reality/Nature 1s ‘out there’, and the work of a scientist is
just to find out about it and describe it. Thus in textbooks, the role of only really key
researchers — usually from the nineteenth century - is mentioned: individuals of the
stature of Darwin, Faraday, Marie Curie etc. Less famous nineteenth century scientists

and current/modern researchers are generally not mentioned by name.

Many features of Duff and other textbooks combine to create the impression of
objectivity and thus high truth-value. Firstiy there is the impersonality of the text, which
is achieved through the dearth of human participants, those present being mainly generic.
To achieve this the writer uses passivisation, and nominalisation. He achieves a high
level of detachment through this impersonality and through use of agentless mental and

verbal processes. This impersonality is a feature of textbooks and an indication that facts
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are more important in textbooks than the people who discovered them. In spite of the
facelessness of the human participants in the text, the writer is at pains to indicate to the
reader, through thematic development and use of conjunction, that there are opposing
voices on the topic and that this is not an area where consensus has been reached. This 1s
not an area of science that is represented as “established permanent fact” (Lemke
1990:137). The formal and abstract table that is the only illustration for this extract of the
text also has high objectivity/truth value.

The abstract nature of Duff also adds to the impression of objectivity In this text ideas
rather than people are the main actors. Most processes — material, relational and verbal
and mental — express meanings to do with ideas rather than with happenings or things.
Part of the argument in this text — that concerning the nature of evolution — is sited
entirely in embedded clauses, making this information less negotiable than information in
ranking clauses. Even the features that are in apparent contradiction of this objectivity -
the dearth of hedging and the overt evaluation — gjve the impression that the writer is

giving his true opinion and making no effort to convince/persuade us.

Thus readers of textbooks are not persuaded by the writer, who has a ‘take or leave it:
these are the facts’ approach. By contrast, as Myers (1989), Bazerman (1988) and others
have pointed out, the research article is persuasive. This can be seen in every section,
with the Introduction/survey of literature persuading the reader by placing the study in a
light which makes it appear firstly as continuous as possible with previous studies in the
field and secondly as answering an as yet unexplored area (Swales 1981). The Method
section 1s persuasive within the culture of science in that it removes the researchers as
agents, making the work donc impersonal and thus objective. ldeally the Method
persuades the reader that the methods used were free of distortion. The discussion section
persuades the reader that (in the case of my data) the results are reliable and fit their

theory, and that other interpretations of the data are not reliable.

The need for the writer of a research article but not of textbook to persuade the reader is
related to the different power relations between reader and writer in research articles
compared to textbooks. As Myers (1989) has pointed out, the readers of research articles,
being representatives of the research community, are much more powerful than the writer
is. On the readers depends whether the knowledge claim of the article is accepted, and

thus becomes a fact, or not. By contrast the writer of a textbook is an authority on the
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subject compared to the reader, who is a relative neophyte. Textbook readers are assigned
the textbook to read by the academic department they are studying with. That 1s, someone
other than the readers has chosen the textbook based on their assessment of the suitability
and completeness of its factual content. The student readers are thus encouraged to accept
and learn the content of the textbook as fact. Thus, like the research article, the textbook
has two sets of readers: students and the academics that prescribe the textbook. However,
because the academic is assessing the textbook’s suitability for students, neither writer
nor the academics regard the academic as the primary projected reader of the textbook.
The writer for example makes no attempt to mitigate the FTA of providing the academuic
with relatively elementary information There are no reader-oriented hedges. The writer
assumes that the academic as reader will make his/her judgement of whether to prescribe
the book based on accuracy and completeness of information provided, readability,

tutorial questions (and answers), diagrams and photographs etc.

This power differential between reader (a student) and writer (an expert) is reflected in
both hedging and in evaluation found in texts in the two genres. In the research article n
the study, half the hedges are reader-oriented hedges (which serve to mitigate FTAs to
readers). By contrast, in the textbooks, rehability hedges (which indicate writer
confidence in a proposition) are most common, and there are no reader-oriented hedges,
as the writers, being in a position of greater power relative to the readers, have no reason
to mitigate FTAs. The authors of the research articte avoid negative evaluation of their
own ideas or methods (in order to persuade readers of the reliability of what they say),
and also avoid negative evaluation of other writers (in order, as Myers (1989) points out,
to show deference to the research community.) Textbooks show more overt evaluation,

and this evaluation onginates from the writer who is an authority.

Reader-oriented hedges in research articles reflect the writer’s need to show deference to
the reader who 15, as Myers (1989) suggests, powerful in being the representative of the
discourse community. By contrast, the dearth of reader-onented hedges in textbooks
reflects a writer who is an expert in the field, and is thus more powerful than the reader,
generally a newcomer to the field. More than this, I have argued that, in summarising the
tdeas that currently have been accepted and endorsed as fact by the discourse community,
the writer of the textbook is powerful in being a representative of, and speaking for, the
discourse community. In the textbook the fact is reified. Reification involves

‘representing a transitory historical state of affairs as if it were permanent, natural,
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outside of time” (Thompson 1990:65). My analysis in this section indicates that textbooks
do indeed treat facts as outside time, although not, in this case, as permanent (it is clear
from the three textbooks analysed that the topic is still controversial). In science, to be
recognised as factual and objective, ideas must be removed from time and place and must
be removed from the person who discovered them (Latour and Woolgar 1979). The
textbook is the destination (perhaps temporary) of a successful knowledge claim from a
research article that achieves this status. Textbooks transmit the collective knowledge of
the discourse community, but as discourse they are less highly prized than research

articles because the information they contain 1s not new information.

4.2.7 Summary and overview

In this sub-chapter T have characterised textbooks as similar to research articles in terms
of register (context of situation), but different in terms of genre (context of cuiture). In
both genres we can clearly recognise Halliday’s (1993) ‘cluster of features’ that combine
to produce scientific language: a high level of nominalisation, use of technical language,
and impersonal language associated with a high level of passivisation. The most
prominent register difference is the power differential between reader and writer in the
two genres, with the reader of the research article and the writer of the textbook being
more powerful. Associated with this ts the persuasive intent of the research article, which
15 absent in the textbook. At the level of genre, differences between the two forms are
marked. Research articles contain discussion, recount and exposition associated with the
conventtonal Introduction-Method-Results-Discussion sections. By contrast, textbooks
are likely to contain a good deal of information report, explanation and procedure, and
these are not associated with particular sections but rather are used according to the need

of the writer and the subject under discussion.

At the level of Ideology, I have argued that textbooks complete the process of
objectification of facts that the research article has begun. The research article proposes a
fact (knowledge claim) and hopes to convince the readers to endorse it as fact. To do so,
the research article employs passivised, impersonal, nominalised language, with a high
leve] of relational compared to matenial processes in order to remove it as much as
possible from time, place and people (the writers). The removal of people /the researchers

is incomplete (the author’s name being attached to the article) until the fact is included in
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textbooks, which, employing the same passivised, impersonal, nominalised language,

also bury mention of the researchers and instead reify the fact.

The next section is devoted to popular science articles, a genre that, like the research
article and textbook, also prizes objectivity, but achieves it by stressing rather than

removing the people concerned in research.
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4.3: The popular science article: An article from Scientific American
and comparisons with an article from Time.

4.3.0 Introduction
4.3.1 Field in the Scientific American aricle
4.3.1.1 Human participants in the Scientific American article
4.3.1.2 Processes, participants and circumstances in Scientific American
4.3.1.3 Summary and overview of Field in Scientific American
432 Mode in the Scientific American articie
4.3.2.1 Theme in the Scientific American anicle
4.3.2.2 Nominalisation and embedding in Scientific American
4.3.2.3 Passivisation in the Scientific American article
4.3.2.4 Conjunctive relations in the Scientific American article
4.3.2.5 Summary and overview of Mode in the Scientific American anicle
4.3.3 Tenor in the Scientific American article
4.3.3.1 Contact, affect and status in Scientific American
4.3.3.2 Hedging in the Scientific American aficle
4.3.3.3 Evaluation in the Scientific American article
4.3.3.4 Summary and overview of Tenor in the Scientific American article
4.3.4 Summary and overview of Register in Scientific American.
4.3.5 Genre in the Scientific American article
4.3.6 Ideology in popular science articles
435 Summary

4.3.0 Introduction

In 4.2 T analysed an extract from a first year textbook, drawing comparisons with a more
advanced-level textbook and a textbook for non-science students. That analysis indicated wide
similarities between the textbooks, particularly between the textbooks for first year and more
advanced students. It also indicated a great deal of similanty between textbooks and research
articles at the level of register. In this section of the chapter and the next I turn my attention to
popular science articles. In 4.3 I report on my close examination of an article from Scientific
American (cf. pages 23 and 25 of Appendix, which fold out), and draw comparisons with an
articte from Time magazine (cf. appendix page 28, 30 and 32). Both of these texts fall into the

issues report genre (see 2.5.1). Scientific American is a publication which projects a readership

largely made up of scientists, while Time, primarily a news magazine, caters 10 a much wider
readership, who, for the most part, are not scientists. My analysis of the two texts indicates
many similantizs between them, and for reasons again of economy, 1 refer to the Time article

only where it differs from the Scientific American article. In 4.4 ] examine a popular article

from the Mai} and Guardian (cf. appendix page 35) which, unlike the other two popular articles

falls into the opinion piece genre (see 2.5.1). 1 choose to examine this article in greater detail

than the Time article, as it shows significant differences from the Scientific American and Time

articles. I trace these differences to the different ideological stance towards science of the

article compared to that of the other two articles. Briefly, the Scientific American and Time
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articles project a reader who is positive towards science while the Mail and Guardian article

projects a reader who regards science 1n a negative light.

Because of the length of the Scientific American article (1500 words in total) 1 have fully

analysed and report on only half the article, paragraphs 1, 3, 5, 8, 10, and 13 (748 words).
However, in my consideration of theme, conjunctive relations and evaluation, in which
continuity is important, I consider the entire article. As in chapters 4.1 and 4.2, 1 begin this
account with a consideration of register, analysing Field in 4.3.1, Mode in 4.3 2 and Tenor in
43.3. In 4.3.5 I look at the context of culture, or genre, in the article and, finally, in 4.3.6, ]

consider the ideology in the Scientific Amencan ariicle.

4.3.1 Field in the Scientific American article

In this section [ consider human participants, processes and participants, and
circumstances. In general terms, there is strong focus in this article on researchers and
what they do and say. In this respect the text is similar to the Time article. However the

Scientific American article also has similarities with the textbooks reported on in 4.2, in

that the theories of researchers and evidence for these theories are also prominent.

4.3.1.1 Buman participants in the Scientific American article

Thus article from Scientific American brstles with human participants (17), almost all of

whom are researchers and authors of the research aricles on which this article reports.
Table 4.3.1 shows that more than half the human participants are the subject of major

clauses, indicating that the Scientific American article is about researchers and their ideas.

In fact the text is framed as a report on a debate between different researchers. Table 4.3.2
shows that there are even more human participants in Time. The large number of human
participants in these texts coincides with Bakhtin's characterisation (cited by Lemke
1992.85) of texts as multivocal In both texts most human participants are specific (rather
than genenc), evidence that these are real people who are acting and being quoted - not
merely ‘most scientists’ or ‘some researchers’ as in the textbooks. Similarly, in both texts
most human participants are major in status meaning that they appear as participants
rather than as part of a circumstance. Thus *he text is about real specified scientists, and
what they think, say and do. The scientists are the focus of these articles (not dinosaurs as

in the children’s texts or ideas as in the textbooks). The specific and major status of
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scientists in Scientific American and Time contributes to the positive image of science and

scientists projected by the article. There is nothing sinister or threatening about these

scientists or their research.

Table 4.3.1 Human participants in the Scientific American article

2a the scientific and popular press (curcumstance) minor, generic

Sa the Berkelev workers proposed (vesbal) munor, specific

5a David M Raup and J John Sepkoski | an analysis ... done by nunor, specific
Jr of the University of Chicago (materialy

6a they (Raup and Sepkoski)

determined the rate of
extinctton ( mestol)

major, specific

9 Raup and Sepkoski suggested ( verbal) major, specific
10 Daniel P Whitmire of the University | proposed models (verbaly major, specific
of Southwestem Louisiana and ...
14b | an edttor at Nature selected (malerial) minor, specific
14b | Muller and hic colleagues were considering (mental) minor, specific
15 Hoffman pomnts out ( ental) major, specific
15 Raup and Sepkoski pared down (material) minor, specific
18a | Hoffiman restored (matesrial) major, specific

19 Hoffiman and Joe Ghiold of ...

suggest (verbold)

ma)jor, specific

19 Raup and Sepkoski’s criterion

is biased (attributive)

munor, specific

22b | Hoffman and Joe Ghiold apply it (definition) major, specific
(material)
25a | Hoffman's arguments do not rule out (material) major, specific

26 Raup and Sepkeski’s data (goal)

minor, specific

26 Hoffman

found ( mentald)

major, specific

The processes used in Scientific American are fairly neutral reporting verbs. Two

exceptions (in bold-face in the examples) both apply to Raup and Sepkoski, with whose

research the author of the Scientific Amencan article disagrees. Raup and Sepkoski are

15b

said to have “pared down their data, indicating a somewhat faulty piece of research.

Even worse, is the fact that their '*criterion is biased.

Table 43.2  Human participants in research article, textbook and popular articles

Raup & | Duff McGhee Trefil & | Scientific | Time Mail &

Sepkoski Hazen American Guardian
Number of participants | 4 4 11 6 17 56 8
Major/minor Major major | Minor Major Major Major Major

(+ minor)
generic/specific specific generic | Specific generic | specific specific | Generic
(+ generic)

Human participants |V v v
personalised
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Table 4.3.2 depicts a comparison | make between popular texts, research articles and
textbooks concerning who is given a voice. Another factor reflected in it is whether that
voice reflects written or spoken voices. Research articles privilege the wntten and
published voices of other scientists (Ivanic and Simpson 1992). Besides this, research
articles focus on their own rather than other people’s research. Textbooks, although they
cite some published works, are more commonly ‘peopled’ by generic representatives of
the discourse community (e.g. ‘Some palaeontologists' in Duff) or by researchers who
have been omutted by use of the passive (e.g. ''Much attention has been paid to the
Cretaceous/Tertiary (K/T) boundary (Duff).) By contrast the Scientific American and

Time texts foreground researchers: what they think and say and how they engage in their

research. The Scientific American article sets up a dialogue between them, making a
judgement about which findings and claims are most convincing. The difference is also a
function of the different readers of the texts - a much broader readership in the case of the

Scientific American article, and readers who are scientists but are not geologists. The

majority of readers of Scientific Amenican are the exoteric audience (Myers 1989:3) that

“takes an interest in some of the researchers’ findings” compared to the readers of Raup
and Sepkoski who have a far greater chance of being the esoteric audience “‘involved in
the ongoing research problem”. However the scientists involved in the ongoing research
problem (Mvers’ esoteric audience) are very much present in the article as the authorities
quoted by the writer. [t is on their utterances that the wrter of a popular science news

anticle scaffolds his/her argument

The first time the human participants are mentioned in the Scientific American and Time
articles, their first name, initial, sumame and associated research institution are included.
This ts different from Raup and Sepkoski (1984) where the person’s summame only is used.
Ungerer (1997:315) suggests that use of titles and ‘endearing forms of address™ are
linguistic cues likely to trigger emotion and interest in news stories, and it may be that use
of first name and associated institution is similar to this. We get a glimpse of them as being
real people. However the stress on their associated institutions also signals that they are
also 1n a sense members of an elite. This attribution of tdeas and utterances to elite

authorities bolsters the authority of the writer.

The large number of human participants in this text, almost all of them specific and more

than half of them the subject of major clauses, collocate with matenal, mental and verbal
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processes. This indicates a text that is about what specific researchers think, say and do.
The text is a summary of the conflicting knowledge claims of different researchers for the
exoteric audience (Myers 1989) who take an interest in scientific findings in fields other
than their own. Human participants are personalised to the extent that their first names and
associated institutions are mentioned. As the scientists active in the field under discussion,
the human participants in popular science articles are the quoted authorities. By quoting
these accredited authorities the writer of the article gains authority for what is said. This is

bolstered by reference to <he authorities as associated with elite institutions.

4.3.1.2 Processes, participants and circumstances in the Scientific American article
As in the companion accounts in 4.1.1.2 and 4.2.1.2, this section reports on what the

Scientific American text is about as reflected in the participants and processes. In brief, the

article is about researchers (who constitute most sensers and sayers) and their research
their hypotheses, methods, results, conclusions and knowledge claims). Thus the
information in the article reflects its origins in the research articles from which the writer

presumably extracted the information.

As with Raup and Sepkoski {1984) the lexis in the Scientific American article reflects a
world in which mass extinction and life under threat from extraterrestrial forces are well-
accepted possibilities. Once again the ability to reflect on remotely distant events, as
represented in the fossil record, is accepted as axiomatic. However, unlike in Raup and
Sepkoski (1984), the idea of periodic mass extinction having an extraterrestrial cause is
treated with some irony, being variously referred to as:

'The notion ihat extraterrestrial forces have...; *In the scenario that has received the

most attention...; *a dim distant companion star of the sun ...; Sputative star; *"celestial
intrusions.

In treating the topic ironically, the writer distances him/herself from the
“notion’”/"scenario” of penodic mass extinctions bewng caused by extraterrestrial forces.
The ironic treatment and mention of popular publications constitute an awareness of its
sensational implications. Besides this, Raup and Sepkoski (1984) are represented as using
faulty research methods:

Raup and Sepkoski '**pared ... their original data down ...: the 'Sculled their data .. ..

Even worse, their criterion is said to be '**biased and *not quantitative.
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Researchers and their associated institutions feature strongly in the Scientific Amencan

article. Both scholarly publications (Nature and Geological Magazine) and popular

publications (the New York Times and Time) are important.

Table 4.3 3: Processes and participants in the Scientific American article

parag | clause | Actor Material Goal Circumstance
| 2b * to send periodic  showers  of | into the inner solar system
comets
1 2¢ * | some of the comets strike the earth
1 4 * the regular [ may never
extinctions have taken
place
3 5a @ | the impetus came in late 1983
in the form of...
3 7 H The rate peaked regufarly
at intervals of ...
5 1la * | The companion would lie at a distance of several
light vears
5 12 * | thestar would pass | the deose inner region of | Every 26 million years, al
through ..
5 14b an editor al Nature selected it from a list of possibilitics
*
5 15b Raup and Sepkoski pared down the 33500 families in | to 567
# their original data by removing families
8 18a# | Hoffman restored the omitied families to the data
8 18b many extinction | disappeared
# aks
10 22b Hoffman and Joe | apply it To a hypothetical model ...
# Ghiold
13 27 the ... disruption of | continue 10 | a powerful case for an isolaled impact’s
the biosphere make having...
Senser Mental Phenomenon Circurastance
3 6 they determuned Lhe rate of extinction For each siratigraphic
stage...
10 22a 1o analvse the effects of that
definition
13 26a Hoffman found FACT (that the final | In applying various
stage of ...) statistical cnteria to...
Saver Verbal Verbiage/Range/ target
] 2a is held a dim distant companion | In the scenario. ..
slar ...
] 4 A reassessment of the | suggests FACT (the regular
fossil evidence extinctions ...)
3 9a Raup and Sepkosky suggested FACT (that the
periodicitv reflects..)
5 10 Danie] P Whitmire | proposed models simultaneously
8 13a | Hoffman points oul FACT (R&S pared the
3500 families ...)
10 19 Hoffman and Joe | suggest Fact (that R&S’s [ In  another line  of
Ghiold ... criterion. . .is biased)

argument ||presented
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Identified Identifying | Identifier Circumstance
1 2d causing a mass extinction of
species
1 3 the proposal bas been the subject of newspaper
articles. ..
3 9 the periodicity reflects a recurrent event ... in the physical
environmenl
5 13 The gravilational | wou/d a comet shower
influence of ... precipitale
5 17 if (culling of data) meant that FACT
10 2] an episode of mass | is any Jocal peak in
extinction extinclion rate:
10 23a the probability that ... | is one half For each stage
10 23b the likelihood of ... is one half
10 24 the probability that is one in four
10 252 Hoffman's argurnents [ do not rule out | the possibility that ...
Carrier Attributive Attribute
] 1 gained wide currency a linle more than a year
ago
3 8 statistical tests indicated a weaker periodicity of
30 million vears
5 11b its orbit would be ercentric
5 14a (The star got its name
10 19 is biased towards periodicity
10 20 The cntenon is not quantitative
13 25b they make (it) unnecessary
13 26 the final stage of ... qualified as a Mass extinction
* relates (o meanings in the rzal physical world ] see
# relates 10 meanings to do with the world of research ] Table 4.3.5
‘d. relates to ideas ] below

Material processes

The matenal processes and participants in this article deal with four sets of meanings: the
Nemesis Hypothesis, how ihe researchers did the research, their findings, and their
conclusion. Thus the matenal clauses reflect the sections of the research article:
hypothesis, methods, findings and conclusion.

Hypothesis:

held 1o send periodic showers of comets inio the ivmer solar system, where . ., '"The
companion would currenily lie at a distance of several light-years; *the star would pass
through the dense inner region of the Qort cloud.

Methods:

"*that Raup and Sepkoski pared the 3500 Sfamilies in their data down fo 567 by. ..

"*When Hoffman restored the omitled families to the data; ***Hoffman and Ghiold apply
il to a hypothetical model in which ..
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Results:

"The rate peaked regularly at intervals of about 26 million years;
18b

many of the sharpest extinction peaks disappeared,
Conclusion

“®the regular extinctions said to be the handiwork of Nemesis may never have laken place.

This gives the impression that what the article is about is research — what its writers
hypothesise, how the research was done, and what was found. Implications for both life on
earth and the extraterrestnial forces that influenced it are embedded within normunal groups

and are elaborations on them.

Mental and verbal processes
The sensers and sayers associated with mental and verbal processes are almost all
researchers. The article gives us insight into the thoughts of the researchers and allows us
to hear what they have to say:

S...they determined the rate of extinction (defined as the number cf families thai ...);
70 analyse the effects of that definition, Hoffman and Ghiold ...; **Hoffman found
that ...; *Raup and Sepkoski suggested, '°Dcniel P Whitmire .. proposed, *Hoffman
points out, *Hoffman and Ghiold suggest.

There are far more reporting verbs in the Scientific American article than there are in Raup

and Sepkoski and the textbooks, from which they are almost absent. In the Scientific
American text some of the reporting verbs are consistent with the reporting-on-research

function of the article:

*Alvarez ... reported that, ***The workers proposed that, ® Raup and Sepkoski suggested.;
**Rampino and Stothers... proposed; "°Richard A Muller... proposed . ..

Other verbal processes are conmsistent with arguing between opposing explanations:
“some workers argue that, ** Antoni Hoffman... contends that, **Hoffman points out
that, Hoffman and Ghiold suggest that...; “*Hoffman argues...; *'Raup and Sepkoski

stand by their finding, ‘> Sepkoski also found, **Hoffman found.

These examples reveal that on the whole the writer is on the side of the argument put
forward by Hoffman rather than on the side of the argument supported by Raup and

Sepkoski. Hoffman is far more often said to be ‘arguing’, ‘contending’, 'pointing out’,
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etc. than are Raup and Sepkoski, who, however, have two such verbal processes
associated with their names. The wnter thus attempts to present a balanced case in which
Raup and Sepkoski ‘stand by’ their findings and ‘a/so found’ supporting evidence for their

ideas. This enables the writer to create the appearance of objectivity.

Further evidence for the writer’s support for Hoffman over Raup and Sepkoski 1s found in
the explicit statement iu the writer’s conclusion that it is ‘PPunnecessary fo suppose the
celestial intrusions have becn regular’, and in the final clause complex of paragraph !:
““*4 reassessment of the fossil evidence now suggests the regular extinctions ... may never
have taken place”. This use of reporting verbs means that the wnter stays at arm’s length
from the argument. It is Raup and Sepkeski, or Hoffman that are arguing, suggesting and
pointing out; on occasion even the research itself makes suggestions: “**4 reassessment of
the fossil evidence now suggesis”. Thus the writer very skilfully allows the researchers to
speak for him/her. Combined with use of modality discussed below, the article appears
objective (both sides of the argument presented) but the writer signals the side of the
argument s/he finds more convincing through modality, process verbs and explicit

statement.

Below (cf. 4.3.2.1) ] argue that this text is a narrative of research. However the text goes
beyond this to be a narrative of rival knowledge claims. The verbal and mental processes
combine with nominalisations of verbal and mental processes (e.g. “’reassessment) and
other nouns meaning something like ‘idea’ or ‘claim’ (e.g. ‘notion, “’the case) to make
almost every clausc of the text participate in tracking what was claimed and what the
status of the claim 1s in the opimon of the writer. | illustrate this by reference 10 paragraph

] and 2 orly.

"The notion ... ®In the scenario ... *the Nemesis hypothesis ... the proposal has been the
subject of newspaper articles. two editorials in the New York Times and a cover story in
Time magazine. *A reassessment ... now suggests “°the regular extinctions said 1o be the
handiwork of Nemesis ...

28 . . . . . a1 .
Nemesis and similar theories grew out of an earlier and more modest claim. **Luis W,

Alvarez, ... reported ... **The workers proposed ... *Since then the finding ... have
bolstered the case ...
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Fact Clauses
Gerot (1995:96) suggests that packaging information as facts implies that these facts have
a privileged, accepted status. There are a number of mental (1) verbal (4) and identifying

(1) fact clauses in this article. An example of a fact clause in the Scientific Amencan article

is: "But it also meant that small fluctuations in extinction rate during recen! stages
would be magnified by ... Those facts in clauses 4, 9 and 26 constitute the knowledge
claim of research articles (those of Raup and Sepkoski in 9 and of Hoffman in 4 and 26).
The facts in clauses 15, 17 and 19 are Hoffman’s criticisms of Raup and Sepkoski’s
findings/claims. Five of the six fact clauses express Hoffman’s rather than Raup and
Sepkoski’s point of view, supporting the idea that the wrter sides with Hoffman rather
than Raup and Sepkoski. (This is likely to be a news bias to the most recent findings as
much as a bias in favour of Hoffman or against Raup and Sepkoski). In the Time article,
much of the explanation of the theories associated with the impact hypothesis is contained
in fact clauses, indicating once again that information imported from other texts is often

contained in fact clauses.

Relational processes

There are far more relational processes in this text than there are other types of processes,
reflecting a text primarily about relationships between things: what causes what and how
likely different ideas on the topic are to be true. Many of the relational processes in this

text involve causal verbs, which often join two nominalised processes together:

The gravitational influence of Nemesis would precipitale a comet shower

nominalisation | causal verb | norninalisation |

Conjunctions and prepositions are the typical way that logical-semantic relations are
constructed in English, but the lexicalisation of cause as verbs is a feature of scientific

writing, as is lexicalisation of cause as nouns (nominalisation) (Halliday 1993:92).

Embedded meanings in the Scientific American article.

Table 4.3.4 shows the meanings realised in embedded clauses in the article.
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Table 434  Meanings in embedded clauses in the Scientific Amencan article

Actor Material Goal
li@ | exiraterrestrial forces | have intruded | the history of life

into

221 @ has received the most attention in the ... press
5i @ 10 extend the isolated event ... into a cycle of ...
Siii * | by David M Raup ... | dope
61 # is divided the fossil record ... into which
6ii # defined as the number of families ...
6iii # | by the number of | divided the pumber of families

famjlies existing .. that became extinct ...
12ii* to emvelop the solar system
15bi # cannot be | whose origin and | to single stages

resolved extinction

17 4 [ by the  reduced | would be | small fluctuations io

number of ... magnified extinction rate ...
22bi # | the rate [at which...] | varies at random from stage to...
25a@ | .... influences have shaped the history of life,
206ai # applving varnious statistical criteria | range: to R & S’s data
271 * | that occurred then
270 * having ended the reign of the ...

Senser Mental Phenomenon
12i is thought
25bi 10 Suppose

Sayer Verbal Verbiage/Ranpe/ target
4bi said
Si by the ... workers proposed

Identified Identifving Identifier Circumstance
3i Called the Nemesis hypothesis | after the name of the .. star
4bi to be the handiwork of ...
101 the extinction | reflects the orbital period of a

periodicity companion star ...
16i from the faci thal.. resulting
161 thev Imav represent ._Similar ... groups
241 the stage represents a peak in extinction rate

Carrier Attributive Atiribute
6iv became extinct in the stage
21 the rate 1S higher than in the

preceding .. slages
22bii | families become extinct
23ai the extinclion rate is higher than in ...
23bi its being higher than in the
following slage

25bii | the .. inmrusions have been regular.

bebhaver behavioural matter
16ii are classified many recent {ossils as members of ... groups
19bi identifving a mass extinction

* relates 10 meanings in the real physical world

# relates to meanings (0 do with the world of research

(@; relates 10 ideas

Roman numerals indicate embedded clauses. For example 25bii refers to the 2™ embedded clause in

clause 25b.
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Table 4.3.5 summanses the differences in kinds of meaning realised in ranking compared
to embedded clauses. Differences between ranking and embedded material clauses in the
kinds of meanings realised, are not as stnking as in the textbook, McGhee, which has
meanings to do with the real world and research in embedded clauses compared to

abstract meanings i ranking clauses. In the Scientific American article there are more real

world meanings and fewer abstract meanings in the ranking clauses than in the embedded
clauses. This seems to be because the embedded material is more likely to have been
imported from another text (i.e. a research article). Most processes and participants that
concern the extraterrestrial forces and all the meanings to do with implications for life on
earth are contained in embedded clauses. Extraterrestrial forces or bodies: 'intrude,
*strike, ***shape the history of life, *'end the reign of the dinosanrs, as well as the less
threatening '*lying at a distance of .. . and “passing through the Qort cloud. Life and
living things, 'history of Iife, “fossil record, Sfamilies, Ydinosaurs are ‘intruded upon,
Hshaped and *'ended, by the extraterrestrial forces. The circumstances associated with
matenal forces are to do with time and place, mainly the time and place of these events

initiated by extraterrestrial forces.

_Table435  Summary of kinds of meanings in ranking and embedded clauses

Rea) world meanings | Research meanings | Abstract meanings | total ‘
Ranking material clauses 6 (50%) 5 (42%) 1 (8%) 12
Embedded material clauses | 4 (27%) 7 (47%) 4 (27%) | 15

Circumstances

Table 4.3.6 indicates that circumstances of location are most prominent in this article.

Table 4.3.6 Circumstances in the Scientific American article

| Extent. Location: | Location: | Manner | Cause | Contingency | Role | Matter
temporal | place time '

1 8 (38%) |3(14%) |3 (14%) | | 1 1 4(19%) | 21

Such circumstances (specifically of location) refer to where things happened, in terms of
astronomy, (' at a distance of several light years, Zat its closest approach (o the sun), or

“®an editor selected it from a list of possibilities;, “ they apply it

where in abstract space (
10 a hypothetical model). Circumstances of location in time refer to when discoveries were
made or research done such as **in late 1983. These circumstances combine with a number

of marked themes to make the article into a narrative of how research in this area has
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progressed. Unusually in the texts in the study, matter is also important. These refer to
theories (**In the scenario that has received the mosi atiention in the scientific and
popular press) and stratigraphic stages (*For each siratigraphic stage into which the
Sfossil record of the past 250 million years is divided).

4.3.1.3 Summary and overview of Field in the Scientific American article.

As in the Time article there are a large number of human participants in the Scientific
American article, indicating a text that is far more personal than the research article and
the three textbooks considered. Most of the human participants are specific and half are
the subject of major clauses collocating with mental, verbal and material processes
indicating that the text is about researchers and their conflicting knowledge claims. By
comparison with the article in the Mail and Guardian researchers collocate with most of
the verbal processes and thus they are given the major voice in the article. Use of verbal
processes such as ‘contend’ and ‘argue’ allow the writer to stand back from the argument
and appear objective. Because the human panticipants are researchers active in the field,
their utterances and the fact that they are in a sense elite people give the article authority.
Not only is the article authoritative, but the writer also gives the impression of being
objective 1n that the researchers appear to be arguing while the writer appears to be
neutrally reporting what they say. These verbal processes combine with circumstances of
time to make this article a narrative of contending knowledge claims. By contrast with the

textbook by McGhee, in the Scientific Amencan text it is the abstract information rather

than the real-world information that is likely to be located in embedded clauses. This
makes the abstract meanings less easily challenged by the reader. The verbal processes in

this text make it into a debate between rival research claims.

4.3.2 Mode in the Scientific American article

In this section I consider, under the categories of theme, nominalisation and embedding,
passivisation and conjunctive relations, the ways in which the author of the Scientific

American article has chosen to organise the message.

4.3.2.1 Theme in the Scientific American article

Table 4.3.7 provides a clause by clause analysis of theme in Scientific American In the

fourth column of the table 1 signal the markedness of themes using Gosden’s (1992)
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categories. Like the research article and textbooks in this study, the Scientific American

article also wishes to appear objective, and in the value system of journalism this means

giving “both’ sides of the story. This the article does, but by skilful use of marked themes,

amongst other things, the writer signals to the reader that ‘one side of the story’ is more

credible than the other.

Table 4.3.7 Theme in the Scientific American article
. Textual | Topical | markedness
1 | rTThe notion ((that extraterrestrial forces have ...intruded ...)) ! ‘heavy' theme
2a I—b[n the scenario ((that has received the most attention in ...)) Location in space |
| where | Some of the comets - f""_/* B )
3 __' Called the Nemesis hypothesns after the name of the .| Preposed attributive
42 A reassessment (of the fossil evidence) now /7 L
4b the regular extinctions said to be the handiwork of Nemesis* &
28 Nemesis and similar theories - .
29a . Inl979 _Location in time
25b | that a layer of clay [[deposited ‘at the end of the Cretaceous ‘heavy’ theme
| | miilion yearsago in Italy, ...]| S —
30a " Iridium ~ L .
30b | but _ -~ | contrast_ ]
31 | |4 Widespread extinctions, [[ includjpetfie demise of the dinosaurs}]
32a The workers T ]
| 32b ! that | | PThe extinctions and the iridium layer o . B
33 ——ﬁncc then | Location in time
5a The imperus ((to extend the isolated event ((proposed by the | ‘heavy’ theme
| | Berkeley workers)) ))
6
7
(8 Statistical te : s -
9a Raup and Scpkoskl o - L B
r9b thet ! the periodicity*
[34 ——Astronomers and astrophysicists - | N
35 | . In several scenarios _ | Locauon in sp_agc
| 36a __—bw_h_chae_l R Rampino and R.lCha.rd_B___SLﬂ_f_lcrs of .. 4 | “heavy' ' theme
36b | for during passages through the galactic plane, llwhich occur at | Location in time
| exampld | intervals of about 33 million vears)) Addition: apposiiive
' that . ‘heavy’ theme
10 —pDaniel P Whitmire of the University of Southwestern Louisiana and = “heavy’ theme
_Albert A -
11a [~ The companion <« )
11b  but | P its orbit | contrast
12 Every 26 million vears, at its closest approach 1o the sun, | Location, time & space _
13 . The gravitational influence (of Nemesis) N
l4a Thestar )
14b  when an editor at Nofure " Location in ume
“—ﬁpport for the notion of periodic impacts . - 3
other geologic events [including reversals in the e:mh s .. r<ss _heaxv theme ]
| The proposed mechanisms o 1 _ B
It appears, for example,
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403 | | As for the Nemesis model, ~ 'mater
| that "2 companion siar [at the great distance [[that is required|] | | ‘heavv’ theme
41 | —Now | Location in time
42a | pdn a recent paper in Nature - _ | Location 1n space
42b  that uncertainties (it fossil daung and biases in R &S’ M ‘heavv’ theme
| 15a ' T Hoffman - ]
15b | that | |\-pRaup and Sepkoski* ) 1
16 1] The culling (of the data) ) - | o
17a | But ﬂlt [culling of the data - contrast -
18a +PAWhen Hofiman restored the omitted families to the data | Location in time
43 —_—'ﬁe original finding of periodicity also I 1 ]
44 . Equally plausible time scales .. 1 )
45 | ! #Gwen a time scale ((djﬂerem from the one R aud S adopted,)) concession
19a | In another line of ar. i | Location in space |
19_b  that Raup and Sepkoski’s criterion for identifying a mass cmncuon‘ | )
:E The critenon S L
21 Instead | an n episode of mass e\*tmcnon - k__’_g_,_ | contrast o
(22a To analysc the effects of that definition Clause as theme
- - . | Cause: purpose
23a_ For each stage - Location in time
23b _-r—the likelinood ((of its bemg_blthcr than i 1in the followmg _ge)) | ‘heavy’ theme -
24 T he probabmry ((that the stage represents a peak in extinction . ) | ‘heavy’ theme
46 ' Evenif | | extinction rate varies randomiy, concession
. - - Clausc as theme n
47 | ~hrthe time scale Raug and Sepkoski adople:d - | _Location in time
482 Hence, Hg@fr_r_)an | Cause: result
48 &S’s de/mmon ofmas‘\ extinction tﬁcther with their llme scalc | - -
4%a | There may e [
49 b_gt | the regulariry o —— __contrast_
50 If it is, 7 Clause as theme
- Condition: hypothetical
51 | _—Raup and Sepkoski B - B - - L
| 522 . _:__hn their original work - o bocanon m spacc
52b  and - - N
533. . = - The 26- rmllion-\ear cycle
53b_ whical | - - o - iy
53¢ that it - o o - _
53 and N - - )
| 54a Smce then | Location in ime
[54b P the 26-million-year periodicity - L -
El epkoski _ _ i _
56 Repons of both new analyses
25a —Hoffman’s arguments o o !
25b  even 1f ghey o - | concession
| 262 ) In applving v anous stausllcal criteria 1o Raup and Sepkoskl s data _ Cause: purpose
| 26b | that __‘sjhe final stage of the Cretaceous R - -
27 “plhe ... disruprion ... ({(that occurred then)) and the iridium lav er | ‘heavy’ theme

nominalisation: ilalics: clause as theme: bold: marked theme: underlined

Table 4.3.7 indicates that thematic development of the Scientific American article is

achieved through marked themes, largely circumstances and ‘heavy’ themes (listed in the
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fourth column), and also through some maintenance of theme (marked by arrows in the

second column). In general the circumstance as marked themes in the Scientific Amencan

article can be divided into two groups. Firstly there are those that concem where and
when events have happened in remote time and space: '“during passages through the
galactic plane;, >Every 26 million years, at its closest approach tc ihe sun. These marked
themes combine with circumstantial adjuncts in unmarked clausal positions to pant a
picture of events that are extremely tar off in both time and space: 'regularly and

)ia

catastrophically; Zinto the inner solar system; "at intervals of about 26 million years, at a

distance of several light years; *towards periodicity.

Secondly, there are those marked themes that concern recent time and space: when
research took place, the models and methods researchers used, and where and wheun they
published the work:

“In the scenario ((that has received the most attention in the scientific and popular
press)): 2In 1979; *Since then; °For each sirafigraphic stage ({into which the fossil
record of the past 250 million years is divided)), BIn several scenarios: **As for the
Nemesis model: “*In a recent paper in Nature; '**In another line of argument {(presented
in a paper in Geological magazine.)): “’In the time scale Raup and Sepkoski adopled:
2In their original work; **Since then; **In applying various statistical criteria 10 Raup
and Sepkoski's data.

It is clear that these adjuncts keep drawing the readers’ attention to the research, its
methods and theones. In many cases this is preparatory to mentioning criticism of Raup
and Sepkoski’s work. These marked themes combine with a number of circumstantjal
adjuncts used In the article to make the text into a narrative of how research in this area
has progressed:

“in late 1983; 'a litle more than a year ago; “in the scientific and popular press
"Sfrom a list of possibilities ((Muller and his colleagues were considering))

For the most part, the marked themes in this article function to signal the progression of a
narrative of research into the idea of an extraterrestrial cause of mass extinction. They
signal what researchers are involved, when and how they did the research, what their basic
findings were, the controversies between researchers and ultimately which researchers the
writer thinks are nght.
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Besides all the circumstances of time and space as marked themes there are also many
marked ‘heavy’ themes. According to Thompson (1996:14)) a common function of these

is also to specify the framework for interpretation.

Almost every paragraph has a heavy theme in the first clause or a circumstance of time and
space in the second clause or a combination of these. The writer uses these two devices to
specify the framework for the interpretation of the paragraph (Thompson 1996:141).
Examples of paragrapks that have the combination of heavy clause followed by
circumstance are paragraphs 1 (clausel and 2a), 3 (clause 5 and 6a), 4 (clause35 and 36a),
and 11 (clause 46 and 47).

The large number of marked themes — circumstances of both time and space, and ‘heavy’
themes - indicate that the wmnter i1s keen to keep specifying the framework for
interpretation, and to guide the reader closely in interpretation of the text. This close
guidance In telling the reader what i1s important in the text, and how to interpret the text,
coincides with the structure of the text, which i1s only apparently a debate structure. As
discussed above in section 4.3.1 closer reading indicates that the writer is clearly in

support of one of the voices (Hoffman) rather than the other (Raup and Sepkoski).

Apant from the use of marked themes in structuring the text, as the arrows in the Table
4.3.7 show, the wrter uses a mixture of maintenance of theme (same theme as the
previous one) and progression of theme (theme drawn from the previous rtheme)

throughout the text.

In summary, the analysis of theme above indicates that the writer of this text guides the
reader very closely in the interpretation of this text. To do this the writer combines use of
‘heavy’ theme in the first clause of a paragraph with marked theme in the form of
circumstances of time and space in the second clause of each paragraph. As I suggest
above, this signals to the reader what is important in the text and how to interpret the text.
This close guidance supports my suggestion elsewhere that the text only apparently gtves
equal voice to the two rival knowledge claims/voices in the text. In fact the writer clearly

supports one of the voices and gives little credence to Raup and Sepkoski.
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4.3.2.2 Nominalisation and embedding in the Scientific American article

Nominalisation turns a process into a thing and locates it in the nominal group. Embedding

extends the nominal group, but locating a phrase or clause within it.

Nominalisation in the Scientific American article
In this article nominalisation (cf. sections 4.1.2.2 and 4.2.2.2) is more common than it is in
the other two popular articles in the study. This may reflect a readership of a greater

proportion of scientists than the readership of Time or the Mail and Guardian.

In the Scientific Amercan text, 27 different nominalisations were found in about 900

words of the text (paragraphs 1, 2, 3, 5, 8, 10 and 13). I will discuss these under two
categories: those that function in the narrative of research in the text and others as part of

cause and effect argument in thus very closely argued text.

Nominalisations that function in the narrative of research

“atiention, *hypothesis, ‘proposal, ‘‘reassessmem, *claim, finding, ‘analysis,
argument, * definition, ***arguments
They functiop as part of the narrative of research and rival knowledge claims discussed

above. They combine with nouns like 'notion and #scenario to allow the author to track
what ts being claimed and the status of the claim in the writer’s opinion. Of these, some
C hypothesis,*hypothesis, Preassessment, *finding,) avoid mention of agent. Most of these
are in the introductory paragraph that provides a broad sketch of what is to come. Their
function does not therefore appear to be concealment of agent. Other nominalisations
(Battention, ®claim, Sanalysis, "%argumenz, 2’deﬁm’non, 252‘argumems) mention the agent

in the same or a previous clause.

Nominalisations that function in cause and effect argument
The second and more numerous category of nominalisation involves processes and
attnibutes that have been transformed into nouns. These nominalisations function in cause

and effect argument as descibed by Halliday (1993:61):

6.155,195.23 8.9b.10.)%b

y s . X . . . e .

currency, “evidence, **anomaly, extinclion, periodicity, "“approach,

16 . 1 . . \ . 4 Ly g,
culling.  "“uncertainty,  fluctuations, Z*¥probability, P likelihvod, ipossibility,

Ay, . . . .

“*intrusions., ¥ disruption, “reign.

Two further nominalisations are adjectives that are used as nouns - in fact abbreviations:
'Cretaceous [period], 'possibilities [possible explanations].
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The Scientific American article is shown in Table 4.3.8 below to have a significantly larger

number of nominalisations than the other two popular texts, perhaps a reflection of the

greater knowledge of science of the readership of Scientific American. The readers of the

Mail and Guardian and Time are not expected to be scientists as the readers of Scientific

American are. The high number of nominalised mental and verbal processes supports the
idea of this text as a narrative of rival knowledge claims. Not surprisingly, compared to
Raup and Sepkoski and Duff, none of the popular texts uses nominalisation to avoid
mention of agency. As my discussion of human participants and passivisation shows,
popular texts have no motive to avoid mention of agency, as impersonalisation is not how
objectivity is achieved in news articles. Instead, the writer achieves both objectivity and
authority by attributing ideas to human participants and using them to construct his/her

argument.

Table 438  Number and function of nominalisations in the different texts

R&S | Duff | McGhee | T&H | Scientific | Tim | M&G

American | ¢
Different nominalisations per | 43 56 |45 7 30 20 |18
1000 words
Number of nominalised mental & | 5.6 56 |54 3.6 11.1 3.0 |6.1
verbal processes/ 1000 words
Technical terms v v oV v v v ol-
Cause and effect argument and | v v |V v v
keeping reasoning in same clause ]
Mention of agency avoided 4 v

In brief, the nominalisation in this article functions in constructing the argument over
whether research into an extraterrestrial cause for mass extinction is convincing The first
involves nominalisation of mental and verbal processes such as “reassessment and
>analysis. By becoming actors in the text these function in making this text a narrative of
rival knowledge claims. The second type of nominalisation functions in facilitating

efficiency in argument..

Embedding in the Scientific American article

This text is highly embedded, and the embedding serves the function of adding specificity,
adding detail, and adding intertextual information on which the ranking clause can

comment.
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1. Embedded material that adds to the specificity of what is said

3\ Widespread extinctions, [including the demise of the dinosaurs,] marked the end of the
Cretacecus

he extinctions and the iridium layer had a common cause: the impact of an
extraterrestrial object, [probably an asteroid about 10 kilome1ers in diameter. |

the periodicity reflects a recurrent event, [probably of astronomical origin,] in the
physical environment.

SFor each stratigraphic stage [[into which the fossil record of the past 250 million years
is divided]] they determined the rate of extinction [[(defined as the number of families
that became extinct in the stage divided by the rmumber of families existing during the

stage). /]

2. Sometimes this addition of greater specificity shades into the addition of detail:

*The impetus to extend the isolated event ... came in late 1983 in the form of an analysis
of stratigraphic data on Jfossil marine animals [[done by David M Raup and J John
Sepkoski Jr. of the University of Chicage.]]

**Michael R Rampino and Richard B Stothers [of the National Aeronautics and Space
Administration’s Goddard Institute Jor Space Studies] proposed. ..

4(The star got its name “**when an editor at Nature selected it from a list of possibilities
[[Muller and his colleagues were considering.)]/

3. Evaluative authorial comment (bold face) in ranking clauses on intertextual
embedded information:

"The notion that [{extraterrestrial forces have regularly and catastrophically intruded

into the history of life] | gained wide currency. ..

“In the scenario [[that has received the most attention in the scientific and popular

pressj]...

*[[Calied the Nemesis hypothesis after the name of the puative star]], the proposal has

*Since then the finding that [[an iridium anomaly exists at many other sites around the
world and that the iridium-rich clay also contains minerals apparently altered by heat
and shock]] have bolstered the case_..

"“Daniel P Whitmire ... and Albert A Jackson ... proposed models [[in which the
extinction periodicity reflects the orbital period of a companion star of tne sun.J]

“"But it also meant that [[small fluctuations in extinction rate during recent stages would
be magnified by the reduced rumber of families under consideration.]]

“*Hoffman’s arguments do not rule out the possibility that [[extratervestrial influences
have shaped the history of life]] ...

What is said in this article from Scientific American seems to be at several removes from

the author, who develops an argument something like: ‘researcher x, reporting in journal a

reports finding p. However researcher y, reporting in journal b disagrees with finding p
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because of ¢’. Thus a lot of the embedding in the article ts a result of the fact that the

article i1s reporting on:

a. What certain researchers (x) have done

b. What yet other researchers (v) have said about what these researchers (x) have done
and what these other researchers (y) have done in response.

c. The author’s source of information is research articles, which may report on
researchers x’s research in response to his/her disagreement with the research of
researcher y.

This makes for extremely embedded clause complexes such as the following:

“%In another line of argument, [[presented in a paper in Geological magazine,]]
Hoffman and Joe Ghiold of Louisiana State University suggest that "Raup and
Sepkoski's criterion [for identifying a mass exiinction] is biased towards
periodicity.

Often there are two nominal groups with embedded clauses or a nominal group and a

prepositional group both with embedded clauses joined by a process. For example:

For each stratigraphic stage [[into | they determined | the rate of extinction [[defined as the
which the fossil record of the past number of families that became extinct
250 million years is divided]] i the stage divided by the number of

families existing during the stage]).
Prepositional group wrth | pronoun | process Nominal group with embedded clause
embedded clause ‘

In summary, most embedded matenal in this Scientific American article serves to add

information of a greater degree of specificity to the nominal group than that found in the
ranking clause. This was one of two important roles for embedding in Raup and Sepkoski.
the othey being the packaging of central propositions into facts. There are however very

few fact clauses in the Scientific American article. In it (as in Raup and Sepkoski, and the

three textoooks - Duff, McGhee, and Trefil and Hazen,) there is some tendency for
material imported from other texts to be sited in embedded clauses, and for the author to

comment evaluatively in the ranking clause on this embedded material.

4.3.2.3 Passivisation in the Scientific American article

Most verbs in the Scientific American article are active, with only nine verbs in the 1500

word passage being passive. Where the passive is used it does not appear to be the
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function of the passive to hide the agent, as this is (a) supplied esther in the same sentence
(3 cases: clauses 2a, 5, 17) or (b) part of well established scientific fact and so the agents
are easily understood as the generic ‘by geologists’, ‘by Physicists’ etc. (5 cases: clauses 6,
12, 15b 16 clause 40b.) An example of this is ®‘for each stratigraphic stage into which
the fossil record of the past 250 million years is divided ...”). Only in the case of clause 5
is the agent present in object position. In one case use of the passive does conceal the
agent (3}The proposed mechanisms have been criticised.) The purpose of this does not
appear to be to conceal controversy as witnessed in the process have been criticised R
and in the fact that the author s not reluctant to be specific about the parties (Hoffman on
the one hand and Raup and Sepkoski on the other) in another part of the controversy

elsewhere in the article.

Clause 38 js the only case where the passive process is in a ranking clause. In the other
eight cases the passive verb is found in an embedded clause and is describing/ elaborating
on the head noun of the nominal group into which the clause 1s embedded (5 cases: 2a, 5,
6, 12, 40b). In two cases (clause 16 and 18a) the embedded clause is a fact clause. In

seven of these eight cases the agent/sayer is not present and focus i1s on the

goal/phenomenon.

This analysis confirms the findings elsewhere in this analysis that the writer has no wish to
conceal agency in order, as was found in the research article and textbooks, to promote
the impression of objectivity. In fact, as is the way with much joumalism, this text
attributes ideas and arguments to authoritative human participants for the very purpose of

promoting the impression of authorial objectivity.

In summary, because the text is framed as a debate belween the human participants, use of
the passive in this text is infrequent and, where present, is mainly found in embedded
clauses In these it serves not to conceal the agent or pretend that there is unanimity of
opinion, but rather it serves textual ends: the goal or phenomenon is what is being
foregrounded and these are thus in thematic position within the embedded clause. Use of

the passive is equally unusual in both the other popular texts in this study.
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4.3.2.4 Conjunctive relations io the Scientific American article

The conjunctive relations in the Scientific American article coincide with the human

participants, theme and evaluation (4.3.3.3) in indicating a narrative of conflicting
knowledge claims, I begin by mapping out the use of conjunctions in each clause in Table
4.3.9. From this Table, it is clear that there are only two internal conjunctions in this
article, both of them serving in pointing to examples. There are many external
conjunctions. A large proportion of these are temporal and spatial, as outlined above in the
discussion of theme. Temporal and spatial circumstances account for much of the structure
of the text. For the most part, these track when research was done and claims made about
it, and in some cases where this was published. This supports my contention that this s a

narrative not only of research, but also a dialogue of claims arising from that research.

Adversative conjunctions are also common, as expected in a dialogue/debate between
opposing interpretations. There are also some causal and conditional conjunctions. The
conditional conjunctions play a part in the wrter’s arguments concemning which
researchers are more reasonable in their claims: **Even if extinction rate varies randomly,
S%1f it is, *the case for Nemesis and its companion theories weakens.

Pbeven if they make it unnecessary to suppose the celestial intrusions have been regular.
Although conjunctive relations in the Time article show many similarities with those in the

Scientinic American article, adversative conjunctions in Time are rare reflecting the fact

that although opposing viewpoints are aired in Time there is no attempt to link these.

As in Raup and Sepkoski and the three textbooks considered, causal relations are usually

noi realised conjunctively in Scientific American. Rather, they are realised clausally in

identifying processes, as can be seen in Table 4.3.2.

In summary, in this article external (real worid) conjunctive relations predominate over
internal (rhetorical) conjunctive relations. Temporal, spatial and adversative relations
tracking claims made about research predominate, confirming this text as a narrative of

research and of claims about research. Causal relations are mostly realised clausally rather

than conjunctively.
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Table 4.3.9: Conjunctive relations in the Scientific American article

| Intemnal conjunclive relations: rhatorical | clause Extemal: real world conjundive |
drucure relations [
| i
2a Wﬁ;[ In the scenanio thal has reczived
the most attention
2b
2c 5 spatial . where
2d [
3 |
' 43 I -
L 4b
28
- 29a - Eﬂ';_orai: specific | In 1979
- 29b
- 30a N o |
- 30b Hxtension: adversative but |
3 O I
12 - B
33 Temporal: durative | Since then
Sa
- 6 spajial ___ Forcach sratigraphic tage
7
—_— 8 B —— — —
L 9
34 »* |
[ spafial | In several scenarios ]
Elaboration: example 36 . - | forex.arm)_l_clhai
10 |
T ila w.! | e B
1. . 11b Extpnsion: adversative B b
12 . Temporal: repetitive Every 26 million years
|- . Sptial ) __ Alits closest approach tothe sun |
13
o laa W A_’ B -
14b N Fepporal: simultancous ) when - i
L 37a |
37b - —
B 38 . o - - o
Elaboration: example 39 | | forexample B
N - 40a Clarification: resumptive As for the Nemesis model
41 * Temporal: pundiliar - Now
. 42a b spatial _In arecent paper in Nature |
(I 42b - o
) 15 ) -
o 6 w| o
- 17a N Extension: adversative But
b 17 - o
182 Temporal: immediate When Hoffman restored  the
- B omitted famulics to the data
P 18b - o - -
o - 43 N j o N ) o
y——— _— 44 3 B o
45 - B
o 19 " spatial In another line of argument i
= e 20 L4 o e I
. o 21 \ Extension: variation: replacive Instead
222 Al Cause: purpose To analysc the cffedts of that
S | definition ]
o 22b k__ B - ]
| 232 M Temporal: repatitive For cach stage |
S 23b
| 24 ) -
- 45 Cmdili_qml:coni_\z' E\'_enii"_ S B
47 Temporal: specific In the timescale R&S adopted
L B 438 Causal: general Hence
e - 492 -
. 49 Extension: adversative | but o
(i 50 Conditional: positive CIfis




Popular science: Scientific American 190

51
520 ‘\1\ Temporal: specific In their origmal work
52b N Extension: addition and
53a *_ .
53b
53¢ Extension: addition | and
53d \ -
- 54a Temporal: durative _Since then.

54b |

—_— —_— 55 - — - M
56
25a

- - 1 25b ﬁmdiﬁonai: concessive | evenif

4.3.2.5 Summary and overview of Mode in the Scientific American article

In this article the marked themes (including textual themes/conjunctions of contrast and
circumstances of time and place), combined with nomrralisations of mental and verbal
processes, function to signal the progression of a narrative of research into the idea of an
extraterrestrial cause of mass extinction. By use of marked themes the wnter guides the
reader very closely in the interpretation of the text enabling the writer to support one of
the voices in the debate about research in the article while appearing objective in that s/he
is merely reporting what is said. In contrast with Raup and Sepkoski, Duff and McGhee
there is little passivisation. Most of the passivisation is in embedded clauses and serves
textual ends rather than serving to conceal agency. Both the organisation of the text into a
debate and the Jack of passivisation to conceal agency confirm that the chosen method of
achieving an appearance of objectivity is through atiributing ideas and arguments to
human participants involved in the debate This 1s different from the textbooks and

research article, which established objectivity through removal of people from the text.

4.3.3 Tenor in the Scientific American article

Tenor refers to the roles of the reader and writer of a text and interaction between them.

The Scientific Amerncan text is written by a science journalist for an audience of mainly

scientists. We therefore do not expect any distancing from science or scientists. In this

section I consider the categories of Contact, Affect and Status, Hedging, and Evaluation.

4.3.3.1 Contact, affect and status in the Scientific American article

In this section (cf. 3.2.5, 4 1.3.1 and 4.2.3.1) 1 consider Contact, affect and status in the
Scientific American article, they being three categories which Gerot (1995:104) uses to
tlluminate the interpersonal metafunction.
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Contact in the Scientific American article

The writer shows solidanty with readers (which ts what (Gerot 1995:104) means by
contact) in that they are expected to find newsworthy and of interest the controversies in
fields other than their own. Specifically, the writer expects the reader to be interested in
argument over possible models for theories. To the resders the trustworthiness of the
methods used in a piece of research are important. The readers are therefore projected as
people who show an interest in following the details of research in other fields, and who
care about and understand the statistical basis on which the claims in the article were
made. The writer is popularising science for a very select and literate group — scientists in
other fields. There is some technical language (such as probability, extinction rate,
periodicity, artefaci etc.) likely to be accessible to any scientist There are a fair number of

nominalisations, 100.

The text is formal to the extent that reader and writer are not mentioned but many

researchers and their institutions are mentioned. The text can also be characterised as a

narrative of knowledge claims.

A certzin amount of scepticism ('notion, Zscenario, *dim, distant companion star etc) is
shown for one of the sides of the argument. However, as the writer supports the other side
of the argument we cannot view this as indicating that the writer views science as ‘other’
in the way that is seen in the Time and Mail and Guardian articles. For the wrnter and
readers, being a scientist is the norm. They are not referred to as scientists, but rather by
name or as “‘Astronomers and astrophysicists’ and ““*workers’. The writer projects
readers who participate in the values of the scientists whose work is discussed. For
example the readers are likely to share the scientists and writers criticism of research that

is '**biased and ®not quantitative.

Solidanity with the readers is also shown in this article through the use of a photograph
(see appendix page23). This depicts a crater caused by extraterrestrial impact. It is taken
frorn above, which Kress and van Leeuven (1996:149) view as making it objective.
According to them, this is the angle of maximum power for the viewer, as it ‘contemplates
the world from a god-like point of view’. The photograph illustrates the possibility raised
in the article of the possibility of an extraterrestrial object hitting the Earth. It serves as

objective proof that such impacts have occurred. This is a real photograph of a real crater
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that exists on earth. Its truth-value is high. It is real evidence. In terms of the ideational
metafunction, this image is analytical with the crater being the carrier possessing various

attributes such as size which are enlarged upon in the caption of the photograph.

[ would contend that the wiitten text in this anticle is primary and the photograph
elaborates on it. This is bzcause although we may peripherally perceive the photograph
before we read and comprehend the first few sentences of the written text, unlike the

immediately recognisable 7-rex in the Mail and Guardian article, the crater is not

unmediately familiar to us. We do not recognise it for wha it 1s unti] we examune it closely

or even read the caption.

In terms of composition of the article as a whole, the photograph of the crater is at the
bottom (Real) and on the lett (Given). The photograph represents the Real/earthly, and the
wnitten text, which speculates about mass extinction caused by extraterrestriai bodies that
cause such craters, represents the Ideal/possible/extraterrestrial. The crater is the Given,
the text and its specularions about how such craters were formed, and what the lkely

result of their formation was, are the New.

AfYect in the Scientific American article

Affect refers to ‘positive or negative attitude of the writers to the readers and what they
are talking about’ (Gerot 1995:104) As discussed above in section 4.3.1, the idea of an
extraterrestnal cause of periodic mass extinction is treated with irony in the Scientific
American article:

' The notion thar extraterrestrial forces have regularly and catastrophically intruded into
the history of life ...
2In the scenario that has received the most attention... “a dim distant companion siar of

3 - . o

the sun ... “pulative star ..proposed mechanisms have been Pcriticised.. focus of the

PP 25b .y . )
criticism... “celestial intrusions.

Raup and Sepkoski are also represented as using faulty research methods:

“Puncertainties in jfossil dating and biases in Raup and Sepkoski's methodology cast
doubt on their results ... Raup and Sephkoski P pared ... their original data down ...

The '%ulling of the data ... Their criterion ... is *°biased ...criterion not quantitative ...
regularity could also be an **artefact.

15h

Interestingly, the statement that ““the criterion is not guantitative is not hedged,

suggesting that the writer agrees with Hoffman and Ghiold’s negative assessment of Raup
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and Sepkoski’s research. In the next clause complex Raup and Sepxoski are represented
as having oversimplified in thetr claim that:

2\ an episode of mass extinction is simply any local peak in extinction rate

Although this attitudinal lexis indicates that the writer is against the theory of penodic
impact, objectivity is signalled in the journalistic way (rather than the way employed in
research articles and textbook), t.e. constructing an argument through quoting the

arguments of others, in this case researchers.

The writer represents scientists as sincere and effective in gathering evidence and
generating theories (unlike their representation in the Mail and Guardian anicle) and as
ordinary people (like the readers) not as possessing religious/mystical attrnibutes (as in the
Time article). In the view of the writer it is possible to develop reliable theones but to do
so the evidence, (which must be *quantitative), must be properly interpreted using the
right statistical methods (not ‘*biased) By contrast, in the Time article, scientists are
portrayed as a group apart from the group formed by writer and readers, although the
portrayal of scientists is largely positive (religious authority and intelligence/‘geekiness’)
projecting a readership who views science positively. This scientist group has almost
religious authority Cquest, *like a seer divining entrails. **Eyes turned heavenward) on
the one hand, but a certain ‘geekiness’ on the other Cscurry around in the unheated dome,
¥carefully chiselling through the rocks outside Gubbio, *Tintricate statistical
gymnastics, ***advanced radiometric fechnigues). In distancing itself from scientists the
text employs one of the ideological strategies indicated by Eagleton (1991): that of
mystification This mystification contributes to two powerful myths about scientists:
science as authoritative (Lemke 1990) and science as the province of ‘geeks’ — highly
intelligent but eccentric and even socially inept. Both of these myths serve to position

science as outside the province of most readers.

Status in the Scientific American article

Status, as | indicated earlier in 4.1.3.1, refers to how the writer includes the reader (Gerot
1995:104). The Scientific American article is impersonal. Self and reader are not referred
to at all. At first time of mentioning them, the researchers are referred to by first name,
middle initial, surname and the institution they are associated with, signalling their status

as an elite group. Thereafler they are referred to by sumame only. This is more personal
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than in research articles which generally refer to researchers by surmame only throughout.
Through the text, scientists, or those with an interest in science, are included in fields
other than their own. The narrative genre is a bid to include the reader. This narrative
element is even more marked in the Time article, presumably because readers of this article
are not scientists and the writer uses this greater narrative aspect to include them in the

> % Ypunt or *quest for an

text. The article is framed as a narrative of researchers
explanation of what causes mass extinctions. The narrative tone is set nght at the
beginning of the article:

"*In the Evening around the Leuschner Observatory in Lafayette, Calif , a few enterprising

rattlesnakes slither out '°to toast themselves on the asphalt parkang lot

To summarise contact, affect and status, the writer of the Scientific American article
projects readers who are scientists and regard science in a positive light. By contrast the
Time article projects readers who are positive about science but who are not themselves
scientists. Scientists are thus portrayed as ‘other’, as being slightly ‘geeky’ but possessing

religious authority. The intent of the Scientific American article is inclusive in that the

author includes the readers in fields of research other than their own.

4.3.3.2 Hedging in the Scientific American article

Hedges express tentativeness and can either be used to show a writer’s lack of
commitment to a proposition or a desire not to express commitment (Hyland 1996a: 478).
As I discuss below, categorisation of hedges into different types is particularly difficult in

the Scientific Amencan text, because it is not always clear what the source of the hedge is

— the writer of the article, or the research article from which the information is drawn.

I interpret the hedges marked in the table with an asterisk* in Table 4.3.10 as writer-
oriented as I view the writer as hedging content rather than assertiveness. 1t is not the case
that the writer is committed to the truth of the proposition and is merely saying it in an
indirect way in order to be polite to readers. Instead the writer views it as a possible
model: we could even view these uses as verging into reliability hedges. From this point of
view the use of modality in for example:
"*The companion would currently lie at a distance of several light years ..

reminds the reader that this, as explicitly stated in this case, is a model:

" _and Richard R Muller of Berkeley proposed models in which ...
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2a

...a dim, distant companion star of the sun is
held to send...
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article using Hyland’s (1996) model

Writer-oniented hedge: signals lack of writer
commitment to p; impersonal claim by uncrted
others: makes it weaker

4 A reassessment now suggests the regular | Writer-oriented  bedge. Claims  that  the

extinctions said to be... reassessment suggests ft but in fact the witer 1s
also supgesting it

4 ... the regular extinctions said to be the | Writer-oriented hedge: signals lack of writer
handiwork of Nemesis may never have taken | commitment to p; impersonal claim by uncrted
place others: weaker

4 ... the regular extinctions said to be the | Reliability: “indicate the writer’s confidence in
handiwork of Nemesis may never have | the truth of p / desire to explicitly convey an
tzken place assessment of the reliability of p**

5 ..the isolated evemt proposed by the | Writer-oriented
Berkeley workers...

9 Raup and Sepkosk suggested that the | Writer-onented. Writer distances self from p
pcaodicity reflects a recurrent event,...

9 Raup and Sepkoski suggested that the | Reliability
periodicity reflects a recurrent event,
probably of astronomucal origin...

10 | Daniel P Whitmire ... and ... proposed | Writer-onented
models

I1a | The companion would currently lie ... *Wrter-onented/reliability

11 | its orbit would be eccentric *Writer-oriented/reliability

b

12 | star would pass through ... the Oort cloud *Writer-oriented/reliability

12 | a region of comets that is thought to [ This seems to be a reliability hedge. It assesses
envelop the solar system the reliability of p. It's not known with

certainty but people in general think this.

13 | The gravitational influence of Nemesis [ *Writer-oriented/reliability
would precipitate a comet shower

15 | Hoffman peints out that ... Writer-oriented

16 | classified as members of extant groups [ Reliability hedge: this is represented as a
although they may represent | genuine possibility: the content is being hedged
morphologically similar. ..

17 | small fluctuations in extinction rate Reliabiliry hedge
would be magnified

19 | In another lire of argument presented in a | Writer-oriented
paper in Geologicil Magazine, Hoffman
and Joe Ghiold suggest that. ..
In another line of argument presented in Writer-oriented

Geological Magazine, Hoffman and Joe

Ghiold suggest that...

Repeated use of modality in describing these models may serve to keep reminding the

reader that what 1s being said 1s a model; this is not an accepted idea but this is how for
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example Richard R Muller’s model suggests a companion star might cause periodic

extinction.

Hyland (1996:438), following Zadeh (1972), points out that the motivation for a hedge
will not always be clear. Hedges make up fuzzy-sets in terms of what the motivation for
the hedge is. A fuzzy-set is “a class with unsharp boundaries” in which “ the transition
from membership to non-membership is gradual rather than abrupt” (Zadeh 1972:4).
Although there are “‘core” hedges where motivation for the hedge is clear (e.g. clearly
hedging propositional accuracy or clearly hedging writer commitment), in peripheral cases,
it may be unclear whether it is writer commitment or propositional accuracy that is being
hedged. Related to this, the analysis in Table 4.3.10 indicates that as well as the motivation
for some hedges being fuzzy, the source of the hedge may also be fuzzy. Source and
motivation are related; the question is: Who was responsible for this particular hedge?
This problem of categorising the source of a hedge 1s likely to be found in research articles
when a fact attributed to another researcher cr article is hedged. However in popular
articles where most facts have researchers or their articles as sources, the problem ts much
more common. In hedging, is the wnter merely following the lead of the researcher?
Crompton (1997) maintains that examples such as these do not constitute hedges.
However, it 1s often not clear who was responsible for hedging. We cannot assume that for
example in the following it was the source research article that was responsible for the

hedge may. After all, the wnter of the Scientific American arnticle is not using the source

article’s exact words, but rather summarising/giving the gist:

‘“A reassessment of the fossil evidence now suggests the regular extinctions said
1o be the handiwork of Nemesis may never have taken place.
Had the writer chosen to wnte:

A reassessment of the fossil evidence now suggests the regular extinctions said to
be the handiwork of Nemesis never took place.
the provisional nature of the knowledge is retained in suggests. Thus we must assume that

use of may was a choice made by the writer. If no evidence for a statement is given,
Hunston (1994:620) maintains that the default is the writer. I agree with this, as writers of
popular articles such as the Scientific American article could choose to do what
Fahnestock (1986) found her popular sources did: baldly assert a statement as an

unhedged fact, when it had been tentatively stated in the source research article.
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Myers (1989:12) argues that use of modality in science research articles does not function
to cast doubt on what is said but functions rather as a politeness mechanism. However
politeness is not the major function of modality in the Scientific American article where
modality combines with bald statement to cast real doubt on the idea of a companion star
causing pertodic mass extinctions. In science research articles the writers are reporting
their own findings Their audience is (a) researchers working directly in this field and (b)
geologists and astronomers not working on this question (Myers’ esoteric and exoteric
audiences). In Myers’ (1989) terms they employ modality to avoid 6ﬁ'ending other
researchers whose own research, or publicly held beliefs, may be cast into doubt by the
findings. As Myers (1989:28) points out, this is not the case for a popular science writer.

The writer of the Scientific American article is reporting on and to an extent evaluating the

work of a number of different researchers whose findings in this case contradict each
other. The writer cannot avoid disagreeing with and therefore ‘offending’ some of them.
The difference in audience is a factor here (small audience of researchers in the field plus
the broader disciplines of geology/astrophysics in the case of the science research article,
versus a much broader range of readers who are largely outside of the disciplines of

geology and astronomy in the case of the popular article).

{n summary, the analysis above indicates that most hedges in the Scientific American

article function to distance the writer from what is being said, and signal to the reader lack
of writer coramitment to propositional content. Hedging in this article also functions to
signal to the reader the correspondence of the proposition to reality. This split between
writer-oriented and reliability hedging is also found in the other two popular articles in the
study.

4.3.3.3 Evaluation in the Scientific American article

In this section I consider evaluation, a category that includes all meaning that functions to
express the writer’s op:nion and value system, and construct and maintain relations
between writer and reader (Thompson and Hunston, 2000:6). 1 begin in Table 4.3.11 by
considering evaluation in each clause in the way suggested by Hunston (1993, 1994) (cf.
section 3.2.5 4).

Three main hypotheses are identified in the Scientific American article: the Nemesis

hypothesis, N, (companion star causes periodic comet showers); the Alvarez hypothesis,
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Table 4.3.11 Evaluation in the Scientific American article
| Activity | Source ! Modification Certainty value
title | question writer N possible
1 | narrate event # | writer , notion, gained wide N possible + current
: | currency Y R
28 | project | writer ' B | N unlikely
2b hypothesis writer | scenario, dim, distant, | N possible +current &
18 held N hypothesi
2c hypothesis | writer | | B
2d | hypothesis | writer : | )
EN narrate event # | writer | proposal | N possible tewrrent |
d4a | project | B i
4b  hypothesis | unspecified RA suggests, said to be N unlikely - accuracy
| may never have taken
S E—— _ | place _ |
2¢ | narrate event # writer L | Npossible -
293 | project # ——— S (i
29b | report finding Alvarez group modest claim, reported | probable + accuracy,
30a | suate fact accepted | known + accuracy
] knowledge - - - 1
30b | state fact | accepted known + uccuracy
b _|kmowledge =~ | 00000000 = =1 RS A
3] state facl accepted known + accuracy
4 knowledge
32a project —
32b | hypothesis Alvarez group | proposed, probably A probable A Hypothesis ]
23 | result unspecified RAs | finding, apparently, | A probable + accurac
[ P S | have bolstered thecase - L
5 | namrateevent# | Raup & Sepkoski | proposed by A possible
6 | narrate evenl # Raup & Sepkoski | ceftain -
7 | reportfinding | Raup & Sepkoski | certain + consisteny
8 | reportfinding _ Raup & Sepkoski | indicated, weaker _possible + consistery |
9a | project i - - 1
5b hypothesis Raup & Sepkoski | suggested, probably R&S possible | R&S hypothy o
| 34 parrate event # writer possible _ R&S possible | + useful 4 4 |
_35 | hypothesis unspecified RAs | scenarios __ R&S possible | + useful I_
3%5a | projest B L .
[36b | nypothesis | citation  proposed | R&S possible | + useful | ]
36c  hypothesis citation N o R&S possible | + useful
| 10 hvpotinesis  citations proposed rodels _ R&S possible | + useful
lla  hvpothesis ~  citations | would currently lie | R&S possible | +useful | 1
11b | hypothesis | citations | would be eccentric R&S possible | + useful _
12 hypothesis | citations would pass through R&S possible | + useful
I, IV - is thought to R— -
13 hypothesis citations . would precipitate R&S possible | + usefid INNENE
| 14a narrateevent#  writer ~ Kmown [ T
14b | narrate event # editor al Nature | | Known _ |
_37a  reportfinding | unspecified RAs | support for the notion  R&S probable | + consistent _- B
37b | report finding unspecified RAs | seem to have occurred | R&S probable | + consistent
383  narrateevent#  writer _proposed, criicised R&S unlikely | - consistent _] |
3%9a  project ] i
_3%b | finding . unspecified RAs  appears, not clustered  R&S unlikely | - consistent
_40a | project ; o f L -
40b | hypothesis | unspecified | argue, would have | R&S unlikely | - consistent
S | workers little chance S ——
4] parrate event # writer __criticism, apparent R&S unlikely | - accuracy — i
42a  proiect i ) - . — )
42t | hypothesis - citation contends, uncertainiies N unlikely - accuracy

biases, doubt
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H__!éa | project ,
15b | narate event# | citation ® I points out, pared down | Kaown - accuracy
16 | result citation, writer * | uncertainty, may ‘ R&S possible
| | represent |
17  result | citation, writer ' But it also meant,  R&S unlikely | - accuracy
| { | would be magnified
182 | narrate event # citation | | Known
18b | result citation | R&S unlikely | - consistent
43 | result citation, writer highlv sensitive R&S unlikely | - consistent
44 assess | citation. writer | equally plausible | R&S unlikely
45 | assess citation, writer | weakened R&S unlikely | - consistent
19%a | project ! - ! s _
19b | assess | citation | suggest, biased R&S unlikely | - accuracy
20 | assess citation. writer | not quantitative | R&S umlikely | - accuracy
21 result | citation, writer Instead, simplv | R&S unlikelv | - aceuracy
22a | assess | citation, writer | | Known
22b | parrate evenl # | citation ‘. __| Known
23a  result | citation Known
23b  result | citation | Known B
24 | result | citation ] - Known
46a | result citation | Evenif - | Possible B
46b Tpesut  ctaten . Keown | _
47  rnamate evenl # | citation ] B | Known L L B
482 project | | | A R
48b | assess | citation arguss "I Probable L
49a | assess | citation, writer may indeed have been | R&S possible |
49b | assess | citation, writer could be an artefact | R&S unlikely | - accuracy
50a | assess | writer If | Possible
50b | assess writer ' case for Nemesis, R&S unlikely | - usefuel
_ ! | weakens N
S]  narrateevemt # | writer - Known -
| 52a | narrateevent# | citation | | Known + accuracy
| 52b | narrate event # | citatior. | | Koown + accuracy ]
53a | result _citation ] Known N
. 53b  project
53¢ | assess | citation, writer | suggests | R&S probable | + accuracy
53d | assess | citation, writer | | R&S probable | + accuracy
S54a | narraleevent # | citation, writer | - Known | ] -
54b | result citation B Certain + consistent
| 55 ¢ result _ citation has found | Certain | + consistent ]
56 . narrate event # writer I | Known -
25a | assess | writer possibility | N A,R&S
I - — - __possible | e
| 25b | assess writer unnecessary | R&S unlikely | - reasonable
_26a__ project L .
26b | finding ~ citation | found | Certain | + Consistent
27 | assess writer | make a powerful case A certain/ | + consistent
| ! 1_probablc

* Where a citation occurs in the same sentence, | c¢all this a citation; where a cilation occurs in the
preceding sentence, and the present sentence (e.g. clause 16) js apparently still citing information from
the study mentioned in the preceding sentence, 1 call the source citation/writer.

# Clauses which plot the devclopment of research into impact and accepiance of knowledge claims
concerning immpaci.
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A, (the mass extinction at the end of the Cretaceous had an extraterrestrial cause);, Raup
and Sepkoski’s hypothests, R&S, (mass extinctions, periodic at 26 million year intervals,

have an extraterrestnial cause).

In terms of certainty, the Nemesis hypothesis is rated possible but unlikely (paragraph 1).
In terms of Value, it is viewed as reasonable to the extent that it has wide currency, but
ultimately its accuracy or fit to data is questioned. In terms of Certainty, the Alvarez
hypothesis (paragraph 2) is rated probable and possible, and in the final paragraph it is
rated as close to certain. In terms of Value, the Alvarez hypothesis is rated as accurate (fit
to data). Of the three, the Alvarez hypothesis is most consistently viewed in a positive
light. In terms of value Raup and Sepkoski’s hypothesis is rated possible in paragraph 3,
where their research is described, and possible in paragraphs 4 and 5, where studies in
support of Raup and Sepkoski are described. Raup and Sepkoski’s hypothesis is rated
unlikely in paragraph 6, 7, 8, 9, 10 and (1, where crticisms of Raup and Sepkoski’s
research are found; and it i1s rated as probable in paragraph 12, in which Raup and
Sepkoski’s replies to criticism are discussed. Finally in paragraph 13 the writer assesses
R&S as unlikely. In terms of Value, Raup and Sepkosi’s hypothesis is rated consistent - i.e.
a good fit to data (paragraph 3) useful, 1.e. - having explicatory power - (paragraph 4 and
5) and consistent - i.e. fit to data - (paragraph 6), but inconsistent - i.e. at odds with the
data - (paragraphs 6 and 9), inaccurate - 1.e. possibly an artefact - (paragraph 7, §, 10 and
11), and unreasonable - i.e. poor fit to expectation - (paragraph 13). Thus on the whole,
because criticisms of Raup and Sepkoski are given more space than support for them, the
reader 1s left with the impression that, on the scale of certainty, Raup and Sepkoski’s
hypothesis is unlikely, particularly as this is the writer’s final assessment. On the scale of
value, the overall impression is that Raup and Sepkoski’s hypothesis fits the data poorly,

and that their methods were faulty. Overall, the writer of the Scientific American article

assesses Raup and Sepkoski’s hypothesis in a negative Jight.

The three popular journal articles are far more dialogic than either the research article or
the children’s texts, with a marked structure of alternating positive and negative
evaluation. The degree of real engagement between two opposing arguments/ pieces of

research varies. The Scientific_American arficle presents the most engaged argument It

argues between the research and knowledge claims of two sets of researchers. A real
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attempt is made to show via argument that the research with which the writer does not
agree is unsupported by evidence. The dialogic structure of the Scientific American article
i1s ilustrated in Table 4.3.12.

Table 4.3.12 Alternate negative and positive evaluation of Raup and Sepkoski’s
hypothesis in the Scientific American article

para ' clause | status value B D
2 | 28-33 | Finding/hypothesis, Alvarez group, | Alvarez hypothesi <
_ . probable - + accuracy i - 3
3 19 | Hypothesis, Raup and Secpkoski. Raup and Sepkoski’s hypothesis
. — possible . S ]
4 3436 | Hypotheses, cilations, possible  [+usefal ]| |
5 | 10-14 | Hvpotheses, citations, possible + useful B R e A
6 37 Finding. unspecified research articles, | + accuracy
S probable — S o 0.
| 6 3840 Finding, unspecified research articles, | - consistent
! unlikely - - o B 1L o
7 4142 Hypothesis, unspecified  research | - accuracy "
| | anticles, unlikely ] o - -
8  15-18 | Result citations, unlikely | -accuracy i___ -
9 43-45  Result, citations. unlikely -consistent 1
10 19-24 Result, citations. unlikely - -accuracy i -
11 ! 46-50 Result, citations, unlikely/possible - consistent -
12 51-56 Result, citation, probable | + accurate
| e | + consistent ) - e
13 25 Assess. writer, unlikely | - reasonable l
26-27 Assess, writer, probable | + consistent ‘

In paragraphs 4 to 13 the Scientific American anicle sets up an opposition between
evidence indicating periodicity of extinctions, and evidence indicating a lack of evidence of
periodicity. Paragraphs 4-6 evaluate Raup and Sepkoski’s periodic mass extinciion
hvpothesis positively as possible/probable in status and useful and accurate in value. Then,
from part way through paragraph 6, up until paragraph 11 the hypothesis is negatively
evaluated as unlikely in status and, in value, inaccurate and inconsistent with other data. In
paragraph 12 it is once again positively evaluated as probable (status) and accurate and
consistent (value). Finally, in paragraph 13, the writer assesses the hypothesis as unlikely

and unreasonable

There 1s yet another opposition set up in this article: that between the Raup and

Sepkioski’s periodic mass extinction hypothesis, and the Alvarez single Cretaceous-
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Tertiary impact hypothesis. The Alvarez hypothesis is outlined in paragraph 2, where it 1s
positively evaluated as probable in status and accurate in value. It 1s not mentioned agam
until the final paragraph, which first of all negatively evaluates Raup and Sepkoski’s
hypothesis, before finishing by positively rating the Alvarez hypothesis as probable and
consistent with other findings.

Both the Time and Mail and Guardian articles also show a clear dialogue/debate structure
However, in the Time article there i1s no real engagement between opposing research.
These are merely juxtaposed. Using the narrative of what a particular researcher did, and
in what order, the writer describes research findings and knowledge claims. She then goes
on to state that a particular researcher disagrees with this research, describes their research
findings and claims and then returns to the original narrative of research. So although
there is plenty of evaluation there is no interpretation of what all this means. What
guidance does the writer give to the reader about which side of the argument can be relied
upon? This guidance is not found in argument, but 1s rather imphcit in aspects such as the
far greater coverage given to the Impact Hypothesis, and the support for Walter and Luis
Alvarez In aspects such as the close-up photograph of them in which they engage the

reader with a friendly smile,

In summary, the analysis above indicates that the writer assesses in a negative light Raup
and Sepkoski’s hypothesis of periodic mass extinction due to an extraterrestrial cause. By
contrast, the Alvarez hypothesis, that the Cretaceous mass extinction was caused by an
asteroid, is assessed as close to certain. The analysis indicates that like the other two

popular texts and unlike all the other texts in the study, the Scientific American article uses

sequential positive and negative evaluation to structure the discussion of Raup and
Sepkoski’s hypothesis as a debate/dialogue. This structure allows the writer to appear
objective because the positive and negative evaluations of the hypothesis are presented as
emanating from peopie veside the author. Table 4.3.10 above shows that the source of
most clauses 1s not the writer but rather citations from specified or unspecified research

articles.

4.3.3.4 Summary and overview of Tenor in the Scientific American article

The projected readers of the Scientific American text are the exoteric audience who take

an interest in scientific findings in fields other than their own (Myers 1989). The writer is
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an unpnamed science journalist, and for both wnter and reader being a scientist 1s the norm
so we do not find any distance between reader/writer and scientists. The values of
quantitative science — such as that work should be unbiased and quantitative are also the

norm for both projected reader and the writer.

In spite of the fact that the reader and wnter share the values of research science, the
appearance of objectivity i1s achieved through journalistic means i.e. quoting the ideas of
others rather than though the impersonality familiar m research articles and textbooks.
This is the reason for the relatively high number of writer-ortented hedges, which signal
lack of writer commitment — someone else is responsible for what is said. The other major
sort of hedging is reliability hedging (expresses writer’s assessment of a statement’s
reliabilitv). This indicates that solidarity politeness is not the writer’s major concern and
that the writer does not anticipate that most readers have enough invested in what 1s said

to be offended by it.

The journalistic means of achieving the appearance of objectivity involves framing the
article as a debate between researchers. This leads to the structuring of the article by
means of sequential positive and negative evaluation of Raup and Sepkoski’s thesis. The
writer thus uses the researchers as voices in his/her own discussion, gives greater voice to
one side of the discussion and in the final paragraph, still apparently objectively, sums up

the argument concluding that his/her favoured side of the argument has more merit.

4.3.4 Summary and overview of register in Scientific American.
As mentioned in chapter 2, Halliday (1993:56) describes the scientific register as recognisable
because of the effect of “clusters of features”. Amongst these, readers may recall, are

nominalization of verbs and adjectives, extended nomuinal groups, a high proportion of
relational prooesées, technical terms, temtative language, causal and reasomng verbs, and
impersonal language and passivization. In describing this cluster of features, Halliday uses an

extract from Scientific American as an example. However, although most of these features are

present in my popular articles in this study, I have found neither impersonal language nor
exiensive passivisation, The difference is that Halliday’s extract is from a long Scientific
Amencan article, written by the researchers themselves. By contrast my text from Scientific

Ainerican is in the initial News section of the journal and is a science journalist’s assessment of
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the research of others rather than a scientist popularising his/her own work. This News section

of Scientific American is more like science articles in the press in general, and thus has many

similanties to the Time article.

The analysis of register above indicates that this article, ke the article tn Tune, Is a
narrative of research. it shares values with those of the research article and textbooks 1o
the study, but avoids the research article and textbook method of achieving objectivity and
emmploys a journalistic means of doing so instead. The author of this text is a science
journalist and the projected readers are scientists who take an interest in scientific findings
in fields other than their own (the ‘exoteric audience’ (Myers1989)). We therefore neither
expect nor find any distancing in the text from scientists or the values of research science.
The scientists working on the immediate yesearch question (Myers’ exoteric audience) are
the authomtative experts upon whose utterances and ideas wrter structures his/ber
argument. Thev are the central actors in the text, and they give authority to the article.
Objectivity is signalled differently in this text than in textbooks and research articles.
Instead of using impersonal language to appear objective there are large numbers of
human participants in the text, and the wrter achieves an appearance of objectivity
because s/he is quoting the ideas of others; i.e. objectivity is achieved through journalistic
means. Thematic development, verbal processes, nominalised verbal processes, evaluation
and circumstance of location in time make this article a narrative of researchers, their
research and their conflicting knowledge claims. Through use of verbal processes and
through evaluation the text is structured as a debate between rival researchers. The verbal
processes make it appear that the researchers are arguing and, combined with the modality
used, the writer appears objective. That this is only an appearance of objectivity is
indicated in the explicit final statement, the close guidance of reader interpretation

afforded by marked themes and the greater voice given to one side of the argument.

The Time article is very similar to the Scientific American article. Both are narratives of

research and are structured through sequential positive and negative evaluation. In both
the writer uses the voices of researchers to construct the argument/narrative, thus
achieving apparent objectivity because s/he is apparently merely reporting on the sayings
and work of others. Both articles have a positive attitude to science and scientists, in

contrast to the Mail and Guardian article, which | consider in section 4.4. The
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overwhelming focus on scientists in these two articles, particularly in the Time article, 1s a
major difference from the research article where the people doing the research are
suppressed by use of the passive and nominalisation. It also marks a major difference from
the textbooks where use of the passive and to some extent nominalisation suppresses
people and the facts and ideas are far more important than who proposed them. In the

Scientific American and Time articles, themnatic development, conjunctive relations and

lack of concealment of agency in nominalisations and passives emphasise the narrative
nature of the text. This is also aided by the amount of illustration in the Time article, much
of which is photographs of the researchers whose ideas are given voice in the article. In
the Time article the impression of objectivity and truth is assisted by the many colour
photographs, a visual form having the highest truth-value in this cultural context (Kress

and van Leeuwen 1996).

The major difference between the Time article and the Scientific American article stems

from the difference in readership of the two publications. The projected readers are the

broad scientific community in the case of Scientific Amernican and a much broader group in

which the readership may include scientists but consists mainly of non-scientists in the case
of the Time article. The differences are reflected in Time in a distancing of the reader and
writer (assumed to be part of one group) from scientists, who are represented as eccentric

and invested with religious authority.

4.3.5 Genre in the Scientific American article

As discussed in section 2.5.1, White (1997) identifies two genres within the media: hard

news reporting, and comumentary or opinion. The Scientific American and Time texts fall

into one of the sub-genres of hard news reporting, the issues report. This sub-genre is
grounded in a communicative ¢vent and describes the “criticisms, accusations, demands,
warmnings, discoveries or announcements of some authorised source such as ... a
professional expert or scientific researcher” (White 1997:102). This is distinguished from

the Mail and Guardian article, which is an opinion piece with frequent interpersonal value

judgements about the competence and motivations of scientists.

My analysis of human participants, nominalisation, passivisation hedging and evaluation
above indicates how the writer structures his/her opinion of Raup and Sepkoski’s work as

faulty into a debate between rival researchers. These rival researchers argue the issue out,
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allowing the writer to appear neutral and objechive. That this 1s an appearance only is
reflected in the writer’s careful guidance of the readers’ interpretation of the text through
the use of marked theme. Not only are human participants and their words and thoughts
inportant in this text, but an analysis of nominalisation indicates that researchers words
and thoughts take on a life of their own and become nominalised into participants (e.g.

“*reassessment) in the text.

The text ts an expositicn. That 1s 1t puts forward a particular point of view (Butt et al
1995:17). However, it is disguised as a more neutral genre, the discussion, which presents
information and opinions about more than one sitde of an issue (Butt et al 1995:17). The
author is convinced that Raup and Sepkoski are wrong and, i1n a roundabout way, says so
in the first and final paragraphs:

*A reassessment of the fossil evidence now suggests ““the regular extinciions said to be
the handiwork of Nemesis may never have taken place.

®2Hoffman's arguments ... make it unnecessary 1o suppose the celestial intrusions have
been regular.

In the Scientific American article the author looks at the arguments for and against a

particular idea and gives the appearance of coming to a ‘balanced’ compromise, making a
judgement of the extent to which the idea is rebable. In bnef, the article outlines the
‘notion’ of an extraterrestrial force intruding on Life. It mentions the background to the
theory, before outlining research supporting the theory, research against the theory, a
further mitigation of the theory and finally reaches a kind of middle ground between
research in favour and against the theory. However, in spite of the appearance of a
balanced compromise, the wnter’s conclusion (extraterrestrial cause for a single mass
extinction 65 ma ago, i.e. the Alvarez hypothesis) falls far short of agreeing with Raup and
Sepkoski. It agrees with neither their speculation (about the possibility of an
extraterrestnial cause of repeated periodic mass extinction) or even their central

knowtedge claim (of periodicity in mass extinction) The writer of the Scientific American

article accepts the Alvarez hypothesis but is prepared to go no further.

In contradiction to Fahnestock's (1986) finding that popular articles are less tentative than

research articles, Scientific _American is more cautious/conservative than the serious

science journal that accepted and published Raup and Sepkoski (1984). In my experience

scepticism about new findings as yet unratified as fact by the research community is
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common in the initial ‘News’ sections of Scientific Amencan and New Scientist. Raup and

Sepkoski (1984) is an article which contains well-supported evidence for periodicity in
mass extinction but also contains speculation about the cause of mass of extinction for
which it provides no evidence at all. Possibly the greater hesitancy on the part of popular
joumnal authors ts a result of the different readership of the popular journal. Because only a

small fracton of the readers of Scientific American are researchers in this particular field

we can conclude that the majority of readers of Scientific Amernican rely on popular
sources for most of their information on areas of research outside their own discipline.
The readers of Raup and Sepkoski (1984), on the other hand, have a good chance of being
researchers in this field themselves, and are thus very well informed about this area of
research and therefore able to make their own judgements. 1n a serious journal there is a
place for (clearly signalled) speculation, even if unsupported by evidence, as this may
advance the field by suggesting further directions for.research. Myers (1989) also points
out that speculation allows researchers to claim precedence for an i1dea they are working
on but for which they as yet have no evidence. Similarly, if Scientific American presents
material as well accepted if it is still speculative the journal loses credibility with its
readers. The author’s way of distinguishing between speculative and accepted material is
by distancing him/herself from what is said. Raup and Sepkosk), on the other hand, are not

distant from their research. They distinguish speculative matenal by hedging it.

4.3.6 Ideology in popular science articles

The underlying assumption of the Scientific American article 1s that scientific research, and

the controversies between researchers, are news. White’s (1997:104) identification of
three categones of subject matter in news reports - aberrant damage, power relations,
normative breach - is of value here. Elements of two of these categories are identifiable in
the popular science articles in my study: power relations and aberrant damage. The power
relations reported on in science news are that new findings or hypotheses challenge the
existing ones, eliciting responses from those that support the existing hypotheses and

theones. The Time and Scientific American articles both focus on the discoveries of

scientific researchers, and particularly in Scientific American, on their criticisms of rival

researchers. The news in the Scientific American article is that Raup and Sepkoski have

challenged the work of other researchers by suggesting periodicity of mass extinctions as a

result of an extraterrestrial body. The article reports on a rival researcher (Hoffman) who,
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according to the article, demonstrates the faulty nature of Raup and Sepkosks’s methods
and findings.

In section 2.3.3.5 1 mentioned Latour and Woolgar’s (1979) discussion of the role of
“Inscription devices” in providing graphical evidence of measurements taken by a machine
- 1.e. evidence is at several removes from what is being proved. Similarly Pinch (1985:6)
describes a case where “splodges” on a graph are taken as evidence of one substance
(Ar’"), which in turn is taken as evidence of another phenomenon (solar neutrinos). Once
again, proof is only provided indirectly at several removes from what is being measured.
At each step the final results can be challenged by challenging the assumptions and

observations involved in the intermediate steps.

A similar case can be seen in the Raup and Sepkoski article described in chapter 4 1 In
this article, statistical counts of families of fossils are evidence and reflection of the cause
and time-frame of mass extinction 65 million years ago, which can of course not be
measured/observed directly but only as it 1s reflected in chemucal, stratigraphic or fossil

evidence. The Scientific American article reports how Raup and Sepkoski’s use of the

indirect measure (fossils) is challenged by Hoffman, who criticises Raup and Sepkoski’s
findings on several grounds including uncertainties in fossil dating, and how they
manipulated their statistics. It is interesting that of the popular articles examined in this
study, it 1s the one whose readership 1s scientists that regards as news the evidential
challenges to particular findings. In Whte’s terms (1997) this article s reporting on
challenges or threats to power relations. If Hoffman’s challenge to Raup and Sepkoski is

sustained this means a loss in prestige for Raup and Sepkoski. In the Time article by

contrast what is news is partly the whole idea of an extraterrestrnial cause of mass
extinction.

A wider question 1s why do some areas of research get reported in the popular press and

others do not? As the Scientific American article points out, this area of research received

much attention in the popular press. This is partly because of the past aberrant damage
that occurred during the impact of a meteorite, as well as the possibility of future aberrant
damage should a meteorite ever hit earth again. The tdea of an extraterrestrial cause of
mass extinction is threatening to us. The possibility that it might happen is unpredictable

and uncontrollable. That it has some power in the popular imagination is evidenced by the



Popular science: Scientific American 209

fact that it has been the subject of disaster movies such as Meteor and Deep Impact. This
is the focus on disaster, or what is life-endangering to humans, which Ungerer (1597:314)
says serves to make news stories emotionally relevant and news-worthy. There is also our
fascination with dinosaurs, firstly because they are monsters, and also because thesr
position often mentioned (in popular articles) as ‘rulers of the earth’ is similar to our own.

Their rule proved precanious, and ours could be precarious too.

In the research article and textbooks in this study the appearance of ijectivity was
important and this was achieved through the removal of people by omission,
nominalisation and passivisation. Objectivity i1s encouraged by journalism textbooks, but
my analvsis indicates that in contrast to the research article and textbooks in the study,

neither the Scientific American nor the Time article establish objectivity by removing

people Inscead, attribution of ideas and arguments to others 1s one means by which
journalists establish objectivity, so that it appears that the human participants in the article
are arguing and the writer is neutrally reporting the argument. The writer never speaks
with his/her own voice but mstead skilfully structures the text as a debate through

sequential positive and negative evaluation.

In chapters 4.1 and 4.2 | outlined power relations within research articles and textbooks.
In discussing power relations in the texts in this study, 1t 1s necessary to distinguish the
writer, the reader and two groups within the scientific community: those working on the
immediate research, question and those in other fields who take an interest in the findings.
There may be overlap between these; for example in research article, the writer is a
member of the group working on the immediate research question, and the readers fit into
one or other of the scientist groups. Briefly, as Myers (1989) has shown, writers of
research articles are less powerful than the readers, who represent the research
community. The research community is much more powerful than individual scientists,
who must show deference to the discourse community. Wnters of research articles must
take account of two audiences: other researchers working on the present research
problemn, and the wider scientific community who show an interest in the findings. Writers
of research articles increase their chances of their propositions being accepted by the
scientific community and thus achieving the authority of factual status if they present what
them impersonally, following the conventions for objectivity. By contrast with research

articles, writers of textbooks summarise propositions in the field that have been accepted
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by the research community and that thus do currently have the authonty of factual status.
Writers of textbooks are ‘speaking for’ the powerful scientific community, and they are

thus more powerfull than their readers, who are relative neophytes.

In popular articles power reiations can involve a number of possible configurations of
reader, writer and scientif.c community, The researcher who popularises his/her own work

for the rest of the scientific community (e.g. long articles in Scientific Amierican) must still

take account of both groups in the scientific community, and shows deference io members
of the community active in the research question (Garcés-Conejos and Sanchez-Macarro,
1998). In popular science news articles the writer is usually a science journalist. The
readers may be scientists (that part of the scientific community that takes an interest in the

findings but is not active in this particular area of research e.g. the Scientific Amencan

article). Alternatively the readers may be non-scientists (e.g. the Time article in the study).
In both of these cases the wnter scaffolds his/her argument on the ideas and urterances of
the section of the scientific community involved in the immediate research problem. The
writer does this to give the impression of objectivity and to give what 1s said authonty.
This group are the ceatral participants in popular science articles, being the authcritative
source that is essential to the credibility and impression of credibility created by
journalists. The writer does net however show deference to the scientific community in the
sense of hedging disagreement with them, as is found in research articles. Instead the
writer is eager to show controversy, as within the values of journalism, this is interesting,
and also indicaies that they have consulted a number of authontative sources and are

giving ‘both sides’ of the *story’.

In contrast to the Mail and Guardian articie, both the Scientific American and Time

articles are positive towards science and scientists. The writer of the Scientific American

text 1s writing for readers wno are projected as scientists. There is thus no distancing in
the texi from science or scientists. Both are viewed in a positive light. By contrast,
although the writer and reader of the Time article view science and scientists in a positive
light, neither reader nor writer is identified as a scientist. The writer views herseif and the
readers as part of the same group and scientists as a separate group apart, highly

intelligent, invested with religious authority, but also eccentric.
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4.3.7 Summary

In this sub-chapter 1 have characterised popular science articles as having some
similarities with textbooks and research articles at the level of register. The greatest
difference at this level 1s that, unlike the other two genres, popular articles do not remove
people from the account but instead populate the account with large numbers of human

participants. In genre of popular science ts journalism. The Time and Scientific American

articles are issues reports (White 1997), describing the new discoveries and opinion
differences of researchers. Popular science is often a narrative of research, and in the case

on the two articles reported on in this chapter (the Scientific American and Time articles),

a narrative of rival knowledge claims. At the level of ideology I have claimed that the Time

and Scientific American articles report on power relations to the extent that new findings

challenge the status quo. In contrast to textbooks and-research articles popular science
articles achieve objectivity by attributing information to researchers rather than by making
the account impersonal. The writer of popular accounts reports new ideas (i.e. have not
yet been accepted as fact by the research community) but distances him/herself from these
1deas. By contrast the research article reports new ideas but does not distance him/herself
from them and in fact trnes to represent them as much as possible (while still avoiding
challenge by the reader) as if they were already accepted as fact by the research
community. The textbook confines itself almost entirely to accepted facts. In the next
section (4.4) I turn my attention to a popular text from the Mail and Guardian that,

unusually in this study, has little concern with appearing objective.



Popular Science: Mail & Guardian 212

4.4 The Mail and Guardian: An extract from a newspaper article

4.4.0 Introduction
441 Field in the Mail and Guardian article

4.41.1 Human participants in the Mail and Guardian article

4.4.1.2 Processes, participants and circumstances in the Mail and Guardian

4.41.3 Summary and overview of Field in the Mail and Guardian extract
4.4.2 Mode in the Mail and Guardian article

4421 Theme in the Mail and Guardian article

4.4.2.2 Embedding and nominalisation in the Mall and Guardian

4423 Passivisation in the Mail and Guardian article

4.4.2.4 Conjunctive relations in the Mail and Guardian article

4.4.25 Eligsis in Mail and Guardian article

4.426 Summary and overview of Mode in the Mail and Guardian article
443 Tenorinthe Mail and Guardian article.

4.4.3.1 |llustrations in the Mall and Guardian article.

4.43.2 Contact. affect and status in the Mail and Guardian article

4.4.3.3 Hedging in the Mail and Guardian extract

4.4.3.4 Evaluation in the Mail and Guardian extract

4435 Summary and overview of Tenor in the Mail and Guardian article
4.4.4 Summary and overview of Register in the Mail and Guardian article
445 Genreinthe Mail and Guardian article
446 ldeology in the Mail and Guardian aricle
447 Summary

4.4.0 Introduction

In chapter 4.3 I reported on my analysis of an article from the Scientific American, and
referred to a similar article from Time. In this chapter 1 analyse another popular science
article, but one that differs from the other two in both genre and ideology, and has some

differences at the level of register. Both the Scientific American, and Time articles are

examples of issues reports, a genre that describes the “criticisms ...or discoveries ... of
some authorised source such as ... a professional expert or scientific researcher” (White

1997.102). The Mail and Guardian article, by contrast, is an example of an opinion piece,

a genre in which we expect a greater incidence of interpersonal value judgements.

Moreover, 11} contrast to the Scientific American and Time articles, which have a positive

attitude towards science and scientists, my analysis below indicates that the Mail and
Guardian article has a negative attitude towards science and scientists. I begin with an
examination of register, under the categories of Field (4.4.1), Mode (4.4.2) and Tenor
(4.4.3). 1 then move on to consider Genre (4.4.5) and Ideology (4.4.6). The reader can
consult a copy of the original text of the article by folding out page 35 of the appendix.

4.4.1 Field in the Mail and Guardian article

In this section I consider who the human and other participants in the text are and what

processes these participants enter into. | consider also the circumstances in the text.
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4.4.1.1 Human participants in the Mail and Guardian article
I begin this analysis with Table 4.4.1, which lists all human participants and considers,
firstly, whether they are major participants or part of circumstances (minor participants),

and, secondly, whether they are specific people or generic representatives of a group.

Table 4.4.1: Human Participants in the Mail and Guardian article

major/minor; generic/specific
b those who don’t see 1t as another source of | Major, generic
trivialisation of their subject
6 we (writer, reader and people in general) Major, generic
&b you (people n general) Major, generic
10a | Most nght-thinking palaeontologists Major, genenc
11 they (most nght-thinking palaeontologists) " | Major, generic
12 Academics Major, genenc
13 those who insist there is only one explanation Major, generic
16 humans | Mmor, generic

Almost all the human participants in this text (as Table 4.4.1 reveals) play major roles,
but interestingly, al: are generic. This means that, unlike in Time or the Scientific
American article, the ideas and theories are not attributed to real existing researchers, but
rather to a faceless group of academics and palaeontologists. We have only the writer’s
word for it that the opinions and theories attributed to these academics and

palaeontologists are in fact held by any real scientists.

In contrast to the other two popular texts, the Mail and Guardian article 1s peopled with

the reader and writer (you and we) and an unsympathetic generic group of scientists. The
reader and writer are included in the text in: ®since then we have had death by genetic
changes. .. and "™ That ought to have sorted the big oafs ont, you would think. Academics
and palaeontologists are included via disparaging remarks such as that they would
“naturally prefer” their own simple explanation with the implication of “'®most right-
thinking palacontologisis” being that some of them are wrong-thinking. This indicates
that the readership of the newspaper is projected as being ‘you’ and ‘we': non-scientists

who view science with suspicion.

4.4.1.2 Processes, participants and circumstances in the Mail and Guardian
This section will consider the kinds of meanings realised in this text, concentrating on
material processes, fact clauses, and mental processes. 1 begin this account by listing the

participants, processes and circumstances in the text in Table 4.4.2:
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Table 4.4.2' Processes and participants in the Mail and Guardian extract

Actor Material Goal Circumstances
3a a week goes by without some new
theory
3b some new theory hining the headlines.
for zapping the
dinosaurs
Sa these could have the sun's light By throwing
bloftted out ...dust im0 the
atmosphere
5b killing vegetation
5¢ trashing the food chain.
8a | That ought to have | the big oafs
sorted out
10c to knock T-rex. off his perch.
18a been there
18b survived that
19 the incredibly rare | could do in the dinosauss
event of ...
Senser Mental Phenomecnon
8b you would think FACT (That ought 10 have sorted the
big oafs out)
10a | Most right-thinking | do nol believe | FACT (that even this .., impact was 1oday
pataeontologists enough. ... to knock T-rex off his
perci)
11 they subscribe 1o the theory of death bv al) of the above:
12 | Academics would prefer FACT (that the explanation .. were
simple.)
16 | dinosaurs had seen it all. During thal time
17 Climatic upheaval, ... meteor
impacts?
Existential Existent
13 there are those who insist there is ... one
explanation
14 there is one last... fact .. in the way of . ..
identifier intensive identified
la Discovening the is the hot topic in  palacontology
fate of dinosaurs right now
1b it 18 among those
who...
2 The fac that no is the most telling tribute science has yet
...wav has been paid them.
found to ...
4 i* was death by volcanic eruption. A few vears back
15 Dinosaurs were the dominant life form on this planet for
160 inillion years
Carrier possessive attribute
6 we have had death by penetic changes. .. Since then
Carrier intensive attribute
10b | this monumental was enough, by itself,

impact

Table 4.4 3 reflects a count of the number of processes of each type in the text, including
those in embedded clauses.
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Table 4.4.3:  Summary of processes in the Mail and Guardian text

Matenal mental existential | identifying | attributive
Ranking clauses 10 (41%) |5 (21%) | 2 5 (21%) 2 24
Embedded clauses | 7 1 8

Material processes, as revealed above are the most numerous in both ranking and
embedded clauses in this text, and they invariably realise meanings in the real physical
world to do with killing the dinosaurs or effects on the environment of a meteorte

impact.

As in other texts, ideas are embedded in fact clauses but unusually they are aiso located
in matenal and relational clauses. There are three fact clauses in the extract, and in two

cases these are attributed to a generic group of scientists/academics:

'\ o5t right-thinking palaeontologists do not believe '®

enough 1o kmock T-rex off his perch,
"> dcademics would prefer that the explanation of the extinction ... were simple.

that even this impact was

In a third case a fact clause is attributed to the reader/people in general-
% That should have sorted the big oafs out ®you would think.

An interesting contrast with the Time article, where fact clauses were the major vehicle

for the explanation of theornes, is that theonies in this extract are associated with three

different processes:

}. There is an identifying process:

‘4 few years back, it (theory) was death by volcanic eruption.

2. There are material processes:

2By throwing huge amounts of dust into the atmosphere, these could have blotted out the
sun's light, killing vegetation *and thus trashing the food chain.

3. And there is an attributive process.

SSince then we have had death by genetic changes, death by continental break-up, and,
most famously, death by meteor impact. ’An impact berween ...

An identifying process with a material process that elaborates on it is an expected way of
conveying the abstract ideas constituted in the theories of dinosaur extinction. The
attribution of these theories io ‘we’ (i.e. the reader and writer) is more surprising. It is

almost as if these theones are something ‘we’ have had to put up with.
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Interestingly, there are five ranking mental processes, with the sensers in three of the
cases being academics and palaeontologists. Through these we are afforded a very broad

and, in contrast with Time and the Scientific American article, unsympathetic impression

of what theory these academics and palaeontologists favour:
They '%do not believe that impact was enough
They ‘'subscribe 1o the theory of death by all of the above

They '*would prefer that the explanation were simple

Unlike the situation in the Time and the Scientific American articles, the writer 1s not

really interested in the details of the theories themselves. A very broad outline is given.

There are no verbal processes. Unlike the Scientific American and Time articles, no one
1s interviewed or quoted. The source of none of the information 1s provided. No necessity
is felt by the author to back up his case by quoting experts or his source. We are afforded
a cynical look into the workings of the minds of academics and palaeontologists, but they
do not speak for themselves.

As Table 443 indicates, this text focuses on ‘we’ the reader and writer and our
expectations and experience of the theories of palaecontologists. Secondly, the extract is
also about theories of what killed the dinosaurs, and a large proportion of the participants
in the text deal with this. Theory is explicitly opposed to fact in this extract (**Bur there is

one last, humungous fact standing in the way of all one shot kills all theories)

The theories and events surrounding them are ofien expressec in a humorous or informal
way!

Humorous: Zsure-fire way; “to get rid of dinosaurs; *® theory for zapping the dinosanrs.
“death by genetic changes, death by continental break-up, and. most famnously, death by
meteor impact. (Reminiscent of a murder mystery); ' a very big rock end a hard place

" the theory of death by all of the above: a multiple-whammy of volcamc eruptions ...
"with a meteor-impact chaser: “*all one shot kills all theories.

Informal: *and thus trashing the food chain; Yincredibly rare event
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The almost ridiculous nature of these theories reflects the writer’s idea of the topic of
dinosaurs as boring and overworked. Dinosaurs are mentioned flippantly, and usually in
associjation with how they died:

Y3fate of the dinosaurs; *get rid of the dinosaurs; **zapping the dinosaurs, Yasorted the big

oafs out; "10 knock T-rex off his perch; “extinction of the dinosaurs: Dinosaurs were
the dominant life form; Ydinosaurs had seen it all,

The writer and the reader — with whom the article sympathises - have their expectations
disappointed. They might reasonably expect that impact would have caused the extinction
of the dinosaurs, but that turms out not to be the case. The writer and reader have also had
to put up with some tiresome behaviour from palaeontologists and academics, who have
put forward one far-fetched theory after another in quick succession. Palaeontologists and

. . 10
academics are a querulous and self-serving group. some of whom are <

1

right-thinking ',
but others of whom insist on their own explanations. The choice between theories
among these palaeontologists and academics is not based on objectivity, but rather on
what they prefer or ''subscribe to. Table 4.4.4 shows meanings construed in the Mail

and Guardian extract in simplified form.

Table 4.4.4  Meanings construed in the Maiji and Guardian extract

[Reader and writef] would think > impact] would Kill ™ dinosaurs
T have had (io put

. up with) > [theories of _
Palaeontoogisty want > | extinction to be > Empla

Circumstances

The circumstances in the extract refer 10 the field of Palaeontology, both place (bold) and
present time (underlined). This indicates that the present is the main focus of the text.
There are also two circumstances to do with the remote time of the dinosaurs:

'%Most palaeontologists today

'“In palacontology right now

‘4 few years back it was death by volcanic eruption

SSince then we have had death by genelic changes

"*During that time dinosaurs had seen it all

"*Dinosaurs were the dominant Jorm of life on this planet for 160 million years

Table 4.4.5  Circumstances in the Mail and Guardian article

Duration ; Place Time | Manner | Accompaniment | Total

4(33%) 14(33%) [2(17%) |1 2 (17%) 12
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4.4.1.3 Summary and overview of Field in the Mail and Guardian article

The Mail and Guardian article focuses on two main areas: ‘“‘we’ the reader and writer and

our experience of the theories of palaeontologists, and secondly it focuses on theories of
what killed the dinosaurs. “We”, the reader and writer, have had various far-fetched
theories foisted on us by scientists, a subjective group who are led by their own
preferences. A generic faceless group (unlike the other two popular texts), scientists are
associated with mental processes (they have thoughts and ideas ascribed to them) but
they are not associated with verbal processes and thus never speak for themselves. Most
processes in the text are material processes and these congruently encode real physical
meanings to do with the death of the dinosaurs and effects on the climate. In field (but, as
will become clear frern my analysis below, not in tenor) the text is most like the other

two texts for non-scientists — the texts for children and the Trefil and Hazen text.

4.4.2 Mode in the Mail and Guardian article

As in previous analyses of this kind 1 look below at ways in which the writer of this text

has chosen to organise the message. Besides examining theme, nominalisation,
embedding, passivisation and conjunctive relations as | do in other texts in the study, I

also consider ellipsis of clauses in the article, as this is of particular interest in this text.

4.4.2.1 Theme in the Mail and Guardian article
Table 4.4.6 provides a clause by clause analysis of theme in the Mail and Guardian

article. In the fourth column of the table 1 signal the markedness of themes using
Gosden’s (1992) categories.

The Mail and Guardian text is clausally simple, with many of the clause complexes
consisting of a single clause (only six out of nineteen clause complexes have more than |
clause). This, as Halliday (1989) has noted, is usual for written texts.

There are a large number of marked themes in this article: ‘heavy’ themes, adjuncts of
location in time, and textual themes indicating contrast. These themes confirm that the
writer’s chosen method of textual development is to set up certain expectations in the
reader and then indicate that these expectations are false. The writer sets up expectations
in clause 1-8 and then indicates these expectations are false in clause © We have a

pattern of:

Clause 1 & 2: maintenance of theme
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Clause 4-6:  marked theme - expectation

Clause 9: Textual theme indicating contrast - between expectation and reality

Similarly, the writer sets up expectation in clauses 10-13 (maintenance of theme), and
then indicates these expectations are false in clause 14. The themes of clauses 15-19 are
heavy themes signalling the writer’s interpretation of the true state of affairs.

Table 4.4.6 Theme in the Mail and Guardian article

Textwal | Interpersonal | Topical theme Markedness
la —-Discovering the fate of dinosaurs
Ib | at least L il
2 [ pThe fact ((that no single, sure-fire way has been | Heavy theme
found to get nid of dinosaurs))
3 Hardly a week interpersonal
4 A few years back, Location in
tume
5a By throwing huge amounts of dust into the | manner
atmosphere,
5¢ and thus Cause: result
6 Since then -Location in
, / lime
| Ra That [impact] -— '
8b vou
9 But no contrast
10a | | | Most right-thinking palaeontologists today
10b | that even this mopumental impact interpersonal
11 | Instead, they conirasl
17 | Academics /
13 | Indeed. there /' Elaboration:
verifaclive
14 | But there / | conirast
15 Dinosaurs /|
16 Durning thal time (- 40 times longer than ann?@g | Heavv theme
approaching humans have been around -) ’
17 | 1 Climatc upheaval, shifiing contnents. volganig’| Heavy theme
| cruplions. meteor impacts? /B
18 "4
19 Only pr the incredibly rare event (of several global | Interpcrsonal
catastrophes striking all at the same 1ime) Heavy theme
Nominalisation: italics; clause a8 theme: bold: marked theme: underlined
4.4.2.2 Embedding and nominalisation in the Mail and Guardian article

In this section [ consider embedding and nominalisation in the Mail and Guardjan article.

Embedding

Embedded material in this Mail and Guardian article serves two functions. Firstly, most

embedding adds to the specificity of what is said in the ranking clauses (a feature found

in Raup and Sepkoski, Trefil and Hazen and the Scientific American article). Secondly,
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some evaluative comment is situated in the embedded clauses. This feature is also found

in the Time article.

1. Embedding that adds to the specificity of what is said in the ranking clauses:

SHardly a week goes by without some new theory [for zapping the dinosaurs/ hitting the
headlines.

During that time (- 40 times longer than anything approaching humans have been
around -] dinosaurs had seen it all.

2. Embedded clauses as a site of evaluative comment (underlined)

'“Discovering the fate of dinosaurs is the hol topic in palaeontology right now — Par

least, il is among those [[who don’l see it as another source of lrivialisation of their
subject.]]

BIndeed, there are those who insist there is only one explanation [(namely their own). ]
"“But there is one last, humungous fact [[standing in the way of all one shot kills all
theories.[]

Nominalisation

There 1s not much nominalisation in this exiract — only six different nominalisations in a

327 word extract: Pwrivialisation. **death. *eruption, Schanges, Sbreak-up. 6.7.100

12.13

impact
explanation, *extinction.

1. Some of the nominalisation serves to show cause and effect and to keep the
reasoning within the same clause:

A few years back, it (the new theory) was death by volcanic eruption. [A few years back

the theory was that volcanoes erupted and caused the dinosaurs’ death {to die}].

$Since then we have had death by genetic changes. death by continental break-up, and

most famously, death by meteor impact.

This also allows “death by” to be foregrounded and comically reiterated — comic in that it

is reminiscent of the murder mystery.

2, An example of nominalisation for the purpose of encapsulation (Thompson
1996:17) or distillation (Martin 1993:267) of a technical term is:

"2 4cademics would narurally prefer that the explanation of the extinction of the dinosaurs

were simple. [...the explanation of what made the dinosaurs extinct were simple.]

The nominalisation is less clumsy than the more congruent meaning,

3. Another instance of nominalisation is:
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12 dcademics would naturally prefer that the explanation of the extinction of the dinosaurs
were simple. (whose explanation?)

This is a case of a nominalisation being placed in relation to an evaluative attribute,
‘simple’. Also, the subject and finite are removed, making ‘the explanation of the
extinction of the dinosaurs’ into a general truth/theory. However, this move towards a
general truth is undermined in two ways: firstly by the hedge ‘Academics would naturally
prefer ...’ This indicates that in fact the explanation is actually not simple. ‘Secondly, the
move towaras making the ‘the explanation of the extinction of the dinosaurs’ into a
general truth is undermined in the next sentence where the subject (who explains?),

which has been removed in nominalising the explanation, is deliberately made explicit:

Blndeed, there are those who irsist there is only one explanation (namely their own).

This humorousty undercuts the apparent wish of ‘some academics’ to have their own

explanation accepted as the only one.

4. A third instance of grammatical metaphor is the use of interpersonai metaphor
in:

'“Discovering the fate of dinosaurs is the hot lopic in palaeoniology right now — gy

least, it is among those who don’t see it as another source of trivialisation of their

subject.

This assumes that it i1s a fact that people are trivialising palaeontology. In this way the
writer evaluates palaeontology as trivial but does not need to say whose evaluation this is.

This is one among many instances of the writer’s negative evaluation of the field.

In short, most nominalisation in this text serves to show cause and effect and to keep the
reasoning within the same clause. Another function is to avoid mention of agency,
allowing the writer to negatively evaluate the field ('®rrivialisation). In yet another case
the writer avoids mention of agency by use of nominalisation to comment negatively and

comically on scientists in the next sentence (' “explanation).

4.4.2.3 Passivisation in the Mail and Guardian article

There is only one passive process in this text:

*The fact [[that no single, sure-fire way has been found to get rid of dinosaurs]] is
perhaps the most lelling tribute science has ye! paid them.



Popular Science: Mail & Guardian 222

This is the same as the use of passives in the Scientific American article. Firstly, it is in
an embedded fact clause; secondly, the agent is omitted but the implied agent 1s the
generic ‘by scientists’ or ‘by science’; and, thirdly, the purpose of passivisation appears

to be textual: the focus is on the goal (**sure-fire way’) rather than the agent.

The fact that almost all processes are active is perhaps in line with the 1dea that active
constructions are more interesting and engaging than passive constructions. Another
interesting method of omitting the agent is used in this extract: use of non-finite processes
or omitting both agent and process all together. The purpose of this does not appear to
obscure who the agent is, because in all cases the agent is recoverable from context,
having been mentioned in the preceding clause. Instead, I suggest that these agentless and

non-finite processes help create the informality of the text and its humorous, jocular tone:

™ An impuct between a very big rock and a hard place at something like 96 000kph.
°But no.

"7 Climatic upheaval, shifting coniinents, volcanic eruptions meteor impacts?

182 Been there, *®survived tha.

4.4.2.4 Conjunctive relations in the Mail and Guardian article

The use of conjunctions in each clause in the Mail and Guardian article is mapped in

Table 4.3.7. On the evidence of this Table, external conjunctive relations predominate in

the Mail and Guardian text. As in the Time article, reasoning is realised in mental

processes rather than being conjunctive or being realised in identifying processes as was
the case in Raup and Sepkoski and the textbooks. The conjunctive relations are mostly
temporal (related to the fact that the author is narrating the development of theories), or
else they are elaborative or extending. The elaborative and extending conjunctions are
corrective, adversative, replacive, verifactive and adversitive, most of which indicate that

the real state of affairs is different from what was expected.
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Internal conjunctive | clause
relations: relations within the

| text itself

Conjunctive relations in the Mail and Guardian article

External
relations

conjunctive |
(between
events in the real world) |
_ Lot -

_claboration: corrective

atleast

N temporal: specific

A few years back

causal

and thus

temporal: following

. Since then

— ]

extension: adversative

But

10a

[10p
10c

11

\extension: replacive

w2

_claboration:verifactive 43

B VRN

extension: adversative

_ Instead

| Indeed

15

16

| But

lerﬂp;_ﬁl_li durative_

17

18a

| During that time

18b

19

4.4.2.5

Elipsis in the Mail and Guardian article.

There is considerable clausal ellipsis in this short extract. This ellipsis gives the extract a

cryptic/conversational feel and contributes to its informality:

8 That ought 10 have sorted the big oafs out, 8 you would think. °But no.

(it didn’t)
"Eie

"An impact between a very big rock and a hard place ar something like 96 000kph,

“E:¢c

7uuleashing the violence of 10-million hydrogen bombs.

(This was ...)

..dinosaurs had seen it all. ""Climatic upheaval, shifting continents. volcanic eruptiors

meleor impacts? "E:c

'8 Been there, ***survived that.
~E:c ~E:¢c

(They had seen...)

(Dinosaurs had... and they had...)
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4.4.2.6 Summary and overview of Mode in the Mail and Guardian article

The organisation of the Mail and Guardian text, and its use of theme, conjunction,

nominalisation and ellipsis, are all a reflection of the humorous intention of the text.
Thematic development sets up the (often obviously false) expectation of a particular
theory of dinosaur extinction and this is then undercut in the last line of each paragraph

through the use of adversative conjunctions.

Almost all constructions in the text are active, perhaps because in journalism active
constructions are regarded as more engaging of reader attention. Instead, to omit
(although not conceal) the agent, non-finite clauses are used involving clausal ellipsis that
omits both agent and process. These devices are part of what creates the informal, jocular
tone of the text. The writer also uses nominalisation to avoid mentioning agency and

commenting negatively on scientists and palaeontology as a field.

The result of all these orgaunisational devices is that the wnier is repeatedly able to make a
statement and then correct it or point out that it is wrong in the next clause:

“Discovering the fate of dinosaurs is the hot fopic in palaeontology right now — "ai
least, it is among those who don’t see il as another source of trivialisation of their
subject.

$3That ought to have sorted the big oafs out. **you would think. °But no.

Indeed. there are those who insist there is only one explanation (namely their own).

“But there is one lusi, humungous fact standing in the way of all one shot kills all
theories.

Y"Climatic upheaval, shifting continents, volcanic eruptions meteor impacts? '*Been
there, '™ survived that.

In this way the writer sets up what are assumed i0 be our (the readers’) expectations/

assumptions and then indicates them to be wrong So the reader has his/her assumed

common-sense ideas contradicted in the article.

4.4.3 Tenor in the Mail and Guardian article.

Tenor, as mentioned previously, refers to the relationship between reader and writer and
how the subject matter is regarded. Because the diagrams in this article function in
constructing interpersonal meaning to a greater extent than in the other texts considered
so far, I consider them as a category of Tenor in section 4.4.3.1. Here 1 also consider the

categories of Contact, Affect and Status, Hedging, and Evaluation.
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4.43.1 Nlustrations in the Mail and Guardian article.
The Mail and Guardian article has two photographs (see appendix page 35). One is a

scene from the BBC’s Walking with Dinosaurs, which was showing on TV at the time

that the article was published; the other is a photograph of what is apparently a realistic
model of a T-rex. Because the image of T-rex is so well known, we probably notice the
T-rex first, and know the article is about dinosaurs before even reading the headline, even
if we do not look directly at the T-rex but notice tt only penpherally. Thus the images are
primary in this article, and the text elaborates the images. I now consider each of the two

Images In tum:

The Liopleurodon from *Walking with dinosaurs’

This is a framed photograph of a swimming Lioplenrodon. The viewer is positioned on
the sea bed and is thus brought inmto the Liopleirodon’s environment. We see the
Liopleurodon from beneath, giving the impression of menace and size. Perspective is
important in creating the sense of threat and menace in this photograph. The
Liopleurodon is represented as being high above us (more powerful than we are),
swimming out of the picture. Its tail is blurred giving an impression that it is far away
from the head, which is in fccus. This gives the impression of great size. We do not see
the ‘face’ of the Liopleurodon - just the undemeath of its body, including very
threatening-looking teeth. Although we are positioned on the seabed and have thus been
drawn into the Liopleurodon’s environment, the animal does not see us — we see it. So in
this case we must see this picture of Lioplenrodon as an offer of information (Kress and
van Leeuven 1996:129). The Liopleurodon and its seabed surroundings are objects of

interest that we can observe.

The image 1s a black and white photograph of a living animal that has actually been
extinct for a long time. So the image presents itself as real, but actually it is not real. Even
the seascape shows long extinct plants. The background is hazy and out of focus - as it
would be if we were to see something under the sea — so once again the image is
presenting itself as real. The perspective also adds to the impression that the image is
real, as the photograph gives an impression of depth as if the /ioplenrodon is swimming
towards the viewer. A fair amount of detail is shown — about as much as we would see in
a photograph taken under water. Overall, the image presents itself as highly credible: we

view it as the photograph of a real living animal.
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Photograph of T-rex
Like the Liopleurodon, the T-rex is both actor and vector realising the non-transactional

action of roaring/baring its teeth/menacing the unseen goal. We, the viewers, are the goal.

The 7-rex is not framed. It has escaped from its frame and jumped out onto the page.
Unlike the Liopleurodon, into whose environment we have been drawn, the 7-rex has
invaded our environment and is eating the words on the page. The 7-rex looks at us with
a small beady eye, but it is its open mouth and teeth more than its eyes that make a

demand on us, menace us and perhaps instil fear.

The perspective of the picture is strange with the head shown much bigger than the rest of
the body, making the animal loom out of the page at us, appearing almost three-
dimensional, and making the animal’s demand on us more urgent. This perspective gives
the impression that the 7-rex is close to us: too close for comfort (or as the caption of the
Liopleurodon photograph says ‘upclose and personal’). This photograph indicates that the
article contains more than informalion, it engages our attention and is thus aftractive to
the reader. Is this engaging quality to invite the reader to read the article, to draw the
reader in? Or is it, in line with the cynical tone of the writing in the article, inviting us to
be cynical about this exaggerated dinosaur with the enormous mouth and ferocious teeth

which, as the headline says ‘won’t go away’”

The 1mage of the T-rex is less realistically presented than that of the Lioplenrodon.
Firstly, there is no background - the newsprint is the background As discussed above,
perspective is exaggerated; the head is exaggeratedly large compared to the body, giving
a cartoon-like impression. The representation is highly detailed; we see the texture of the
skin and of the teeth in a way that is perhaps overly realistic. By contrast, the tongue
looks slightly artificial, and may be computer generated. Overall this tmage is a far better
tllustration than the Liopleurodon of the written text’s contention that dinosaurs, “loud
gormless and likely to bite your head off, ... were just made for a successful light

entertainment show” (Matthews 1999:23, see appendix page 35).

In summary, the photographs aftract our interest and are primary in this text. The first is
from a current TV documentary, the other is the classical image of dinosaurs, the T-rex.
Both give an impression of menace, with us the reader as the goal of the menace. The T-

rex in particular has escaped from its frame and is eating the words of the article. It
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cmphasises the title of the article, that dinosaurs ‘won’t go away’. The T-rex is also
exaggerated in size and thus contributes to the humorous intent of the article. Both appear

to be real photographs of real living animals, and so have high truth-value.

4.4.3.2 Contact, affect and status in the Mail and Guardian article

Contact refers to the writer’s solidarity with readers, affect to ‘positive or negative
attitude of the writers to the readers and what they are talking about’ and status to how
the writer includes the reader (Gerot 1995:104). These concepts are prominent in the

account that follows.

Contact in the Mail and Guardian extract

There is a fair amount of clausal ellipsis which gives the extract a cryptic/conversational
feel and contributes to its informality (see 4.4.2.5 above). This informality indicates
cquality between the wrniter and reader. Another point of contact between writer and
reader is the humorous tone of the article expressed lexically (sure-fire, get rid of,
zapping, trashing, sorted the big oafs out, etc). The writer also expresses solidanty with
the reader by including the reader and writer together in a group of sensible
commonsense people and scientists as a group with far-fetched tdeas, whose theories can
be reasonably easily seen through and dismissed. The text has many reliability hedges
(see 4.4.3.3 below) indicating the degree of skepticism of the writer. The writer is
popularising science for a readership who are expected to be crtical of science and

expected to view scientists as a group likely to be motivated by qualities other than
objectivity.

Sympathy in this article is with the non-specialist reader who is twice included in the
text: Ssince then we have had death by genetic changes. .. and **That ought io have sorted
the big oafs out, you would think, This inclusion is done very casually, serving the
jowlar/humoréus intention of the text, but implying, firstly, that the readers have long
been aware of the series of new theories for dinosaur extinction, and, secondly, that the

readers are the ones doing the thinking about dincsaur extinction.

Affect in the Mail and Guardian extract
Academics and palaeontologists are treated flippantly and without the respect they are
afforded in the other texts in my data: from the research articles to the Time and

Scientific American articles, the texts for children and the textbooks. Academics in this
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extract would "*naturally prefer a simple explanation; in fact some of them Binsist there
is only one explanation (namely their own). Some palaeontologists suspect that
speculation on the fate of the dinosaurs is T another source of rrivialisation of their
subject — as if there are many sources of trivialisation of palaeontology, we are told what
'%most right-thinking palaeontologists think — with the implication that a number of
palaeontologists can be dismissed as wrong-thinking. The theories of these
palaeontologists are recounted in humorous terms; *hardly a week goes by without their
come up with new theories for *zapping the dinosaurs. Theis theories are recounted in
terms reminiscent of a murder mystery: ‘death by volcanic eruption, *death by genelic
changes, *death by continental breakup, *death by meteor impact and "*death by all of the
above. This “what will they come up with next?” tone indicates that academics and

palaeontologists are certainly not the intended readers of the article.

The article 1s humorous in intention, and the humour is more important than an
appearance of objectivity. However the writer achieves a certain appearance of
objectivity by claiming that the views expressed are those that would be shared by any
reasonable person:

'Mosr right-thinking palaeomologists today do not believe, ** That ought to have sorted

the big oafs oul, Rbyou would think. [you is the reader, the ordinary reasonable person}

Scientists are viewed as a petulant group who have foisted a series of implausible theories
on the public (®we, ®you); they are not objective but apparently motivated by a liking for
their own ideas ("*their own explanation). A group treated even more flippantly and
unsympathetically than palaeontologists and academics is the dinosaurs themselves who
are characterised as *big oafs. On the whole, dinosaurs as a phenomenon or topic of
discussion are seen as tedious and over-publicised: the article’s title is Why dinosaurs
won't go away. The author speaks of *the fact that no way has been found to gei rid of
dinosaurs, humorously conflating the extinction of the dinosaurs with removing them as
a topic. Their extinction is variously referred to in terms of *zapping the dinosaurs, **sort
(them) owr, “’do (them) in, and "“knock T-rex off his perch. What killed them is ''a

multiple-whammy of volcanic eruptions genetic and geological changes - with a meteor

impact chaser.

This 1s in contrast with both the children’s literature on the topic (cf. section 4.5), where

dinosaurs are also the central topic but are treated seriously, and the Scientific American
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article (cf 4.3) where dinosaurs are peripheral, but treated as a serious topic of interest.

On the other hand the tone of the Mail and Guardian article has most similarity with the

Scientific American article which also makes a judgement on one of the theories under

discussion and treats it ironically. Presumably this has once again to do with the intended
readership of the different publications: children who like dinosaurs (Children’s books),
scientists and those interested in science who are largely not Palaeontologists or
Geologists and thus are looking for some summary of research in the field and some

judgement of the worth of the research (Scientific American), and adults who do not trust

scientists (Mail and Guardian).

Status in the Mail and Guardian extract

As explained above, the writer includes the reader by characterising scientists as the
Other This implies that scientists are not the intended readers of the article. They, their
ideas, their discipline and their approach to knowledge are treated flippantly and with
little respect. The non-specialist reader and the writer, on the other hand, are
characterised as ordinary sensible people: we (°since then we have had death by genetic
changes...) and you (**That ought to have sorted the big oafs out, you would think). We
ordinary people are in the unfortunate position of having our commonsense ideas

contradicted in the article.

4.4.3.3 Hedging in the Mail and Guardian extract

The analysis in Table 4.4.8 indicates that unlike the other two popular articles there are
few writer-oriented hedges and most hedges are reliability hedges. Reflecting a projected
readership of non-scientists, the writer wants to indicate his assessment of the reliability

of propositions rather than shield himself from reader objections to what he says.

Most hedges are reliability hedges (six), with one attribute hedge, one writer-oriented and

one reader-oriented hedge. This is similar to the chuldren’s texts where reliability hedges

are prominent and unlike the Scientific American article, where writer-oriented hedges
are prominent. This reflects the different readership of the Scientific American and Mail
and Guardian. In the former, the participants in the text are likely to read the anicle, and
other readers besides the participants are likely to have a good knowledge of the field.
Thus the writer has to shield him/herself from chal'enges to what is said by indicating
what the source of the information is - i.e. by citations. In the Mail and Guardian by

contrast, there is far less likelihood of those with a good knowledge of the field reading
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the article. The projected readers are not scientists. The writer therefore feels less

necessity to cite sources or limit his commitment. Furthermore, it is plain that the writer

is exaggerating for humorous effect, and is thus unlikely to be challenged.

Table 4.4.8 Hedging in the Mail and Guardian extract following Hyland 1996
Hedges Reason for the hedge
Ib | At least it is among those who | Reliability hedge: writer has less than full warrant for
categorical assertion (Hyland 1996¢: 440)
2 | ... thatno... way has been Attribute hedge: “‘downtoners that weaken the force of an
found ... is perhaps the most | attribute”’ Hyland (1996¢: 441)
telling tribute ...
3 | Havrdly a week goes by Wiriter-oriented hedge. It appears at first to be an attmbute
without some new theory ... hedge where writer uses a downtoner to weaken the force
of an atiribute. But actually the writer is exaggerating, so |
view this as a writer-oriented hedge where the writer
wishes to exaggerate but does not want to be accused of 1t
so introduces an element of vagueness to shield the writer
from opposition
5a | These could have blotted out | Reliability: assessment of reliability of propositional
validity.
7 | ... at something like 96 Attribute hedge — specify precisely
000kph
8a | That ought to have sorted the | Reliability hedge — the writer is using this hedge to
big oafs out ... indicate that the proposition that ‘that sorted them out’ is
not reliable.
8b | ...you would think Reader-oriented: draws reader into the article/argument.
12 | Academics would naturally Reliability — because it implies ‘but actually its not
prefer that the explanation ... [ simple’.
were simple
13 | ... those who insist there is Reliability — because both “insist’ and ‘(namely their
only one explanation (namely | own)’ imply that the idea of one explanation 15 untrue.
their own)
Only ... severa) catastrophes Reliability — this 1s not a hard and fast established fact -
striking all at the same time the writer 1s reporting an argument to this effect.
could finally ...
4.4.3.4 Evaluation in the Mail and Guardian extract

Evaluation is a category that includes all meaning that functions to express the writer’s
opinion and value system, and construct and maintain relations between writer and reader
(Thompson and Hunston, 2000:6). I begin, in Table 4.4.9, by considering evaluation in
each clause as suggested by Hunston (1993, 1994).

It 1s difficult tn this text to decide who the source is for a lot of what is said. For example,
is the source of information in clause 10 paleontologists or the author? In clause 13 is the

source the writer or academics? The writer claims that “academics would naturally
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prefer... and that " most right-thinking paleontologists today do not believe. .., but we

are not told which academics and paleontologists. We have only the writer’s word for it.

The analysis in Table 4.4.9 shows that two main hypotheses are put forward: the single
cause and the multiple cause hypotheses. In terms of Certainty, although a single cause is
rated as ‘possible’ in clauses 4-7, in clauses 8-11 and clauses 12-14 1s rated unlikely and
untrue. So a number of single cause hypotheses are ‘set up’ in clause 4-7 to be knocked
down in clause 8-11. Instead the multiple cause hypothesis is rated as probable (clause 11
and clause 19).

Table 4.4 9  Evaluation in the Mail and Guardian extract

Status Value
_Clause Adivity | Source _ Modification | Certainty | value - -
la _assess _wTiter | — certain | + current = -
b | satefaq | writer [ atleast  [cetan | -impottance
2 | State fad_ | writer | perhaps __[possible | B o s =
3 State fad writer | Hardly | certain - aurrait
4 hvpolhean Headlinesmews | __Eoss:bil. Hypotheses — smgle cause
Sa hypothesis News T could have blotted | possible
5h | hypothesis | News _Possible }I_ -
S¢ hypothesis _News _powhlc )
6 hypothesis | news 1 - ____Poqs_blg. | = famous I N .
7 hypothesis News or somethmg like possible + spoc!amlar
N unspecified RA
8a hypothesis writer ought to have, you | unlikely
_ R _ would think B ] i
8b | project S ST L h =
9 ] assess writer i ;_unlmc e o
10a project - ] I
10b h\polhcﬂla Palcumoigj::lé—-“ donat believe  unlikely -reasonable o
S | WIHeT I —
il hypothesis Paleontolgsts: subscribe 1 probable Hypothesis — Multiple cause
ey .- ‘vnler = — - U S— B
12 hypothesis Academies prefer unlikely Hypothesis — single cause
_ S _ writer R 4 A
13 State faal Academics msist uniikely
writer | | ‘
14 Fact/assess | writer [ __gnhk«.l\. - reasonable i |
15 State facql Accepted "1 known
3 — knowledge =~ | = = b 4 s - .
16 State fact | writer | ~ known - |
17 qanmun . wrTiter i 0 B ]
I8 Factassess  writer N | ceftain ] [
19 ASSEsS writer oould do 1n , probable + reasonable |

In terms of Value, the author i1s ambivalent about the topic as a whole. Although
dinosaurs as a topic are very current and popular, as discussed above, the author views
the topic as over-rated and boring. As Table 4.4.9 shows, he rates them as unimportant
(tnvialising of paleontology). Comparing the single and multiple cause hypotheses, the
single cause idea is rated unreasonable (poor fit 10 expectation and other knowledge)
while the multiple cause hypothesis is rated as reasonable.
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Overall, if we compare this text to, for example, the Scientific American article, the Mail

and Guardian writer

e Is freer with overt negaiive judgements (big oarts, right-thinking paleontologists)

e Does not provide the source of information but peoples the text with a generic group
of academics and paleontologists

e Spends much of the extract knocking down the single cause hypothesis and much less
of it in elaborating the hypothesis claimed by the article to be current and reasonable
(the multiple cause hypothesis). So focus is on the fact of the debate as much as on
the results of the debate and the ideas it advances. It assumes that readers are as much
interested in the gossip about the topic as in the ideas generated by it.

e Aims to be humorous and uses deliberately informal lexis (sure-fire, get rid of,

zapping, trashing, sorted the big oafs out, etc) to achieve this.

This reflects a readership that takes the general topic (dinosaurs, paleontology and, more
broadly, science) less seriously than do the readers of the Scientific American article.

This is not to say that the Mail and Guardian readers necessarily rate science as

unimportant, but merely that it is less central for them than for the Scientific American

readers. The witty/humorous tone is consistent with other articles in the Mail and
Guardian particularly articles not dealing with current news. This is true of many
newspapers.

Table 4 4.10 Alternate negative and positive evaluation in the Mail and Guardian

Clause status value

complex Lo e
C1-3 Fact, writer. centain o + current

4-7 Hypotheses. news, possible Hypothesis:pinglc cause

B - - ) B | +famous, spectacular

8

T A I S
10 Hypothesis, palacontologists. unlikely | - reasonable |
11 Hypothesis, palacontologists, probable | Hypothesis: multiple cause |
———— | A

12 -14 Hypothesis, palacontologists, unlikely | Hypothesis: siggle cause

I | - reasonable

15-19 | FacVassess, wriler, known/probablc | + reasonable 't ]

Like the Scientific American article, the Mail and Guardian article sets up an opposition

between two hypotheses: the single-cause and multiple-cause hypotheses. Table 4.4.10
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shows that the text sets up a series of single cause hypotheses but then knocks them down
with the multiple- cause hypothesis. The topic as a whole ts assessed positively as current
("*hot 1opic). A series of single cause hypotheses are proposed, each undercut firstly by
toivialising echoes from murder mysteries (Cdeath by genetic changes) and then by an
assessment of a single cause by '®right-thinking palaeontologists as unlikely (status) and
unreasonable (value). A multiple cause is then assessed as reasonable and a single cause

once again as unreasonable.

Interestingly, a strong value in both the Mail and Guardian article and the Time article

(see clause 1, 2a, 3b) is that of being current/famous/spectacular. This is a value not cited

at all by Hunston (1993), and 1s apparently not present as a value in research articles.

Compared to the Scientific American article there is less engagement with ideas in the

Mail and Guardian article because no real evidence or research findings are presented in
support of one or other hypothesis. This perhaps reflects the depth of interest in the topic
of the readers, and the extent to which they can be presumed to have followed the story.

Readers of Scientific American have been exposed to previous articles on the topic of

what caused the extinction of the dinosaurs, while the same 15 less likely to be true of
readers of the Mail and Guardian.

In summary, as in the Time and Scientific American articles, there is sequential, positive

and negative evaluation of hypotheses — in this case a single cause and a multiple cause
hypothesis. Compared to the other popular articles, this arlicle makes more overt negative
judgements, is humorous in tone and sets up hypotheses for the purpose of undercutting

them and proving them wrong,

4,.4.3.5 Summary and overview of Tenor in the Mail and Guardian article

The reader and writer of the Mail and Guardian article are regarded as reasonable people
and as equals. Scientists, by contrast, are regarded as not objective and ready to foist far-
fetched theories on the long-suffering reader and writer. The readers are not expected to
be scientists as reflected in the lack of writer oriented hedges/lack of indication of the
source of information. As in the Time article, scientists are ‘other’, but unlike in the Time
article they are viewed negatively. This reflects the expected readers of the article as non-
scientists (as in Time) but non-scientists who are suspicious of the findings and intentions

of science and do not, like the readers of Time, view science as synonymous with
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progress The subject of palaeontology is viewed as trivial and dinosaurs as boring and
over-worked. The photographs depict dinosaurs as menacing but also as exaggerated and
humorous. Unlike all other texts in this study the writer is more concerned to amuse than

to inform the reader. This is reflected in humorous attitudinal lexis, and clausal ellipsis.

4.4.4 Summary and nverview of Register in the Mail and Guardian article

My analysis of this article inuicates that it is different from all the other texts in the study
in a number of ways: firstly, it does not seek primarily to inform but rather to amuse the
reader, and, secondly, there is overt negative evaluation of scientists and dwnosaurs. The
text is far less impersonal than the other texts in the study and the writer clearly tdentifies
the reader and writer as betng in one group. The text is about how an unsympathettc and
subjective group of generic scientists have foisted a series of far-fetched theories about
dinosaur extinction (a boring and over-worked topic) on the reasonable public including
the reader and writer. In terms of field (but not tenor) the texi is similar to the other texts
for non-scientists (Trefil and Hazen and the books for children) in that dinosaurs are
fairly central, and the text is not abstract. Organisation of the text (using theme,
conjunctive relations ellipsis and nominalisation) serves the text’s humorous intention by

setting up various theories and then indicating that they are wrong.

4.4.S Genre in the Mail and Guardian article

As discussed in section 2.5, White (1997) identifies two genres within the media: hard
news reporting, and commentary or opinion. By contrast with hard news, in commentary
or opinion the role of the author is to offer subjective interpretations with explicit value

judgements. The Mail and Guardian article is an opinion piece with frequent

interpersonal value judgements about the competence and motivations of scientists. This

1s distinguished from The Scientific American and Time texts, which fall into one of the

sub-genres of hard news reporting, the issues report.

As an examnle of an opinion piece, this article is the only text in the study that makes
hittle attempt to appear objective. Amusing the reader is more important than objective
information (although the article aims to be informative as well as amusing). By contrast

the Time article, and in particular the Scientific American article, emphasise information

above amusement.
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Like other popular sources in this study such as Time and Scientific American, the

readers of the Mail and Guardian are an educated group. Like the readership of Time the

readership of the Mail and Guardian is broader than the readership of Scientific Amencan

in oot being limited to people with a specific interest in science. The Mail and Guardian
is fairly lefi-wing in outlook and prides itself on being critical of powerful institutions
such as government and big business. This is also reflected in this article in the cynical

tone it takes to the institutions of academia and science 1n general.

4.4.6 ldeology in the Mail and Guardian article
This text is the single example in this study of a text participating in the ideologtes of

science as boring on the one hand, and of scientists as a subjective, unreliable, cynical
group motivated by the desire to advance their own theories, not by a wish to find out the
truth/facts on the other. The first of these, science as boring, is very widespread in
popular culture. It is, I believe, like the ideologies of science as difficult, and science as
authoritative, likely to make science more difficult to learn. It is related to the image of
the scientist as ‘geek’ or ‘nerd’, the highly intelligent but socially inept individual. As
discussed in chapter 4.3, there is some evidence of this image of the scientist in the Time
article.

The second of these ideologies, scientists as a rather sinister and self-serving group,
indicates an ideological strategy indicated by Eagleton (1991): that of mystification.
Academics and palaeontologists are viewed cynicatly and with mistrust. They are a group
apart and different from the readers: they are Other. In the Time article, although treated
as Other, scientists are on the whole positively presented (as having religious authority
and as being highly intelligent) In the Mail and Guardian extract, or the other hand,

scientists and their motives are less to be trusted. This reflects a sceptical and
‘investigative’ trend and in the journalism on which the Mail and Guardian prides itself,

particularly towards groups perceived to be powerful such as politicians, and big
business Scientists appear to be included in this scepticism as one of these powerful
groups. It is also true that Science has always been treated cynically by those on the
political left in South Africa, and the Mail and Guardian can be regarded as the most left
wing of mainstream South African newspapers. Reflecting this, in the Time article,
scientists are real, named individuals, while in the Mail and Guardian article they are a

generic group of ‘academics’ and ‘palaeotologists’.
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It is not that the text has a different idea of facts from the other texts. It is still clear that
within the value-systern of the article there is such a thing as objective facts. The word
‘fact’ is mentioned twice:

The fact that no single, sure-fire way has been found 1o get rid of dinosaurs is perhaps
the mosi telling tribute science has yel paid them.

“But there is one last, humungous fact standing in the way of all one shot xills all
theories.

The reference to ‘fact’ in clause 2 is for the purpose of constructing a fact clause — 1.e
assigning as factual status to *no single, sure-fire way has been found to get rid of
dinosaurs. This makes this statement into an embedded clause making it less likely that

the reader will ask ‘found by who?” or ‘why would anyone want 07’

The reference to ‘fact’ in clause 14 however has the implication of ‘scientific fact’ or
‘accepted by science’. The ‘fact’ referred to is that “Dinosaurs were the dominant life
form on this planet for 160-million years. Thus, in spite of mistrusting science and
scientists, the writer subscribes to the idea of objective scientific facts outside of time and
place and independent of people. Irouically, it is the ‘wrong-thinking palaeontologists’
and academics that overlook and ignore the '“humungous facts, and the author that has to
reassert them.

4.4.7 Summary

In summary, the main purpose of this text is to entertain the reader. Writing an opinion
piece, the writer does not attempt to be objective but uses a lot of attitudinal lexis and
subjective language in giving his own opinion. Information is secondary to humour in the
article. The persona projected by the writer is of a non-scientist who views the readers as
non-scientists t0o. As in the other popular texts a relationship of equality is projected
between reader and writer. By contrast with the other two popular articles in this study,
this article is not sympathetic to science or scientists. Scientists are viewed as unreliable,
subjective and self-serving. They are present in the article only as a generic group and
although they have thoughts attributed to them, they do not collocate with verbal
processes and have no words attnbuted to them. Science; in the topic of dinosaurs at
least, is viewed as boring. The article thus subseribes to two negative ideologies about

science: science as boring and science as sinister.
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The writer uses informal lexis (like **big oafs) and clausal ellipsis to give the extract a
conversational feeling and to add to the humour of the article. One of the two
photographs is humorously exaggerated, supporting the contention of the article title that
dinosaurs won 't go away. Thematic development and conjunction function repeatedly in

the setting up of false expectations which the writer then humorously disappotnts.

Overall, lexis and clausal ellipsis contribute to the humour of the article Generic
scientists who never speak for themselves and are viewed with cynicism contribute to a
negative impression of science and scientists. Thematic development, conjunction and
nominalisation allow the writer to set up theories of dinosaur extinction and then

humorously knock them down in the next clause.
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4.5 Science books for children

4.5.0 Introduction
451 Field in the books for children

4.51.1 Human participants in the books for chlldren

4.51.2 Processes, participants and circumstances

4.5.1.3 Summary and overview of Field in the books for children
4,52 Mode in the books for children

4,5.2.1 Theme in the books for chlldren

4.52.2 Nominalisation and embedding in the books for children

4.5.2.3 Passivisation in the books for children

4.5.2.4 Conjunctive relations in the books for children

4525 Summary and overview of Mode in the books for children
4.5.3 Tenor in the books for children

4.5.3.1 lllustrations in the books for children

4532 Contact, affect and status in the books for children

4.5.3.3 Hedging in books for children

4.5.3.4 Evaluation in the Bouks for Children

4.5.3.5 Summary and overview of Tenor in the books for children
454 Summary and overview of Register in the books for children
4,5.5 Genre in the books for Children
4.5.86 The ideology of science books for childrer
457 Summary

4,5.0 Introduction

[ began my examination of science books for children as a genre, by analysing extracts
from four texts in detail. 1 found that three of these four books were very similar. The
fourth was unusual for the genre, in my experience, in that it contained a narrative as well
as a factual section. I have selected one of the four texts as exemplary of the genre. A full
analysis of this text is provided in this chapter, but I make frequent reference and

comparison to the other three texts, as I have done in the case of textbooks and popular

journal articles.

I have selected a 480-word text called Prehistoric Life (see foldout in appendix page 46)
as my exemplary text, The two texts that are very similar to Prehistoric Life are All about
Dinosaurs (appendix page 37), and DK Picturepedia (appendix page 40). The more

unusual text 1s Tyrannosauraus rex (appendix page 49). As with my analysis of the other

texts in this section 1 consider the context of situation, or register, of Prehistoric Life by
analysing the text in terms of Field (in 4.5.1), Mode (in 4.5.2) and Tenor (in 4.5.3). I then

go on in section 4.5.5 to consider the context of culture, or genre, of the text, before

moving on to a consideration of ideology in 4.5.6. My analysis below reveals that science

books for children show similanties with textbooks in the human participants who are
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included, in the kind of hedging that predomunates and in the attitude to science that is

prevalent in the texts.

4.5.1 Field in the books for children

This section, as is the general pattem for chapter 4, examines human participants,

processes and other participants and circumstances.

4,5.1.1 Human participants
Table 4.5.1 lists all human participants in Prehistoric Life, and the other three books for

children and indicates whether they appear in the major position in the clause and whether

they are specific people or merely generic representatives of a group.

Table 4.5.1: Human participants in the books for children

All about Dinosaurs major/minor. generic/specific

3 We are not sure (aftributive) major; generic?
3a Scienusts thought (menzal) major. generic
102 Sorue scientists think (mentaly Inajor; generic
14a No one knows (mental) major; generic
DK Picturepedia
2a We can tell (mentad major: genernc
3a we know (mental) major: generic
4a We can guess (mentndy MAajor: peneric

12a Some scientists believe (mentaly major. generic
17a Scientists think (mentaly major: generic
Prehistoric Life
5b no one knows (mentud) major; generic
6a Some scienticts think (mental major. generic
7a They believe (mentady major. generic
19a Scientists call (verbad IiNor; generic
21b both groups of scientis:s are nght (attributive) MLOor: generic

Tvrannosaurus Rex

10 human participants

As can be seen, the human participants in three of the texts All about Dinosaurs, DK

Picturepedia and Prehistoric Life were identical: scientists and no one. All about

Dinosaurs, and DK _Picturepedia also refer to ‘we’ in ‘We can guess' and ‘We are not

sure . This identifies the child reader with the writer and with scientists in that ‘we’ are the
ones involved in thinking about and working out what happened. The fourth children’s
book has no human participants. In all three texts we know/don’t know things, scientists
think believe call and are right, no one knows. These three texts are also similar to each

other in what these participants do: largely mental processes. Human participants in the
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books for children are generic, indicating that humans/scientists are not the focus of the
accounts. In this the texts have similarities with textbooks (cf. 4.2) in that the facts of what

happened to the dinosaurs are important, not the people who discover these facts.

4.5.1.2 Processes, participants and circumstances

In what follows | corsider the participants and processes in Prehistonc Life, making

comparisons with the other three texts for children. Table 4.5.2 summarises the kinds of

process in the other three books, thus indizating the extent to which Prehistonic Life is

similar to them.

Table 4.5.2  Proportions of different process type in four books for children

material mental identifying | attributive | existential | total |
All about Dinosaurs | i1 (58%) | 3 ] 4 19
DK Picturepedia 23(52%) |8 s 7 | 44
Prehistoric Life 14 (41%) | 3 5 11 (32%) 1 34
Tyrannosauraus rex | 32 (68%) k! 5 7 47
| | 80 (56%) | 14 (10%) | 14 (10%) 27 (19%) 9 144

Table 4.5.3 lists the processes in all clauses in Prehistoric Life. Plants and animals other

than dinosaurs (*a number of other groups, such as..., ‘fish crocodiles turtles ..., *all
living things, “"Many of the plants both on land and in the sea. Pother reptiles such as
.."*many other groups including ..., *'a squidiike crearure called an ammonite, other
groups that became extinct) are mentioned more frequently than dinosaurs (which are

mentioned four times).

In terms of ideas, Prehistonc Life is very well informed about and summanses the recent

research. For example 1t mentions the two opposing explanations for the mass extinction
at the enu of the Cretaceous: gradualism and meteorite impact and tries to reconcile them:

2]t is possible that both groups of scientists are right.

As with the other three texts for children, matertal processes make up about half of the
processes in the text. Thus the texts are grounded in the physical world rather than the
world of consciousness or abstract relations. There are no verbal processcs in Prehistoric
Life or in any of the other texts. This is because the writers of all three texts do not cite

specific sources as is the way in the popular anicles and research article. Attributive
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processes are fairly common serving to paint a vivid picture by saying things are hotter,

™ cooler; ‘unchanged, *®extinct etc.

Table 4.5.3: Processes and participants: Prehistonc Life

Actor Materal Goal Circumstance
3 all living things were not affected
5a these extinctions happened 65 million vears
ago,
7c | the seas were draining back from the continents
7d | the mamy volcanic were throwing up great quantities of dust inlo the atmosphere.
eruptions at the ime
11 The Cretaceous meteeriie | could have made a crater 159 times this size
14 hae been found A huge crater that could near the north coast
have ... of Mexico.
16a | This debris could have the skies for many years
darkened
17 | Many of the plants. both would have died from lack of light.
on ...
t8a | the plant-eating dincsaurs | died in their turn,
20a | the thick dust had sentled
20b | the long winter ended
21b malkang the climate much hotter,
25 | Other reptiles such as.., survived the extinclion,
26 | Many other groups ... disappeared as well as dinosaurs,
including ...
Existential Existent
13 there is evidence that ... FACT
Senser Mental Phenomenon
5b no one knows FACT
6a Some scientists think FACT
7a They believe FACT
Token Ident; intens Value
9 The Yucatau area of may have been the site of the meteonte
Mexico impact.
Token Ident: circum Value
8 The huge impact of a large | would have caused | earthquakes and tidal
meteorite waves ...
16b causing a long, cold winter.
21a | These would have caused | what scientists call ...
22 | These two ... changes would have caused | very rapid extinctons. ...
Carrier Aftributive Attribute
1 what wenl wrong”?
2a dinosaurs became extinct at the end of the
Cretaceous period. ..
2b | a number of other groups. | did
such as ...
4 Fish. crocodiles. turtles, managed to survive | unchanged
birds, ...
6b | dinosaurs. and other were beconung less numerous and varted for several naillion

groups that ...

vears before. ..
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7b | the climate may have become | cooler
10 This meteorite crater is 1.2 kilometres wide
15 Rocks all over the world contain unusual minerals which ...
20 | the atmosphere would have a lot of finer dust from the rocks
contained thrown up by ...
23 | It FACT (that both groups | is possible
...arenight...)
24 | This fossilised shell belonged to a squid-like creature called
an ammonite.

Prehistoric Life contains a single intensive and three circumstantial identifying processes,

all three of which are causal. In Prehistoric Life, as in one other book for children, DK

Picturepedia, causal relations are realised as identifying processes as well as congruently
through conjunctions. Table 4.5.2 indicates that on the whole identifying processes are not
common in the books for children. Halliday (1994:126) characterises identifying processes
as dominating “certain highly valued registers (such as scientific ...discourse) where the
meanings that are being construed are inherently syrobolic ones”. This confirms the books

for children as rather concrete, and grounded in the physical rather than symbolic world.

Tyrannosauraus rex is unusual in that the first part (clause 2-9) is wrtten as a parrative
account of something that actually happened. The only hint that this may not be a factual
account 15 the question in the title ‘The end of the dinosaurs?” The language in this section
1s fanciful:

*an asteroid streaked out of space: **The earth shuddered; **The sun danced in the sky;

%Little scuttling mammals rooted for food in the wasteland; There was. *the darkness of
early night; *no moon or stars, just the glow of volcanoes: *the smell of hot dust and
burning.

On the whole, it appears that writers of children’s science employ a variety of techniques
to make the writing more accessible. One of these technigues (not commonly used in this
selection) is fiction/fantasy/narrative. There is greater use of material processes, invariably
grounded in real world happenings, than of identifying processes. The relational processes
are more commonly attributive, contributing to the vividness of the description. Other
techniques used to make the writing more accessible are short nominal groups, and few

words per clause.
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Circumstances in the books for children

Circumstances of place and time are particularly important in the texts for children. This 1s
similar to the other genres in the study. Table 4.5.4 shows the kinds of circumstances in
the four texts. The circumstances of place in the books for children largely concern where

on the Earth ("*near the north coast of Mexico;), and in space (Tyrannosauraus rex: 2 out

of space; All about Dinosaurs: '“around the Earth) Circumstances of time largely

concern the time of the dinosaurs (®at the end of the Cretaceous period).

Table 4.5.4  Circumstances in the books for children

Al] about Dinosaurs | DK Picturepedia | Prehistoric Life | Tyrannosaurus Rex
Extent: temporal 2 1 2 (10%)
Location: place | | 9 (36%) | 3(27%) 11 (52%)
Location: time 3 (50%) 7 (28%) 4 (36%) 1
Manner 1 5 (20%) 1 5 (24%)
Cause 1 1 2 (18%) 2 (10%)
Accompaniment ] |

A 25 1] 21

Lexis in the texts for children

All four texts are in agreement on the lexis used in connection with dinosaurs. In all four
texts death and destruction are almost the only things associated with dinosaurs. We are
told that dinosaurs ***became extinct, 26disappeared, ®hecame less numerous and less
successful. They are speculated to have died of a wide range of things: *a meteorite,
“volcanic eruptions **the cold. Al four texis offer possibilities for the reason for the
mass extinction. As wath the lexis associated with dinosaurs, the lexis associated with
mammals and other creatures i1s similar in the four texts: mammals and other forms
survived, and may in fact have hastened the end of the dinosaurs. Thus mammals and other

ex1ant organisms are set in strong contrast to the dinosaurs They *managed to survive,

2 .
2 snrvived.

As with dinosaurs and mammals, the lexis associated with weather and climate in the four
texts is similar. Al] four texts speak of the earth becoming colder or warmer or both in
succession. The weather “may have become cooler. We are told of icy winters, "**a long
cold winter. On the other hand there is a *'*greenhouse effect, making the climate much

hotter, and the gradual warming of the Earth.
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Meteorites are advanced by all four texts as a possible cause of the dinosaur extinction.
The meteorite/asteroid is a violent body with disastrous consequences: it “‘struck,
resulting in “a crater. Two of the texts suggest evidence for this extraterrestrial body in

the form of unusual minerals from the matenal of the meteorite (Prehistoric Life and DK

Picturepedia).

The texts for children are engaging in terms of asking questions (All about Dinosaurs),

using personal language, using narrative in the case of Tyrannosauraus rex, and using

exaggerated expressions like ‘blown to smithereens’ (Tyrannosauraus rex). Nevertheless |

regard the offering of evidence as well as the offering of altemative theories in all four
texts as indicators of the fact that although for children, and thus different in a number of
ways, these texts are nevertheless factual scientific texts with much in common with other
genres of scientific writing. I therefore speculate that texts such as these are a step on the
path to more adult forms of scientific writing - ultimately a step on the path to the research

article genre. This idea I develop further in section 5.5.1.

4.5.1.3 Summary and overview of Field in the books for children

As in textbooks, human participants in the books for children are generic, indicating that
the facts are more important than who first suggested the facts. In all four texts matenal
processes are the most common type of process. These invanably realise real world
meanings, and the focus of the texts is the dinosaurs and what happened to them in the
Cretaceous pertod. These happenings are not used to make a point about the nature of
evolution as they are in the three textbooks examined. As a result, the texts are literal
rather than abstract. As indicated above ‘scientists’ and ‘we’ are the agents of the mental
processes, and this, 1 argue below, identifies the child reader with scientists. Mental
processes also realise causal relations. The identifying processes are causal in Prehistoric
Life and in one other text. In addition, the books for children are alone in this study in

realising cause partly through conjunctive relations rather than identifying processes.

4.5.2 Mode in the books for children

The analysis below considers thematic structure, embedded clauses, nominalisation,

passivisation and conjunctive relations.
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4.5.2.1 Theme in the books for children
The books for children all employ hyperthemes in the form of headings and subheadings.

The thematic development of Prehistoric Life is more sophisticated than that of the other

three children’s books. I therefore include for comparison a full analysis of theme of one

of the other books for children, All about Dinosaurs, which in this feature is more similar

to the other two texts. In bnef, the thematic development of the four texts is as follows:

o Prehistonc Life combines the use of subheadings (hypertheme), B clause as theme at
the beginning of new paragraphs/stages in the argument, and ‘heavy’ themes, that
make thematic exira information about the theory of extinction favoured by the author.

e In All about Dinosaurs the main heading is a hypertheme from which hangs a series of

little paragraphs each of which combines adjuncts as marked theme, adversative
corjunctions and interpersonal themes (questions).

o DK Picturepedia employs hyperthemes found in the first (summary) paragraph and

expanded on later in different sections of the text. This is combined with subheadings.
There is also a good deal of theme maintenance and some progression of theme.

¢ Tyrannosauraus rex employs subheadings (as hyperthemes) and in the factual sections

there is maintenance of theme and some numbering tc organise the text.

Theme in All about Dinosaurs

Table 4.5.5 contains a clause by clause analysis of theme in All about Dinosaurs. The title

of this text, ‘What happened?’, is a hypertheme for the whole text. From this hypertheme
hang a series of lictle paragraphs, each of which combines two or three of the following
themes: adjuncts as marked theme, adversative conjunction as textual theme, and

interpersonal themes/questions.

Remarkable about thematic choice in All about Dinosaurs are the high number of wh-

adjuncts: what, why, how, why and which. These make the text into a sertes of questions
the answers to which are ultimately unknown as the text makes clear in the final clause

("*No one knows which is the right answer).

Many of the themes signal progression of what the text is about (selecting a constituent
from the preceding rheme). The two marked themes are both circumstantial adjuncts of

locaticn in time. The first of these, Sixty-six million years ago, places the mass extinction
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in tirre, while the second, “°A! one time, places scientific interest in the mass extinction in

time.

Table 4.5.5 Theme in All about Dinosaurs

Textual | Interpersonal Topical Rheme/

markedness

1 Wh... ...at Interpersonal

2 Sixty-six mitlion vears ago, Location: time

3 We

4a At one tme, Locauon: time

4b that the early mammals IS

5a But dinosaurs &— | Adversative

5b and their eggs P

6 So h.. ...OW Interpersonal
causal

7 Another idea e

8 But this change of climate & adversative

9 So wh. .. AT Interpersonal
causal

10a Some scientists

10b | that [T a giant meteorite ten kilometres wide

10c | and |

1la The great explosion <«

11b and many animals ‘/

12 But crocodiles, frogs, birds and mammals ~Adversative

13 These animals il
14 No one
Arrows indicate maintenance of theme Arrows indicate progression of theme

Clause as theme: bold; marked theme: underlined: nominalisations: italicised
* means the theme is carmed over from the previous clause

Martir. {1993:247) shows that method of development of a text 1s often predicted by a
clause (or series of clauses), which function as ‘hypertheme’ to the text following it. As he

puts it, hypertheme 1s to paragraph what theme is to clause. This is certainly the case for

All_about Dinosaurs. The entire text hangs from the question posed by clause 1: What
happened? An answer is offered in clause 2, and then each little paragraph offers a
possible explanation for why this happened. These little paragraphs start in some cases
with adjuncts as marked themes (clauses 2 and 4a), are followed in some cases (5a, 8 and
12) by adversative conjunctions indicating objections to the solution offered in the

paragraph. In some cases the final clause in the paragraph has an interpersonal theme, a



Books for chuldren 247

question (clause 6 and 9). Martin (1993:246) characterises this interaction between Hyper-

theme and method of development as characteristic of the Report genre.

Theme in Prehistoric Life

Table 4.5.6  Theme in Prehistoric Life
Terxtual Interpersonal Topical Rheme/
markedness
1 Wh... ...at interpersonal
2a When dinosaurs became extinct at the end of | Clause as
the Cretaceous perioc 65 milliop vears ago theme
3 But r— nol all Inng things adversative
4 Fish, crocodiles, turtles, birds, mammals and ‘heavy’
most flowering plants theme
5a Because these extinctions happened 65 million | Clause as
years ago theme
6a [ | Some scientists
6b dinosaurs and other groups that became extinct | ‘heavy’ theme
7a » They
7b the chimate b
7c | because perhaps the seas “a causc
/ impersonal
7d | and because the many volcanic eruptions at the {ime P | cause
8 The huge impact of a large meteonte
9 The Yucatdn area of Mexico
10 ——This meteorite crater
i) Lt'l"he Cretaceous meleorite
12 Meleorite {mpacl
13 But there adversative
14 A huge crater [[that could have been caused by ‘heavy’
such an impact]] theme
15 Rocks [{all over the world laid down at that ‘heavy’
fimel] ___—1"theme
16a This debris «
]6b *
17 Many of the plants. [both on land and in the ‘heavy’
sea.] theme
18 | Then the plant-eating dinosaunrs
19 “Greenhouse effect”
20a Evcn after the thicker dust had seftled L-Clause as
/ theme
21a These P
22b » L
22 These two climatic changes &
23 It 15 possible
24 This fossilised shell
25 Other reptiles such as crocodiles. snakes and
lizards.
26 Many other groups

clause as theme: bold; grammatical metaphor. italicised
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A clause by clause analysis of thematic development in Prehistonc Life is provided in
Table 4.5.6. This text combines the use of hyperthemes (that is the subheadings in clauses
12 and 19) and B clauses as theme (clause 2a, S5a, 20a) to organise the text by signalling
new sections of the text. ‘Heavy’ themes, (topical themes with embedded nominal groups)

are also used. The first two B clause themes in Prehistoric Life concern the time scale of

the extinction:

2When dinosaurs became extinct at the end of the Cretaceous period 65 million years
ago
*Because these extinctions happened 65 million years ago

These two themes begin paragraphs 1 and 2 of the text, and could perhaps be said to
signal the beginning of two new stages in the argument. The next new stage in the
argument (impact theory) is signalled firstly by the subheading *Meteorite impact, and

also by the external adversative conjunction in clause 13a which refers back to the

gradualism thecry found in clauses 6 and 7.

The beginning of the penultimate paragraph is once again marked by a subheading and a
clause theme, which does not however start a new phase in the argument, as it merely
continues the speculation concerning the likely atmospheric conditions consequent upon
impact:

N Even after the thicker dust had setiled

The central part of the text under the heading Meteorite impact, (clause 12 - 18) contains
three topical themes with embedded clauses or phrases:

“A huge crater {[that could have been caused by such an impact]]
“Rocks [[all over the world laid down at that time)]
Y"Many of the plants, [both on land and in the sea.]

Use of B clauses as theme and ‘heavy’ themes indicates that Prehistoric Life may well be a

slightly more adult/complex text than the other books for children in that its thematic

development through marked themes is similar to more compiex texts. This greater level

of sophistication is supported in its greater use of causal identifying processes than the
other three texts for children.
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4.5.2.2 Nominalisation and embedding in the books for children

In this section 1 consider the use of nominalisation and embedding in the books for
children.

Nominalisation in the books for children
There are not many nominalisations in any of the children’s books. However, Prehistoric

Life and Tyrannosauraus rex appear to have a similar number to Trefil and Hazen, the

textbook for non-science students.

Table 4.5.7 Nominalisation in the books for children

All about Dinosaurs Nil

DK Picturepedia Yreaction

Prehistonic Life Sa. 6b, 13, Zoxtinction, 7“erupﬁ0n5, ffallou!

Tyrannosauraus rex Hecollision, " arguments, Pwarming, “radiation, **explosion

Embedding in the books for children
Embedding in these four children’s books falls into two main categores: embedded
questions and, the most common kind of embedding in these texts, embedded clauses that

add to the specificity of what is said.

Examples of embedded questions are:

*We are not sure [[why this happened]]. (from All about Dinosaurs)
'But no single theory can explain [{what really happened]]. (from DK Picturepedia)

Examples of embedded clauses adding greater specificity to what is said are:
®dinosaurs. and other groups [[that became extinct]], were becoming less mumerous
(from Prehistoric Life)

“Only the little scuttling mammals, [[that had been hiding underground when disaster
struckf]. emerged from their holes (from Tyrannosauraus rex)

Table 4.58  Embedding in the books for children

All about | DK Prehistoric | T Rex | Total
Dinosaurs | Picturepedia | Life
Questions 2 3 ] 0 6
Packaging information as facts | 1 ] 0 0 2
Increasing the specificity of 1 7 11 3 27
| what is said | _ |
| Instances of embedding 4 1] 12 8 35 |
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4.5.2.3 Fassivisation in the books for children

All uses of the passive in DK Picturepedia, Prehistoric Life and Tyrannosauraus rex are

recoverable either from context or the agent is present in object position. DK Picturepedia

has more instances of passivisation than the other three books. Once again 1 equate this
text with Trefil and Hazen, the textbook aimed at non-scientists, which only has three
instances of passivisation. | regard this use of passivisation, particularly in DK
Picturepedia as one of the ways that children’s books show signs of being early versions of
textbooks. The relatively low use of passives is not coupled with a foregrounding of
individual scientists (as it is in the popular texts). Instead, three of the books - All about
Dinosaurs, DK _Picturepedia and Prehistonc Life - attribute ideas to the genenc

‘scientists’. Once again this shows similarities with the textbook for non-scientists by
Trefil and Hazen.

Table 4.5.9  Instances of passivisation in the books for children

| Total | Agent present in [ Agent Agent recoverable
object position | obscured from context
All about Dinosaurs | 0
DK Picturepedia 5 2 3
Prehistoric Life 2 2
Tyrannosauraus rex | 2 2

4.5.2.4 Conjunctive relations in the books for children
I begin this section with a clause by clause analysis of conjunctive relations in Prehistoric

Life. As in All about Dinosaurs and DK Picturepedia, there are no internal conjunctions in

Prehistoric Life. A reason for this could be the shortness of the texts making this explicit

text organisation unnecessary. External conjunctions are largely temporal (outlining the
timeframe in which the extinctions happened), causal (outlining why certain possible
extinction scenarios would have caused extinction), and adversative (more than one

possible explanation).

Of the four books for children, Tyrannosauraus rex is the only one where the principle

conjunctive means of structuring the text is through corjunctions of addition, contributing
to its being a more spoken text than the other three texts. The other three texts use

adversative, addition, causal and temporal conjunctions.
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" Note: Clause 8-11 and clause 24-26 are caplions of illustrations

| Internal conjunctive relations: | clause External: real world
rhetorical structure | | conjunctive relafions
' | 2a Temporal: simultaneous | When
2b W | \Extension: addition | sodid
3 } Extension: adversative | But
| 4 | (elaboration: exemplifying) | (for example)
N Sa Causal-conditional Because '
- | Sb ) ) :
6 { |
!___ 7o 4 l |
o 7c « Gausal-conditional: reason | perhaps because -
- 7d Gausal-conditional: reason and because ]
8 I
i 5 = —
10 |
- - 11 |
- T2 -
B 113 w Extension: adversative Bt
o | 14 (Elaboration: exemplifying) (as evidence) N
15 " —_ -— — —
I | 162 |
o 6o W
- 17 (causal-conditional: reason) (on account of this)
B | 18 | Temporal: following . Then 1
| 19 | | |
o | 20a | Temporal: following | Even after i
- | 20b | Extension: addition and |
—_— — zoc SN T RES———— - N — e — e
- 2 ® T
. _|2lb  [(causalconditional) | (thus) S
) 22 - - _
. oz - B
e 24 N—— —
- 25 - -
26

To summanse, in the four books for children, external conjunctive relations predominate

as in all other texts considered except Raup and Sepkoski. Temporal, causal and additive

and adversative conjunctions are common. An unusual feature in the books for children

compared to all other texts is that causal relations are realised conjunctively (which

Halliday regardS as congruently) rather than clausally in identifying or mental processes as

is common in the other texts. Another unusual feature is that temporal conjunctions in the

children’s texts relate to the time of the dinosaurs rather than to the present time as they

do for example in the Scientific American and Time articles, both narratives of research.
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4.5.2.5 Summary and overview of Mode in the books for children

My analysis of Mode thus indicates two points of interest in the organisation of these
texts. The first of these is features that contribute to these texts being more literal and
more congruent in their realisation of meaning than the other texts in the study. The
second is features that suggest similarities with textbooks. Examples of features that
contribute to these texts being more literal and more congruent in their realisation of
meaning are the dearth of passivisation and nominalisation and the fact that causal
relations are more often realised conjunctively than in other texts. Temporal conjunctions
relate to the time of the dincsaurs rather than to present time as in the other texts in the
study. In one of the texts pictures are a structuring device with the text accompanying

each picture.

Examples of features that indicate similarities with textbooks are firstly that there is about
the same amount of nominalisation in these texts as in Trefil and Hazen the textbook for
non-scientists. Similarly, incidence of use of the passive is similar to the amount found in
Trefil and Hazen. Neither nominalisation nor passivisation is used 10 conceal the agent. By
contrast with the popular texts the comparative dearth of passivisation is not matched by

foregrounding of individual scientists; those found are all generic as in textbooks.

Other aspects of organisation of the texts are thematic development and embedding. The
method of development in four texts involves hyperthemes in the form of subheadings. As
in the other texts embedded clauses that add to the specificity of what is said are the most
common function of embedding although embedded questions that serve to engage the

tnterest of the readers are alzo found.

4.5.3 Tenor in the books for children

Tenor refers to the roles of the reader and writer of a text and the interaction between
them. Science books for chiidren are written by adults for children with the aim of
informing. In section 4.5.5 below, I argue that the introduction to one of the texts (DK
Picturepedia), projects the reader as a middle-class child whose highly literate parents will
guide him/her in reading and interpretirg the text. In this section 1 report on my
investigation of the illusirations in the text, as well as the categories of contact, affect and

status, hedging, and evaluation.
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4.5.3.1 Nlustrations in the books for children
Iustrations have an ideational function (information-giving) as well as an interpersonal

function. In the case of DK Picturepedia (appendix page 40) they even have a structuring

function as each paragraph is associated with and illustrated by a diagram. Nevertheless, I
feel that the interpersonal function is the most important function served by illustrations in
books for children. They attract the interest of the reader and show solidarity with them. 1

have therefore chosen to consider illustrations under tenor.

The Prehistoric Life text (see foldout in appendix page 46) is on a double page and forms

a chapter entitled “What went wrong”. The left or Given page (Kress and van Leeuwen
1996) shows three images supporting the Impact Hypothesis. In bottom left position, i.e.
most Given and Real (Kress and van Leeuwen 1996), is a photograph of a real impact
crater. This is shown from a high oblique angle, not entirely top-down/objective, but
showing the perspective of the landscape. Interestingly, in every text which shows an
lopact crater, the image is sited at the bottom (Real) and often at the left (Given). It
appears that being real, photographs of real craters, which are well accepted to have been
caused by extraterrestrial impact, these craters are invanably viewed as Real, solid and
earthly.

To the nght of the impact crater (somewhat Newer) and also in Real position is a map of
the Gulf of Mexico, the proposed impact site for this particular extinction. Maps are Offer
tmages;, they offer “objective dispassionate knowledge, ostensibly free of emotive
involvement and subjectivity” (Kress and van Leeuwen 1996:126). This presents

something essentially uncertain and speculative as objective and possessed of a fair degree

of certainty.

Above the map in Ideal position is the meteonte in the act of hitting the Earth The
resulting explosion is represented by concentric circles emanating from the impact. This
image 1s naturalistically crawn but, being drawn, has less truth value than the map,
photograph of an impact crater and photograph of an Ammonite fossil of the right hand
page. It is represented as an Ideal model/possibility of what happened. This ldeal position
for the asteroid/meteorite/comet hitting the Earth or exploding is found in two of the other

texts for children: All about Dinosaurs and Tyrannosauraus rex. DK Picturepedia places
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the asteroid speeding towards Earth and actually hitting Earth in bottom Real position and

also chooses images with more photographic truth value to represent this.

On the right or New page is a photograph of an Ammonite fossil in bottom Real position.
It 1s photographed from above and thus represented as an objective scientific specimen: a
real piece of evidence. The inset block in top Ideal position is a classificatory structure
with “What survived” on the left (Given) and “What disappeared” on the nght (New). The
labelled attributes of this structure represent the important classes of each group:
amphibians, insects, mammals and reptiles who survived, and pterosaurs, ammonites,

plesiosaurs and dinosaurs who did not. This is similar to the image in DK Picturepedia that

shows what survived.

As we would expect in a book for children, all four of the texts have a number of very
colourful illustrations. Some of these are very naturalistic paintings/drawings, while others
are photographs, the form with the highest current cultural truth-value. In a similar way to
the Liopleurodon image in the Mail and Guardian, which was a photograph of a long-gone

scene, one of the texts for children (DK Picturepedia), produces an illustration of an

asteroid hutting earth that has high truth value in that it looks like a photograph.

All four books tllustrate the impact and dinosaurs; three illustrate the survivors and three
itlustrate an impact crater. In all three cases the impact craters are in high oblique angle,

not entirely top-down (objective) as in the Scientific American image of an impact crater.

All four texts favour the impact hypothesis, and this is visually reinforced by the salience
and number of the impact illustrations. On the other hand, three of the texts choose to
illustrate alternative hypotheses (mammals eating dinosaur eggs, caterpillars eating the
vegetation, poisonous plants.) Thus although the text is does not favour these

explanations, the illustrations, like the text, give them some space as possibilities.

4.5.3.2 Contact, affect and status in the books for children
In this section I consider Contact, Affect and Status in Duff, three categories which Gerot

(1995:104) uses to illuminate the interpersonal metafunction.
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Contact in books for children
Contact refers to writer’s solidarity with readers (Gerot 1995:104). Solidanty is indicated
in a number of ways in the four books for children that 1 analysed. I will constder

Prehistoric Life first, and then make some general remarks about the books for children as

a whole. The title of Prehistoric Life, (What went wrong?), is a question, which engages
the readers in the problem of what caused the extinction. The illustrations of the text also
express solidarity with a child reader So too does the occasional vivid and dramatic
language: 3huge impact, “enormous impact, ©...their final end. announced by the fiery

glow of a huge meteor streaking across the sky.

In general, the books for children are clearly scientific texts and features which they share
with the other genres in the study are a tendency to be rather impersonal, and the technical
language used in three of the children’s books. However, solidarty with the child readers
is shown in a number of ways:

The child readers’ interest 15 engaged through questions (All about Dinosaurs, Prehistonc
Life) exclamations (DK Picturepedia), joking (DK Picturepedia), llustrations (all four

books), and vivid and dramatic language (Prehistoric Life). Tyrannosauraus rex also uses

two types of text, narrative and factual report, in order perhaps to appeal to children who

like one or other text type. In two of the texts (All about Dinosaurs, DK Picturepedia)

solidarity is shown through use of we (reader, writer and scientists), This identifies the
reader with scientists as a group. The writers use these features to mitigate the difficulties
involved in reading impersonal and technical texts. From this perspective they are
inducting readers into scientific genres such as textbooks. Use and definition of technical
terms such as ‘greenhouse effeci” and ‘plankton’ introduces the reader to such

terminology and thus includes them as members of the scientist group.

The writers of these books are writing for children who like facts, and who have had some
exposure to factual writing. The assumption is often made that the narrative form is easier
and more ‘naturally’ accessed by readers but as Martin (1989) has argued this is likely to
be because of our greater exposure to the narrative form. Nevertheless it is more likely
that middle class children will be exposed to books of the sort analysed here. That the
authors of the books project their readers as middle class children with highly literate
parents who value information for their children is, I argue, clear from the editors’

introduction to DK Picturepedia discussed in section 4.5.4 below The similarities between
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these books and textbooks indicates that childhood exposure to books of this sort may be

an advantage to children later in their education.

Affect in the books for children

Affect refers to ‘positive or negative attitude of the writers to the reade-s and what they
are talking about’ (Gerot 1995:104). The children’s books project a positive attitude to
science and scientists (who collocate with most of the mental verbs and thus do most of
the thinking). The physical evidence of rocks, craters, minerals and fossils is evoked to
indicate that quanmtative evidence is what guides science. However science is not cut and
dried as there are various theories portrayed in all four texts. Particularly interesting
features that indicate affect in the four texts are an astonished exclamation in DK

Picturepedia ("*#hat a hole!), an amused exclamation in DK Picturepedia (**Some are

more unlikely than others!), and attitudinal lexis in Tyrannosauraus rex (‘“*rhe effect of the

192

impact is devastating; **an unimaginable explosion; '”All of the alternative theories

have their weak points)

Status in the books for children
Status refers to how the wnter includes the reader (Gerot 1995:104). In Prehistoric Life

the writer 1s an adult and the intended readers are children, but there is no indication of

any inequality of status between wnter and reader.

There is some technical language, what Martin (1993:230) refers to as distillation:
2tiny forms of sea life (plankton)

*“the atmosphere would have contained a lot of finer dust ...*** These would have caused

what scientists call a “greenhouse effect”

There are some nominalisations:

2became extinct becomes “extinctions

Although few, these instances of technical language and nominalisation indicate that the
wrter is directing the text at children who are on their way to acquiring this register/

literacy. There is no reference to either reader or writer, making this text like the
textbooks.
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For the most part the books for children belong to the genre information report: as in the

textbooks the reader is an authority supplying information. Apart from this the writer does
not patronise or talk down to the reader, in spite of the fact that the reader is a chuld and
the writers are adults. In one case the wnter includes a4 narrative text, presumably to
engage the reader in what is usually considered as an easier form. Two of the books
include the reader in the texts and as I argue, as scientists, by using we. Two of the texts
include the reader by asking questions, and one by use of exclamations which serve to
engage the child in the text. All the texts use many colourful illustrations to engage the

interest of the children.

4.5.3.3 Hedging in the books for children
Prehistoric Life contains a lot of reliability hedges, which, appears to be the most

proninent type of hedge in this genre. Writers use reliability hedges to indicate that theve

1s some doubt about the proposition under discussion,

Table 4.5.11 Hedging in Prehistoric Life

Hedge Reason for hedpe (after Hyland)

5b [ no one knows Reliability hedge

6a | some scientists think that writer-oriented/ reliablity hedge

7a | They believe that... writer oriented hedge

7b | the climate may have become cooler ... Reliability hedge

7c | perhaps because the seas were ... Reliability hedge

8 The huge impact would have caused Reliability hedge
9 The Yucatan area may have been the site Reliability hedge
11 The Cretaceous meteornte could have made Reliability hedge
14 | A huge crater that could have been caused Reliability hedge
15 _..unusual minerals which could have come Reliability hedge

16a | This debnis could have darkened Reliability hedge

[7 | many of the plants... would have died Reliability hedge

20c | ...the atmosphere would still have contained Reliability hedge

21a | These would have caused ... Reliability hedge

21a | ...what scientists call writer-oriented hedge

22 | These... changes would have caused ... Reliability hedge

23 | It is possibie that Reliability hedge

Table 4.5.12 shows that the most common form of hedge in books for children is reliability
hedges. This suggests that the major motivation for tentativeness is the writer’s wish to
share with the reader his/her impression of how reliable the information is. This is one way

that books for children are similar to textbooks. In both genres, the writer is trying to
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provide the best explanation of the topic that he/she is able to give, and to indicate to

readers the extent of his/her own confidence in the information provided.

Table 4.5.12 Summary of hedges in the books for Children

Reliability | Attribute | Writer-oriented | Reader-onented* | Total
All about Dinosaurs | 6 1 4 11
DK Picturepedia 13 1 3 | 17
Prehistonc Life 14. 2.5 1 18
Tyrannosauraus rex S 3 8

*These are questions, which I regard as including aid showing solidarity with readers, and thus as reader-
oriented hedges.

4.5.3.4 Evaluation in the books for children

Table 4.5.13 below shows evaluation in Prehistonic Life in terms of value and status

(Hunston1993, 1994). The writer starts the text by stating what is known: that the
dinosaurs became extinct, how long ago, and which living things, in contrast, survived.
The writer then moves on to the two major extinction theories. An analysis of status

indicates that in Prehistoric Life, as in All about Dinosaurs and DK _Picturepedia, the

gradualism theory (rated possibie) is less likely that the tmpact theory (rated possible to
probable with some elements of certainty). Thus this analysis allows us to say what was
not obvious before, that the impact theory is favoured by the writer. In terms of value,
both the gradualism and impact theories are positively evaluated, both having the ability to
explain the extinction in a useful (gradualism) or reasonable (impact) way. The map
photographs and illustrations play a large part in adding value to the text. They are a kind
of evidence for what is said in the text, taking the place played by data in a research
article.

Interestingly, in the case of two clauses, it is the embedded nominal groups that contain
the modal verbs, with the process of the clause - the main finite verb - unmodalised:

"4 huge crater that could have been caused by such an impact has been found near the
north coast of Mexico.

“Rocks all over the world laid down at that time contain unusnal minerals which could
have come from the material of the meteorite,

In these two cases the clause itself i1s certain, but the embedded clause is not.

All four books evaluate the impact hypothesis more positively than they do other theories.

This 1s achieved both in the text and in the illustrations. In the books for children the
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Table 4.5.13  Evaluation in Prehistoric Life
—_C‘"'-* Activity | Source Modification | Certainty | value
1 | question writer ! _ unkiown
22 | narrate event | accepted knowledge | certain
2b narrate cvent | accepted knowledge certain knowp events/ facts
3 | state fact | writer o cerain -
4 | state fact | writer _ | certain 4
' S5a_ | narrate event | accepted knovledge | certain
'5c | hypothesise | writer/accepted | no one knows , unknown
| | | knowledge |
| 6a project ' -
6b hypothesise | scientists some scientists possible ‘l}ypot.hesis
. . think
7a project ' - D
7o hypothesise | scientists | they oelieve possible | kiseful
| 7c . hypothesise | scientists | perhaps possible B
 d hypothesise | scientists | | possible
8* | hypothesise | writer/ scientists | would have caused | probable | drawing
- - N - L _ believgble )
g* hypothesise | accepted kmowledge | may have been the possible rhap
N | _site ! | seful _
10* | describe | writer | certain fhotograph
| photograph | ) - B useful
_L1* hypothesise | writer |_oould have made | possible | |
12| ]
| ]
13 hypothesis | writer/ scientists | there is evidence | probable | hypothesis -
14 state fact writer/ scientists | could have been possible t 4
| caused | known repsohdble
15 state fact writer/ scientists could have come known réasdnbblé
| - from possible
16a hypothesise | writer | oould have darkened | possible usefull | |
' 16b | hypothesise | writer ! _ possible | |
17 hypothesise | writer/ scientists would have died ~ probable o
18 state fact | writer/ scientists ) | cenain
19
20a narrate event | writer/ scientists | probable | wseful | | |
20b narrate event | writer/ scientists | probable
20c hypothesise | writer/ scientists would have probable
i | | contained | B
' 2la | hypothesisc | scientists . would have caused | probable 1
21b  statefact | scientists ~ probable B —
| 22 hvpothesise | writer/ scientists  would have caused | probable |
{23 hypothesise | writer __possible | possible
24* | state fact | accepted knowledge | known believahle
_photograph -
25% state fact accepted knowledge known
illustrations |
26* | state fact " accepted knowledge | o known | oelievable
illustrations f

* Captions of illustrations
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illustrations serve as evidence, and add value to the theories they illustrate. Three of the

books (DK Picturepedia, Prehistoric Life, and Tyrannosauraus rex) illustrate the impact
hypothesis in half or more than half of their illustrations. Thus although none of the books
present this as the only possibility, through diagrams, subtle modality and mental
processes, the impact theory becomes the most likely possibility.

Unlike the popular articles, there is no sequential positive and negative evaluation, which
gives the popular articles their debate/dialogic structure. Thus, evaluation appears in the
books for children to serve the purpose of conveying the writer’s real opinion — i.e. how
likely a particular theory is. By contrast, popular texts allow the writer to appear objective
by presenting the opinions of others and allowing these other voices to speak for the

wnter while subtly evaluating them.

4.5.3.5 Summary and overview of Tenor in the books for children
Although impersonal, the books for children show solidarity with the child readers through
the colourful dlustrations, questions, exclamations, joking, vivid and dramatic language. In

the case of one of the texts (i.e. Tyrannosaurus rex) the information 1s rehearsed in both

factual and narrative form. Solidarity is also shown through use of we, which identifies the
reader with scientists. The books have a positive attitude to scientists and science. Science
is not identified as permanent and incontrovertible (Lemke [990) and it is clear that this is
an area of continuing discovery. As in textbooks, the most common hedges are reliability
hedges indicating that the writer wants to give an accurate impression of how reliable the
information is. Evaluation in the children’s books, both overt and implied, and including
the pictures, appears to function to indicate the writer’s opmion of how likely a certain
theory is. The impact hypothesis is evaluated far more positively than the other theories.

This is confirmed by the salience and number of the impact illustrations.

4.5.4 Summary and overview of Register in the books for children

The books for children show similarities with textbooks. An example is that reference to
human participants is generic indicating the facts and ideas are more important than the
people who suggested them. Elements of textual organisation such as passivisation and
nominalisation show similarities in amount and function to the simplest of the three

textbooks, Trefil and Hazen the textbook for non-scientists. For example, as in Trefil and
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Hazen, these elements do not conceal agency. Another similarnity is that the most common
hedges in both genres are reliability hedges, indicating that sharing a sense of the reliability
of the information is more important than shielding the writer from challenges to what is
said or showing solidarity politeness to readers. These similanties with textbooks suggest
that childhood exposure to books of this sort is a great advantage to children later in their

education.

A difference from textbooks is that the children’s books are literal rather than abstract and
meaning is more likely to be congruently realised than in any of the other texts. The
childrea’s books have a greater focus on dinosaurs and physical real world happenings.
This is reflected in the fact that most processes are material and concern dinosaurs, impact
and its climatic effects. Causal relations are more likely to be realised conjunctively than in
any of other texts. Diagrams are large and colourful and are used as a structunng device

for the text. They also add value to what they illustrate.

4.5.5 Genre in the books for children

Three of the four texts for children in this study are information reports. The fourth text

(1.e. Tyrannosaurus rex) consists of four sections, the central two of which are information

reports while the first and last sections are parratives/recounts. This makes this text very

unusual in the genre, which very seldom structures texts as narratives. As in textbooks,

information report and explanation are the norm.

The four texts analysed show a vanation in terms of their expectations of the ability of the
child readers to cope with a purely factual text. Factual texts are sometimes viewed as
more difficult and less accessible than narratives (e.g. Lemke 1990). Martin (1985)
maintains however that factual texts are not intrinsically more difficuit than narrative —
merely less familiar because people in general have less exposure to them. This argument
would not view including narrative sections in what is essentially a factual text as

beneficial to the child readers. Tyrannosauraus rex stands on the side of the argument that

views factual texts as intninsically more difficult than narrative, and children as needing to
be encouraged and inducted into reading factual material by the inclusion of what is

assumed to be the more familiar narrative form. Tyrannosauraus rex thus provides an

mitial narrative followed by a factual section By contrast, the other three texts are
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completely factual They make fewer concessions to the contention that factual material
may be more difficult than narrative. Chief among the concessions they do make are

simple themes, simple nominal groups, and few identifying processes.

All foufr texts contain a glossary and an index. Both All about Dinosaurs and DK

Picturepedia start with double contents pages with the ‘chapter’ headings beneath a
picture illustrating each ‘chapter’. The book is thus accessible to beginning readers. These
books present themselves as reference books for children: from the very young to children
of about ten years old. But they are not dry or boring All four are colourfully illustrated.
Pictures are primary, and even a child who cannot read at all would enjoy them. It is
interesting to note that, for example in the contents pages and in the text/‘chapter’ in DK

Picturepedia and to a lesser extent Tyrannosauraus rex, pictures are a structuring device in

these texts for children. The reader chooses what part to read and in what order based

partly on the pictures. As noted below, in DK Picturepedia this obviates the need for

internal conjunctions, whose text organising and content-asticipating role is filled by

pictures

DK Picturepedia, in particular is characterised by the editors as a “picturepedia”, and the

first page of the book contains a ‘Note to Pareats’ reproduced on page 44 of the

appendix.

In this ‘Note to Parents’ the text explicitly points out (to the readers’ parents) the
reference nature of the text. This book is part of a series designed to initiate children into
accessing factual information. The editors envisage the readers as belonging to families
who are likely to read the book with the child. The projected reader is a member of a
family that enjoys and values activities like posing questions and answering these by
consulting factual reference works. They are leisured, well off (they can afford to buy
these books), and the adult members of the family already have the ‘look it up’ literacy
into which these books are designed to initiate the child reader. In short these are children

of middle class families from Heath’s (1986) “Maintown”’.
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4.5.6 The ideology of science books for children

Ideologically science books for children have similarities with textbooks in that individual
scientists do not feature and generic scientists are much less important than the facts they
uncover. In the textbooks science involves a process of scientists uncovering pre-existing
facts. Because they are more literal and focused on happenings at the time of the dinosaurs
rather than scientists’ theories on or research into these happenings, the books for children

seem to be one step closer 1o the facts than are the textbooks.

Table 4.5.14 Average number of human participants/1000 words in the texts in the study

Research article | textbooks | Popular texts Books for children

4.4 12.6 25.6 12.2

Table 4.5.14 shows that the average number of human participants in the books for
children s the same as in the textbooks, and all are generic. The difference 1s that the
textbooks on the one hand are abstract, with focus on ideas and research with the people
who thought of the ideas or did the research deliberately removed through passivisation
and nominalisation. The texts for children by contrast are not abstract but literal. They are
about the facts of what happened to the dinosaurs. The circumstances in the texts indicate
a focus on the time of the dinosaurs. Who discovered these facts is irrelevant. The books
for children are thus even closer to the facts than are textbooks. Books for children are
less impersonal than the textbooks because ‘we’, the reader and wrnter, feature in them

and are aligned and identified with scientists.

The books for children are to some extent like textbooks for young children. Differences
between textbooks and suience books for children are apparent in the inclusion of the
readers in books for children, and the greater attempt to make the books attcactive to the
readers through many large colourful illustrations. Another difference is in the motivation
of the readers of textbooks and books for children. Readers of textbooks have been
assigned the textbook reading as part of a course of study; child readers of science books

read them purely for pleasure. In this they are more like the popular science articles.

4.5.7 Summary

Science books for children are very similar to textbooks in terms of register, genre and

ideology. Differences at the level of register are that, in terms of Mode, as might be
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expected in texts for children, there is little nominalisation, embedding or passivisation. At
the level of tenor the texts for children make a greater attempt to engage the child readers
in the text, with some use of questions, personal language, including identification of the
child reader with scientists, and many colourful illustrations. Ideational content of the texts
for children 1s focused on Jdinosaurs, a very popular topic amongst children, rather than
mass extinctions, or theories or research about them. The texts for children are more
literal than the textbooks, which, being for university students, are fairly abstract. Once

again this is explainable in terms of the age of the readers.

The genre of science texts for children is for the most pait information report, a common
genre in textbooks. Unusually for the genre, one of the texts for children rehearses the
information first in a narrative section, presumably in an attempt to make the text more
accessible to children. Ideologically, science texts for children are also similar to textbooks
in that they regard facts as pre-existing their discovery. 1 bave characterised books for
children as having an even greater focus on ‘the facts’ than textbooks in that the textbooks
in this study, being for tertiary students focus on either theories (what scientists think) or
research (what scientists have done). Textbooks are thus at a further remove from the
facts of what happened during the Cretaceous mass extingtion than are books for children.

Once again it is possible that this is partly a function of the intended age of the readers of
the texts.
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4.6 Comparison of the genres analysed in this chapter

4.6.0 Introduction
4.6.1 Field in the texts in the study
4.6.1.1 Human paricipants
4.6.1.2 Particlpants, processes and circumstances
4.6.1.3 Summary and overview of Fleld in the texts in the study
46.2 Mode in the texts in the study
46.21 Theme
4.6.2.2 Nominalisation and embedding
4.6.2.3 fPassivisation
4.6.2.4 Conjunctive relations
46.25 Lexical density in the texts in the study
46.268 Summary and overview of Mode in the texts in the study
4.6.3 Tenor in the texts in the study
46.3.1 Contact
4632 Affect
46.3.3 Status
4.6.3.4 Hedging
4.6.3.5 Evaiuation
4.6.3.6 lllustrations in the texts in the study
4.6.3.7 Summary and overview of Tenor in the texts in the sludy
46,4 Summary and ovarview of Register in the texts in the study
4.6.5 Genre inthe texts in the study
46.6 Ideology in the texts in the study
46.6.1 Whatis afact?
4.6.6.2 How objectivity is established in the texts in the study
4.6.6.3 Negative ideologies of science
4.6.6.4 Audience in the texds in the study
46.6.5 Power relations in the texts in the study
46,7 Summary

4,6.0 Introduction

This study examines texts in four different genres: the research articlie genre, the
textbook, popular articles and finally, science books for children. In sections 4.1 to 4.5, I
have reported on my analysis of an exemplary text in each of the four genres, and have
referred to other texts in each genre where necessary, except in the case of the research
article genre. Because researchers have done more work on the research article genre, I
have analysed only one text from this genre. To indicate the varation in the popular
science genre, sections 4.3 and 4.4 provide analyses of texts from this genre. In the
present section, I summarise and compare the analyses of the four different genres. In
doing so, [ draw not only on the analyses of the exemplary texts that I have reported on in

sections 4.1 to 4 5, but also on the other texts I have referred to in these sections. The
texts concermed are:
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Genre Texts
Research article Raup and Sepkoski
Textbooks Duff (first year textbook)

McGhee (for advanced students)

Trefil and Hazen (for non-science students)
Popular Texts Scientific American,

Time,

Mail and Guardian
Texts for Children Prehistonc Life,

All about Dinosaurs,

DK Picturepedia,

Tyrannosaurus rex

4.6.1 Field in the texts in the study

In selecting texts that are all on the same topic, Field 1s the feature that I have attempted
to keep constant in this study. Inevitably, there are differences, not only between genres,
but between the different texts within each genre. Features in which there 15 vanation are

human participants and the kinds of processes most prevalent in each genre.

4.6.1.1 Human participants

The research article and the textbooks for first year students and graduate students are
highly impersonal and thus, in the value system of science (Latour and Woolgar 1979),
‘objective’. This effect is achieved through use of few human participants in the research
article and first year textbook and through mention of human participants in their very
limited role as writers of research articles in McGhee. The paucity of human participants
in Raup and Sepkoski, Duff, and Trefil and Hazen, and the fact that human participants in
McGhee do not appear in major clauses indicates that human participants is not what
these texts are about. Human participants are incidental here to facts. Trefil and Hazen,
like Duff and McGhee, mentions some generic scientists (facts being more important
than who discovered them in textbooks) but is also similar to the popular texts in
mentioning the Alvarezes as personalities ['*the father and son team of Walter Alvarez (a
geologist) and Luis Alvarez (a nobel laureate in physics)]. The books for children are like
the textbooks in that the only human participants are generic scientists. Like the
textbooks, the books for children are not about scientists, but rather about the facts of
what happened.

An 1nteresting comparison between popular texts, research articles and textbooks is who

is given a voice, and whether that voice reflects their written or spoken utterances.
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Research articles privilege the written and specifically published voices of other
scientists. Ivanic and Simpson (1992) characterise this limitation to published sources of
what can be regarded as legitimate knowledge as a feature of academic discourse.
Textbooks, although they cite some published works, are more commonly ‘peopled’ only
by generic representatives of the discourse community (e.g. ‘Some palaeontologists’ in
Duff) or by unmentioned researchers who have been omitted from the text by use of the
passive. (An example from Duff is: ''Much attention has beem paid to the
Cretaceous/Tertiary (K/T) boundary ) The researchers are present but in a very ghostly
form. By contrast, the Scientific American and Time texts foreground researchers. They

are about researchers, what they think and say and how they engage in their research.
Writers scaffold their argument on the ideas and utterances of researchers, thereby giving
what thev say objectivity (it is apparently the researchers rather than the writers
themselves who are responsible for what 1s said) and also giving what is said the

authority of science.

Time, in particular, projects a very positive image of scientists as humorous and friendly,
although, in the eccentricity of their pursuits and the religious authornity they are invested

with, are also projected as ‘other’. The Mail and Guardian article also projects an image

of scientists as ‘other’ but here it is in an alraost sinister way. Scientists are positioned as

generic so we are distanced from them. They are not real people as in Time and Scientific

American but are represented as a recalcitrant and unreasonable group, whose ideas can
be humorously dismissed. This reflects the varying audiences of the three articles. The

audience is projected as scientists in the case of Scientific American (so scientists are not

portrayed as ‘other’), non-scientists who equate science with progress in the case of
Time. and non-scientists who equate science with polluting technology and illegitimate

power in the case of the Mail and Guardian. What is very prominent also, particularly in

the extract from Time, is that it is not only written published sources that are given voice,
out also interviews and conference presentations. An example from the Time article of an
interview as a source is: ‘“Besides, ‘*®he asked, “*why should the mammals have
survived any Cretaceous catastrophe? Clauses 50-53 of the Time article contain an

example of conference proceedings as a source.
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Table 4.6.1  Human Participants in the texts in the study

R&S | Duff McGhee | T& H | Scientific | Time | M& G | Children’s books

American P Life AAD DK Trex

Participants/ | 4.4 7.4 19.6 10.7 18.8 334 24.4 10 26 13 ! 0

1000 words ;

Major/minor | Major | major | Minor Major | Major Major | Major Major
(+ mipor)

generic/ Spec. generic | Specific | generic | specific Spec. | Generic | Geperic

specific (generic)

7 Human v v v |

participants

_personalised [

In summary, research article and textbooks achieve objectivity through removal of
people. Texts for children are similar (as in the textbooks the average number of human
participants per 1000 words i1s 13). However in two of the texts for children the readers
are included as ‘we’, identifying the child readers with scientists. The average number of
human participants per 1000 words in the popular texts is 27. In two of the popular texts
these are specific, making these texts about real scientists and what they say. The popular
texts do not remove people from the account and achieve objectivity by attributing 1deas

and saving to these scientists.

4.6.1.2 Participants, processes and circumstances

Althougn the texts were chosen so that the Field would be the same in each, there are
nevertheless differences between what is foregrounded in each text, and what the text is
about in each case. Raup and Sepkoski, the research article, is not about dinosaurs or
what happened to them. It is about statistical methods to prove the theory that extinction
has been periodic rather than gradual. By contrast with the popular articles, people are
removed from the account by use of the passive.

In the 1extbooks, focus is once again not on dinosaurs, Instead the focus is theories:
catastrophism vs gradualism (Duff, McGhee and Trefil and Hazen), stratigraphic, fossil
and chemical evidence for the theones (McGhee) as well as what happened during the
Cretaceous extinction (Trefil and Hazen). In the three textbooks we see a range. On the
one end of the range in the three textbooks is the textbook for non-science students (Trefil
and Hazen) which focuses on what happened at the end of the Cretaceous, with a minor
focus on the light this sheds on the rate of evolution. Between the two extremes in the
range 1s the textbook for first year geology students (Duff) which focuses on development
of theones of evolution and the role of the fossil record in this development. It draws
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students into the culture of the discipline by showing how the theoretical framework of
the discipline has developed. At the other end of the range is the textbook for advanced
geology students which takes impact as a given and provides an in-depth look at the

evidence for impact.

In the popular texts, focus is on people rather than theories or on what happened to the
dinosaurs. In the Scientific American and Time articles focus 1s on the researchers, while

in the Mail and Guardian article focus in on the reader and writer and their experience of

the theories of palaeontologists, with a secondary focus on what happened to the

dinosaurs (Mail and Guardian) Scientific Amcrican focuses on researchers, their

methods, their theones and how these differ from the methods and theories of other
researchers. In Time focus is on the researchers and what they do to collect their data (the
endearingly eccentric activities they engage in). The differences between researchers’

theonies, although mentioned, are of minor importance.

In the books for chiidren focus is on what happened to the dinosaurs during the

Cretaceaous extinction (of particular importance in Tyrannosuarus rex) and the theories

that ‘we’ and scientists have about how it happened. Two of the texts (Prehistonc Life
and DK Piciurepedia) suggest evidence for the impact theory. These books for children
can be characterised as textbooks for young children with people (‘we’ and scientists)

brought into the picture, as in the popular texts, to encourage reader involvement,

Table 4.6.2. What each texi is about
Raup and | What was done to test the notion of periodicity in mass extinctions, Whaﬂ
Sepkosk: | was proved statistically, and what this implies.
Duff The development of theones of how evolution has progressed and the rolﬂ
1 of mass extinction in this. Ideas are thie main actors in the text
| McGhee | What researchers have thought about a meteorite cause for the K/T and
i other mass extinctions, and what evidence they have produced for this.
Trefil and | Mainly about what happened in the K-T mass extinction and also some
Hazen information on the light this sheds on the rate of extinction.
Scientific | A narrative of knowledze claims: about researchers and their research into
American | possible periodicity in mass extinction and possible causes for periodicity.
Time A narrative of research indicating how scientists go about their research into
what caused the extinction of the Dinosaurs. _
Mail and | What caused the extinction of the dinosaurs at the end of the Cretaceous — |
Guardian | one cause or a number of causes?
Books for | Dinosaurs and what happened to cause them to become extinct at the end of
children the Cretaceous: a number of theories are suggested.
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As can be seen from Table 4.6.2 above, three areas of focus are discernible: researcher
actions and evidence, the nature of extinction, and physical meanings to do with the

asteroid, the climate, and living things.

Four of the texts — Raup and Sepkoski, McGhee, Scientific American and Time focus on
researcher actions and evidence. They do this in different ways. For example Raup and
Sepkoski never mention the researchers (themselves) and achieve the account through
agentless passives. McGhee mentions the researchers mainly in citations, and the

Scientific American article, and to an even greater extent the Time article, make the

researchers and their actions the focus.

The second focus, the nature of extinctior, is found in Duff, Trefil and Hazen, the
Scientific American article and the Matil and Guardian article. Most of these texts realise

this focus through identifying processes; Duff however uses material processes in this
discussion.

The third focus, physical meanings to do with the asteroid, the climate, and living things,
is found to a greater extent in texts for non-specialists, most prominently the texts for
children, but also the Mail and Guardian article, the Time article, Trefil and Hazen, and
in the embedded clauses of McGhee. The texts for children and the Mail and Guardian
extract are the only texts to focus on dinosaurs.

Scientists are the agents of mental and verbal processes 1n all texts, with some reference

to the reader in McGhee, the Mail and Guardian and the texts for children. As Table 4.6.3

below indicates, material processes are numerous in all texts in the study. This is
particularly true of Duff (which treats ideas like things, and uses rnaterial processes to
express meanings that usually would be realised in relational processes) and the books for
children (which express particularly literal and real world meanings). Relational
processes are numerous in most of the texts, except Duff, the article from Time, and one
of the books for children. A large number of relational processes is particularly noticeable
in Raup and Sepkoski, in McGhee, in Trefil and Hazen, and the Scientific American

article. Attributive processes are more prominent than identifying processes in the books

for children, indicating their concern to provide vivid descriptions of things rather than
define them.
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Table 6.3 Processes in the texts n the sludy

[Rape [Dul  [McGhee Tl & [Siensfc [Time | Moild | Chidren'sbooks
Sepkoskd Huen | American Guardin | Prehistoric Life | A ADinosawrs | DK | TRex
materl | 16(3%) | 1952%) | 15 Q1%) [ 1030%) | 18.34%) | 49 48%) [ 1041% [ 41% 8% % [ 68%
mental i S(1%) 1S 4 3 [4(1%) | S(21%) | 8% 16% 18%
bl |4 ] B (3 [6(%) | 1% ;
dentfyng | 201%) {S(9%) ISQU%) [9Qr0) [0 D02y (S |19 o 1% 6%
atrbutive | 16 (23%) (6% [6(8%) (8% | 10(11% |2 % 0% 1% 1%
behavioural | 3 | | !
existential | | 1 1 I ] ) i Yo | 1%
total 10 2 0 3 4l 103 i 4 19 4
Table 464 Circumstances in the texts in the study
R&S |Duff | McGhee | Trefil & | Scientific | Time | Mail & Children’s books
Hazen | American Guardian | Prehistortc Life | All about Dmosaurs | DK | T Rex
Etet 12 ]4 |6 l 54 l 2 (210%
duration 0% | 1% %% | 33%
Locaio: 12 {3 |9 ] § 5 4 3 | 9 150%
place 15% | 33% B% [ 45% 3% (1% 36%
Location: 12 |2 |2 9 3 7 11 4 350% 7 11
time % [1% 1% 1T% | 36% 8%
Mamer 13 |4 |3 4 3 1311 l | 5 |51%
Wo [1% (0% (1% | 2M% 20%
Cause 1 | 1 ) | [ 1210%
18%
Contingency | ] 1 1
Accompant 11 [4 | 1
ment 20% [T%
Role 3(11%) 1 ]
Matter [ ] ] 4(19%) |2
angle ] I
o 120 {27 19 |2 % 1 Il 6 5|
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Circumstances

It is not obvious that there are differences between genres in terms of circumstances. It
appears that discussion of this field requires locating what is happening in time and place,
making known the duration of extinction and relating how the extinction took place and
how findings were made (manner). Circumstances of time include present day and
geological time in different texts. Circumstances of place include stratigraphy, locations
at which research was done, location in space, and abstract place such as journal articles.
Also important are circumstances of duration (how long the extinction took) and

curcumstances of inanner.

4.6.1.3 Summary and overview of Field in the texts in the study

The focus of the research article, Raup and Sepkoski, is the authors’ own research and
what this implies. This is a narrower focus than any of the other texts. Focus in the other
texts varies from the very wide-ranging and abstract consideration of theories of the rate
of evolution over the last two centurtes (Duff and Trefil and Hazen), to a narrower focus

on the range of evidence for asteroid impact (McGhee and Scientific American), to how

researchers go about research into the end Cretaceous extinction (Time), to the more
literal focus on dinosaurs and the end Cretaceous extinction (the books for children,

Trefil and Hazen and the Mail and Guardian article).

Different kinds of abstraction are displayed in Raup and Sepkoski compared to the
textbooks. Raup and Sepkoski is abstract in the sense that readers must interpret it using
knowledge of statistics external to the text. The textbooks, particularly Duff and McGhee
are abstract in the sense that certain types of information are packaged into embedded

clauses and are thus less easily challenged by readers

Participation of humans in the texts marks a major distinction between the research
article, the textbooks and the children’s texts on the one hand and the popular texts on the
other. The research article removes human participants for complex reasons. They
remove other researchers for reasons of politeness (to avoid disagreeing with them) while
they remove themselves because to be accepted as a fact their knowledge claim must be
removed from human agency — it must be a reflection of nature, not what they think.
Textbooks and books for children remove human participants because the facts and ideas

are more important than the people who first proposed them. In both research articles and
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textbooks impersonality is a way to signal objectivity. By contrast, in two of the three
popular texts, researchers are central to the account and objectivity is signalled
journalistically by quoting these researchers so the writer appears not to be responsible

for what 1s said.

4.6.2 Mode in the texts in the study

The elements of mode which are most revealing are those most usually investigated in
relation to science texts: passivisation and nominalisation. In the research article and
textbooks it i1s clear that these features are used to conceal agency and that this
contributes to establishing objectivity in these texts. In the popular texts by contrast there

ts very little passivisation and nominalisation does not conceal agency.

4.6.2.1 Theme

Table 4.6.5 below summarises the method of development of the various texts and
indicates the function served in each case. (Two ticks tndicates that this feature 1s
particularly prominent). The texts show varied methods of thematic development, with
the most common marked themes in these texts being adjuncts, especially of time and

place, and ‘heavy’ themes.

The greatest evidence of the writer directing the interpretation of the reader is found in
three of the texts in particular: Raup and Sepkoski, the Scientific American article, and
the Mail and Guardian article. In Raup and Sepkoski, which is a highly impersonal text in

general, the wnters use interpersonal themes combined with textual themes and 8 clauses
as theme to track their argument and make it clear and credible to the reader. These
marked themes support Myers’ (1989) contention that research articles, although
apparently objective, actually have a persuasive function in that they must convince the

research community in the person of the reader to accept their knowledge claim.

The author of the Scientific American article also wishes to appear objective, and in the

value system of journalism this means giving “both” sides of the story. This the article
does, but by skilful use of marked themes amongst other things, the writer signals to the

reader that one side of the story is more credible than the other.



Table 4.6.5

Theme in the texts in the study
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Adjuncts

[

Heavy theme

Preposed attributives

subtitles

Maintain theme

Progression of theme

Method of development

Raup &

Sepkoski

< B clauses

Y| interpersonal

N Textual

B clauses as theme. interpersonal and texwai themes
track the progression of the argument. These marked
themes signal what the writers view as NB.

Duff

<

Marked topical themes (heavy themes and adjuncts)
and contrastive textual themes indicate to reader lack
of consensus between the voices on this topic

McGhee

AN

By use of altemating sections of marked themes
maintenance of theme, and progression of theme, the
writer provides a detailed description of research in
the area

Trefil &
Hazen

Maintenance and progression of theme provides non-
scientist readers with an overview. Adjuncts as
marked theme do not change framework but signal
examples. Impression of greater consensus on the
matter than in other texts.

Scientific
American

Each paragraph has a heavy theme in 1% clansc or
adjunct of time/place im 2™ clause or both. This
signals 1o the reader what is NB and how to inlerpret
the text. The writer guides reader interpretation
closely giving more credibility to one of two voices
in the debate in the text.

RN

Introduction uses adpuncis of Lime & place to set the
scene. Bridging section uses summative thernes
defining introductory sketches as "quests’. Rest of 1ext
uses adjuncts, heavy themes, and preposed atmbutives
10 make biographical material thematic and give a
narrative lone.

Mail _and

Guardian

|

Secdons of maintenance of therme and marked themes
‘heavy themes and adjuncts) function to set up
expeciations in the reader. These expectadons are then
undercut/contradicted by use of textual themes
indicating contrast.

Books for
children

An organisational device common (o (he four
children’s books in the study is the use of subtitles as
hypertheme.

The Mail and Guardian article is unusual in this selection of texts in that an appearance of

objectivity is less important than is amusing the reader. In achieving this, the writer uses,

among other devices, short sections maintaining the theme, followed by sections of

marked theme. These set up expectations in the reader, but are followed by textual

themes indicating contrast, which undercut and ‘disappoint’ the expectation. The reader

1s skilfully led to feel that the expectations have been raised and disappointed by
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scientists/palaeontologists, who are represented by the text as largely wrong-thinking

with far-fetched ideas.

4.6.2.2 Nominalisation and embedding
Nominalisation and embedding are both features of more written texts. Nominalisation

makes a verb adverb or adjective into a noun, while embedding extends the nominal

group.

Nominalisation in the texts in the studv

The general impression of Duff as a very abstract text, and of Raup and Sepkoski, and
McGhee as also pretty abstract and hard to process is borne out by the count in Table
4.6.6 of the number of different nominalisations in the different texts. Trefil and Hazen is
has an unusually low number of nominalisations in the context of the other two
1extbooks, and this is presumably because the writers are writing for non-science students
and thus want to make their text as accessible and non-technical as possible. The number
of nominalisations in Trefil and Hazen is comparable to the number in the texts for
children, and is lower than the number in the three popular texts. This implies that the
authors of Trefil and Hazen regard their readers as unlikely to tolerate even the number of

nominalisations acceprable to the (educated) readers of newspapers and news-magazines,

Table 46.6  Use of Nominalisation in the texts in the study

. o 5 Children s books

& G 8 < .8 8

5Z ¢ =8/8Fl g |32 :

&4 E = s | £ gé‘ PLife AAD DK Trex
Number of words in text 000 | 540 | 560 | 560 1900 | 1675 | 327 | 482 | 155 | 400 [ 462
Number cf different 39 30 25 4 27 23 6 3 0 I )
nominalisations '
Different nominalisations per | 43 56 45 7 30 20 18 6 - 3 11
1000 words
Number of nominalised mental | § 3 3 2 10 5 2 0 0 0 I
and verbal processes
Techrical terms |V v v v v v N v = N v
Cause and effect argument and | v/ v v v v
keeping reasoning in same
clause
Mention of agency avoided v v

The Scientific American article is shown by Table 4.6.6 to have a significantly Jarger

number of nominalisations than the other two popular texts, perhaps a reflection of the
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greater knowledge of science of the readership of Scientific American. The readers of the

Mail and Guardian and Time, by contrast, are not expected to be scientists.

Nominalisations function as technical terms and in efficieit argument in all of the texts in
the study. According to my analysis only Raup and Sepkoski, and Duff make significant

use of nominalisation to avoid mention of agency. Only the Scientific American article,

characterised in my analysis as a narrative of rival knowledge claims, has a significant

number of nominalised mental/verbal processes.

Embedding in the texts in the study

Table 4.6.7, which follows, shows that a number of functions are served by embedding in
the texts in the study. The function of increasing the level of specificity of what is said is
found in all the texts in the study. A second quite general function is that of packaging
central propositions into facts. These are often imported from other texts and are often
subjected to evaluative commentary sited in the ranking clause. This function is found in
Raup and Sepkoski, the three textbooks, and to a limited extent in two of the children’s
texts. [This is one of the ways that the children’s texts show similarities to textbooks.]
Related to this function are intertextual embedded clauses that are not facts, which are
also subjected to evaluative commentary sited in the ranking clause. Embedding serves

this function 1n Raup and Sepkoski, the three textbooks and Scientific American. In two

of the textbooks, Duff and McGhee, this intertextual material serves to increase the
abstraction of the texts. This is because information on a particular topic (evolution in

DufY and real world information in McGhee) 1s sited in embedded clauses so the text is

Table 4.6.7  Functions served by embedding in the different texts in this study.

Increases level of v
ecificity

v v v v v v

Propositions v
ackaged as facts

v v

Intertextual
information

Raup & | Duff | McGhee | Trefil & | Scientific | Time | Mail & | Children's
Sepkoski Hazen American Guardian | books

NEENERNERN

v

v J v
Increases level of v
abstraction

embedded Evaluative v v
comment

Narrative detail v

Embedded questions ‘ v
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able to function on more than one level. Unusually in this selection of texts, evaluative

comment is sometimes sited in embedded clauses in Time and the Mail and Guardian.

Only in Time, the most narrative of all the texts in this study, is narrative detail
embedded. Embedded questions are a feature of the children’s texts only. Here I believe

they serve an affective role, functioning to engage the interest of the readers.

4.6.2.3 Passivisation

The passive is widely used only in the research article, Raup and Sepkoski, and in two of
the three textbooks, (in Duff, and in McGhee). Use of the passive is complex only in
Raup and Sepkoski. Here it serves the four functions of (1) showing politeness/deference
1o the reader, (2) implying that certain ideas are widely accepced by not attributing them
to a specific agent, (3) thematising Given information or (4) foregrounding the goal as
more central to meaning than the agent. It is the third and fourth functions that are central
in all the other texts. Texibooks and children’s books most often foreground the goal as
more central to meaning. The agent may be present or may be implied as the generic
‘scientists’. This is one way in which we can view the children’s books as early versions

of textbooks. In general the three popular science texts use passives only to thematise

Given information. In the Mail and Guardian passives are found almost exclusively in
embedded clauses.

4,6.2.4 Conjunctive relations

As indicated in Table 4.6.8 below, a number of differences in conjunctive relations are
apparent tn the texts in the study. These are: whether internal conjunctions are common
or not in the texts, how cause is realised in the texts, the use of adversative conjunctions,
and the time period referred to by the temporal conjunctions. The research articie, Raup
and Sepkoski is the only text in the study to use many internal conjunctions. I have
explained this in terms of the persuasive function of research articles and the authors’

subsequent need to direct the argument explicitly.

There 1s variation in how cause is realised, with the more ‘written’ texts — Raup and

Sepkoski, the three textbooks and the most serious of the three popular texts, the

Scientific American article — relying on identifying processes, and to a lesser extent
mental and verbal processes to realise cause. By contrast, the less serious popular texts,

the Time and Mail and Guardian articles realise cause mainly through mental processes.
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The texts for children are the only ones where cause is realised congruently. They alone

use causal conjunctions (and also mental processes) to realise cause.

Table 4.6.8: Kinds of conjunctions in the different texts in the study
Raup & Duff | McGhee | Trefil & | Scientific | Time | Mail & Children's books
Sepkoski Hazen American Guardian
Intemal Yes.
conjuactions | Function in
present? persuasion
How is cause | Cause realised in [dentifying and to a lesser extent | Cause realised though
realised? mental/verbal processes in mental conjunction
processes mental & a few
identifying
processes
Conditional | v v in v ll
conjunctions? | speculative -
section
Adversative | few A v v v v
conjunctions?
Temporal v/ narrative — relates to v relates to
conjunctions? present time time of
dinosaurs
Spatial v .[
conjunctions? | "

Considering that different explanations for the extinction of the dinosaurs are being
discussed in these texis, it is not surprising to find that adversative conjunctions are very
common in the texts. The only texts where this is not the case are Raup and Sepkoski and
the Time article. In Raup and Sepkoski, the authors avoid stressing differences. They do
this firstly for reasons of politeness, to avoid offending other researchers by openly
disagreeing with them, and secondly to increase their own credibility, by creating an
appearance of continuity with prcvious research. In the Time article different theones are
put forward but there is no attempt to argue between them or come to a conclusion about

which is correct, thus there are few adversative conjunctions.

The popular texts and texts for children use a lot of temporal conjunctions. However, in
the popular texts, which are narratives of when research has been conducted, the temporal
conjunctions refer to the present time By contrast, in the children’s texts, which are more
concerned with what happened sixty-five million years ago in the time of the dinosaurs,

temporal conjunctions point the reader to the time of the dinosaurs.
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4.6.2.5 Lexical density in the texts in the study

Halliday 1989:62) characterises written text as grammatically simple but lexically dense.
Lexical density is a measure of the lexical complexity of a text. A lexical item 1is
distinguished from a grammatical item which include determiners, pronouns,
prepositions, conjunctions and some adverbs and finite verbs (Halliday 1989: 61). It is
calculated by dividing the number of lexical items in a text by the number of ranking
clauses. Another measure of lexical density (Gerot 1995:75; Jenkins 1992) is calculated
by dividing the number of lexical items by the number of words in the text. The table
below indicates that the textbooks have a higher number of lexical items per clause than
any of the other genres, while, as expected, on average the children’s books have far
fewer. Interestingly the number of lexical items as a proportion of the total number of
words remains pretty constant across the texts in the study. This means that the textbooks

have the longest clauses, while the children’s books have the shortest clauses.

Tbale 4.6.9: Lexical density in the texts in the study.

| o Children’s books

® g g | | 5 g

afl — 8 =3l g5l o =B

55|23 |& 28|85 & |33|ruk aD DK Tre
Number of words 1n text 916 | 540 | 565 | 560 | 900 | 472 327 | 482 [ 155 | 418 | 448
Number of lexical ttems 543 [ 284 | 296 | 290 | 413 | 254 184 | 259 | 81 229 | 228
Number of clauses 70 27 27 34 41 32 26 33 17 50 48
Lexical tems/clause 78 (105110 (853|101 794 |78 |7.85|476 458 |4.75
Lexical temsfAotal words | 59 | 53 | .52 | .52 | 46 | .54 56 |.54 | 52 | .55 .51

4.6.2.6 Summary and overview of Mode in the texts in the study

Raup and Sepkoski and two of the popular texts, Scientific American and the Matil and

Guardian article, are the texts showing most evidence of having been organised with a
view to directing the readers’ interpretation, largely through use of marked theme and
conjunction. Raup and Sepkoski uses interpersonal, textual and B clauses as theme to

track the argument and make it clear and credible to the reader. Scientific American uses

textual themes, conjunctions of contrast and adjuncts as theme combined with
nominalised mental and verbal processes to signal the progression of a narrative of
research and guide the reader to view cone ‘side of the argument’ as more convincing. The

Mail and Guardian article uses theme to set up expectations which are then undercut and

‘disappointed’ by the use of adversative conjunctions. Besides this humorous device, the

Mail and Guardian also uses nominalisation (to omit agency that is then supplied in

brackets) and clausal ellipsis to serve its humorous ends.
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Duff, the exemplary textbook analysed, is interesting in that it uses theme and
conjunction to indicate past and present ‘opposing voices’ on the topic. However,
because ideas in textbooks are more important than who first put them forward, the

people behind the voices are generic, and are never made explicit.

The texts for children reflect their greater literalness and simplicity in being orgamsed
largely through hyperthemes (subheadings) and in the dearth of passivisation and
nominalisation, and cause realised conjunctively rather than in identifying proceses. The
amount of nominalisation and passivisation in the texts for children 1s comparable to the

amount in the textbook for non-science students.

4.6.3 Tenor in the texts in the study

This section compares the texts in the study in terms of Tenor, the interpersonal meanings
in a text. Contact (solidarity with the reader), Affect (positive or negative attitude to
readers and subject matter), Status (how the writer includes the reader), Hedging
(expressions of tentativeness), Evaluation and illustrations in the texts in the study are
considered. Once again, 1 consider illustrations under Tenor because although
tllustrations contnbute to ideational meaning and can even have a structuring role, they
make a major contribution to interpersonal meaning particularly in the texts for children

where they are most prominent.

4.6.3.1 Contact

Contact refers to solidarity of the writer with the reader (Gerot 1995:104). The table
below indicates that the first year and advanced textbooks show solidarity with readers in
ways that are similar to the research article (Raup and Sepkoski); in these three cases
solidarity with the reader is indicated by formality (impersonal tone, nominalisation,
technical language and passivisation). The advanced textbook also refers to research
articles as does Raup and Sepkoski. The difference between research article on the one
hand and these two textbooks on the other is that the research article shows more
solidarity politeness (reader-oriented hedges). These three texts are for researchers in the
field in the case of the research article and students who are being inducted into the field
in the case of the textbooks.



Table 4.6.10: Summary of contact n the texts in the study
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Rap  &|Duff  McChee | Trefil & Hazen | Scientific | Time Mal & | Children'’s
Sepkoski American Guordian | books
mpersonal | // W /
Nominaliation | V'V oW
Pgivigtin |V [V
Technical tems |V W / / Afow
Itertextual | Research | Popular | Research RAs, Interviews
eferences | aficles | science | aricles newspapers | Rds
book
Projected researchers | I year |advanced | Non-cience | Scientists in | educated Educated | Middle class
readers inthe field | geology | students students other fields | Non-scientist | Non-scientist | children
Scence ¢ studet
discourse
community
Solidarty ~with | Fomality, [writer | formalty | Low level of | Details of |Namative, | Iiformal | Reader
teaders Reader-  [nutiates | Cites  RAs, | nommalisation | statistics and | descriptive. | (clousal identified
orignted | reader into | detailed + passives | methods; | reader & wnter | ellipsis) [ with
hedges | debate No | discussion of | techmical terms; | details  of | identified. | humor (lexis); | scientists
mterest in | gvidence; No |Inferest  in|argument | Sclentits | reader & | Questions,
scientists | mteiest  m | scientists as | about ‘neeky’, witer exclamations
aspeople | scientists as | people fesearch | eccentric, have | sensible, | joking,
people religious scientists have | lustrated,
ahorty. | sillytheories | vivid
Joking tone. language,
namatve &
factual |
View of science | + t t t t U cientiss o[+ |
objective
palagontology

Is trivial
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In terms of solidarity of the writer with the rezder, the textbook for non-science students
(Trefil and Hazen) shows more similarities with the popular texts than with the other two
textbooks. They all have much less nominalisation, passivisation and use fewer technical
terms. Like the popular texts Trefil and Hazen treats scientists as personalities ("*a Nobel
laureate in physics). The popular texts (particularly the Time and the Mail and Guardian

articles) are joking in tone Being aimed at largely non-scientist audiences, they are the
only texts that distance reader and writer from scienttsts: Time irn a positive way and the

Mail and Guardian in a negative way. In terms of solidarity of the writer with the reader

the books for children zre very like the textbooks, but without the formality of
nominalisation, passivisation and a lot of technical terms. Like the textbooks they are
serious in tone and mostly factual information report in genre. Importantly, like the
textbooks, they identify the reader with scientists as a group. They show solidarity with
the child readers in a range of ways such as questions, exclamations, vivid language and

illustrations.

4.6.3.2 Affect

The research article, the three textbooks and the books for children all signal objectivity
through impersonality (and thus, given the cultural context, they signal high truth-value).
This 1s particularly the case in the research article and the textbooks for first year and
advanced geology students. These three texts achieve this impersonality through a high
level of passivisation and nominalization. The genre of the textbook and texts for children
Js information report: the writers are authoritatively offering information. The popular
articles by contrast are less impersonal and signal objectivity though more journalistic
means — 1.e. by conching the writer’s arguments as those ot other people (researchers in
the case of Scientific Americar. and Time articles and the reader/reasonable person in the
Mail and Guardian article).

Another signal of objectivity in the research article, textbooks and children’s books is the
paucity of attitudinal lexis. Only the popular articles have a fair amount of attitudinal
lexis, the most being found in of the Mail and Guardian article. The textbooks’ authors’
only attitudinal lexis is mildly to call the topic interesting, important and stimulating. The

popular texts however make it clear which theory they favour through atitudinal lexis

(particularly the Mail and Guardian article), giving greater voice/space to the theory they
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Tabled 6,11 Affect inthe texts in the study

Rap & |Duff McGhee | Trefil & | Scientific | Time Mail & Guardian | Children’s books
Sepkoskl Hazen | American
5 | Impersonality ~ achieved  through | Impersonal | Writer couches own arguments as | Writer  couches | lmpersonal tong
E pagsivisation & nominalisation, pauctty of | and factual | researchers arguments.  Namative | own  arguments
g huran participants form - reportimg on what happened. a5 reader’s.
'40? Humour on topic
. more NB than
3% bjectivity
i
Very  lifle| subject is | Subject | Subjeet |V I /W Amout  varies
[ Mostly subtle | stimulatng | iteresting | itereting | Witr clearly | vnter has enthusiasn | more - athtudial | beween texts Al
E Writers'  ideas & rejects i& lking for science; | lexis than any| e favour
g = plashle, important | penodicty | favours impact theory | other text Impact.
f g others’ ideas = |
2 inrefible
Based  on |objective | quantitative | Physical | Science is | Science 15 not boring | Palaeontology is | Not cut & dned -
o | gorous Theories | data evidence | controversial | or dead. It is dynamic  trvial various  theoris.
: o . . .
3 qutiatie & based. o enables | enables Good science | & controversial Sc1eqce bqsed on
g statistica quantitative | progress | progress |1 physical evidence
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Y Science is an futs | factual | & unbiased
5 unmarked explanation
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o | Postve. Scienids ae sncer and wel -intentioned. They | Postive. ~ Scientists: — meticulous, | Negative. Scientist
have their differences based on differences m |devoted  humorous, emotional, | Scientists  are [ collocate  with
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favour (Scientific American and Time articles) and overtly rejecting the theory they do
not favour (Scientific American article).

The textbooks and to an extent the children’s books are once again similar to the research
article in their attitudes to science and scientists. Science in these texts 15 based on
quantitative methods and is an unmarked activity. Being a scientist is an unmarked
occupation and there is no suggestion that scientists are other than sincere and well-
intentioned. They do have different theories and these are based on differences in
interpretation of data. This reflects the projected scientist readership of these texts. The

Scientific American article, also having a scientist readership, is very similar in its

attitudes to science and scientists, the only difference being that the controversy between

researchers is stressed, as it is in the other popular articles. The Time article portrays

science as fascinating while the Mail and Guardian article portrays it as trivial and
boring. These two texts have non-scientist readerships and portray scientists as ‘other’
from the reader and writer. For the wnter of the Time article, scientists are meticulous
and devoted but also eccentric and possessed of religious authonty. The Mail and
Guardian article is the only one negative towards science and scientists: scientists foist
implausible theories on the public and are subjective. Their differences are based on

unreasonable personal preferences.

4.6.3.3 Status

Status refers to how the writer includes the reader (Gerot 1995:104). In the research
article the reader represents the research community and is thus more powerful than the
writer. In the popular texts there is greater equality between the reader and writer
although it is important for the writer to cater to the needs and interests of the readers
who have economic power over the writer in that they can choose to buy the publication
or not. It is therefore important to inciude the readers and make them feel recognised. The
popular articles do this in a vartety of ways. These are: including the reader in fields

outside therr own field (all three popular texts) endorsing the values of quantitative

science (Scientific American), narrative form, enthusiasm for topic (Time) humour (Time
and Mail and Guardian) shared negative assessment of science (Mail and Guardian). In

the textbooks and books for children the writer is an authority supplying information,

while the reader is a relative novice.
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Table 4.6.12 Status in the texts in the study

How does the writer include the reader?

Raup and Sepkoski

Solidarity politeness to the reader; Reader (representing discourse community) is more
powerful than the writer. Writer includes reader by sticking to familiar form &
conventons of the discourse.

Duff Reader-writer relatdonship is authority and expert geologisUnovice geologist and
student. Inctudes reader by recommending popular sgurce in €nthusiastc terms.
McGhee Reader-writer relationship: authority and expert geologist/ student and possible future

geologist. Includes reader by treating them as those who already know about the topic.

Trefil and Hazen

Relarionship between writer and reader is authority and scientisv non-scientist student
evidenced in key terms in bold etc. Readers included by making scientists into
interesting personalities: some biographical information is included.

Scientific American

Reader-writer relationship: science journalistscientists outside the field under
discusston. Neither reader nor writer are expens in the field. Narrative includes reader.
The text is a means of inclusion of readers outside the {ield in the findings of the field.

Time

Reader-writer relationship: journalist/educated middle class readers. The reader is
included through narrative form, enthusiasm of writer for subject. and colour pictures.

Mai) and Guardian

Writer includes reader by assuming that reader and writer are of the same group and
scientists are treated flippantly. Writer uses hurmour and pictures (5 include reader and
assumes a shared nepative assessment of science and scientists.

Books for children

Writer is authority supplying information. Writers include reader by use of colourful
pictures. reference (o ‘we'. questions, using exclamations, and using narrative form.

4.6.3.4 Hedging
In Table 4.6.13 below I follow Hyland (1996¢) in his categorisation of hedges into:

a) Reader-oriented hedges, which hedge assertiveness and function to get acceptance of

b)

claims that are face-threatening because they contradict the claims of other
researchers (Myers 1989). Hyland (1996¢:446) claims that adherence to discourse
norms is also part of this “collegiate deference”.

Writer-oriented hedges hedge wnter commitment. “aim to shield the writer from the
consequences of opposition by limiting personal commitment” (Hyland 1996¢:443)
Accuracy-oriented hedges hedge propositional content and “involve the writer’s
desire to express propositions with greater precision...and appropriate caution”.
(Hyland 1996¢:440). They are of two types:

Attribute hedges: “‘enable writers to distinguish how far results approximate to an
idealised state, specifying more precisely the attributes of the phenomena described”
(Hyland 1996¢:440). Usually ‘degree of precision’ adverbs.

Reliability hedges: indicate the writer’s confidence in the truth of a proposition...
acknowledge subjective uncertainties...motjvated by the writer’s desire to explicitly
convey an assessment of propositional validity” Hyland (1996c:441).
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Table 4.6.13 Kinds of hedges in each text

Raup and Scpkoski Textbooks Popular journals Children’s 1cxts
2 C ] 5 «
g 2 3] g g = é 2 -g‘ 2
g 7|8 =s|2 |58 g . ‘EIERF
© O - = o = = o
£ |l8|e |3 E g |8 _si =g w8 54
Hedges 13|88 |8 Edls |38 38 & |za&2 &€
reader-oriented | 1 2 10 13 1 4 1
%% | 45% | 59% 11% 36% | 6%
writer-criented 2 2 4 6 6 20 8 1 17 3
9% 15% | 18% | 66% | 25% | 40% | 47% | 11% | 39% - 17%
Writer-c.iented/ 3 2
narrative form? 7% 12%
attribute 9 2 1 3 1 1 3
38% | 4% 11% | 7% 9% | 6% 38%
reliability 1 3 4 3 9 28 s 6 21 6 13 14 S
14% 18% | 33% | 38% | 56% | 29% | 67% | 48% | 5% | 2% [ 82% | 63%
? reliability/ ) 1 1
reader-onented |
7 reliability or 4 1
wTiter-oricnted 24% 6%
total 1 3 15 22 9 24 50 17 9 44 11 18 17 | 8

From Table 4.6.13 it can be concluded that, as Myers (1989) found, reader-oriented
hedges are very important in some sections of research articles. Writers of research
articles have to show deference to readers, as the readers represent the research
community. In particular, writers have to convince the editor and referees of the article
that they are not claiming too much. Myers (1989) shows how knowledge claims are cut

back by writers of research articles in response 10 comments by referees,

Textbooks are similar to children’s books in that reliability hedges, (which indicate the
writer’s confidence in the wuth of a proposition), are very common in these genres. ]
explain this i terms of the writers of these genres wishing to communicate to the readers
the best approximation to the truth available to them at the moment, including an accurate
measure of their uncertainty on the matter. Besides reliability hedges, writer-oriented
hedges are also important in textbooks. Two of the textbooks in the study (Duff and
Trefil and Hazen) ascribe ideas to generic scientists, a function of the fact that these
textbooks are summarising the field. The third textbook, McGhee, cites research articles,
presumably for the further reference of the readers who are students more advanced than
first year level. The popular articles also have many reliability and writer-oriented
hedges. They use writer-oriented hedges to shield themseives and their journal from

possible suggestions by readers that they are misrepresenting research etc. It is the
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researchers to whom id=as are aftributed that are responsible for what is said — not the
writer. They use reliability hedges to assess how likely what they are talking about —
other people’s research - is to be true. There appears to be no necessity to mitigate face
threatening acts to readers by use of reader-ortented hedges because the vast majority of
their readers are not in the field covered in the article and will not find their own research

and opinions con‘radicted there.

The above table shows that in popular journal articles both writer-oriented and reliability
hedges are important. Writers of popular journal articles do nmot have to defer to their
readers in the same way that writers of research articles do. Perhaps we could infer that
popular journal article writers have a more equal power relationship with their readership.
They use writer-ornented hedges to indicate their objectivity and their role in neutrally
reporting the ideas and utterances of others. They use reliability hedges to assess how

likely what they are talking about — other people’s research - is to be true.

4.6.3.5 Evaluation

Evaluation in the textbooks and children’s books apnears to be more overt than that in the
popular texts and the research article. In the textbooks and children’s books the source of
information is usually the writer or apparently the writer because the writer got the
information from unspecified research articles Thus the evaluation appears to come from
the writer. The writer of textbooks appears more Wwilling than in other genres to go on
record with his/her evaluations In a paradoxical way this gives their account an
appearance of greater honesty because they appear not to be hiding their opinion. By
contrast, the source of information in most clauses in the popular articles is other people,
whose voices are used by the writers to construct the writer’s argument. Thus evaluation
appears to come from the other voices. This device lends objectivity to the account. The
rescarch article by Raup and Sepkoski avoids negative evaluation firstly for purposes of
deference to the scientific community, and secondly out of a desire for their own

metheds, results and hypotheses to appear in as positive a light as possible.

Sequential negative and positive evaluations are used to structure popular science articies,
but not the textbooks, books for children, or the research article. The popular articles in
this study use a dialogic/debate structure in which a theory is sequentially positively and
negatively evaluated. On the one hand this is a function of the discussion genre employed

in many popular articles. In a discussion arguments for and against an issue are presented
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(Butt et al 1995:20). However merely labelling the genre as discussion, and defining what
a discussion is, does not explain why this genre is chosen in this context and what
purposes it serves. I suggest two possible purposes. Firstly, this structure functions in
indicating the controversial nature of what is discussed. Controversy and oppositions
appear to stimulate the interest of the reader. The second function is an appearance of
objectivity on the part of the writer, which is thus achieved differently from the way
objectivity is achieved in research articles and textbooks i.e. though impersonality. The
dialogic structure in popular articles allows voices external to the drticle to debate a topic,
indirectly presenting the writer’s own argument. The writer thus appears to be neutrally
reporting what others have said while actually 1t is the writer that chooses to report what
s/he agrees with and it is the writer that structures the article so that his/her own favoured

viewpoint 1s foregrounded and appears correct.

This dialogic structure — the sequential positive and negative evaluation of an idea — is
not a feature of the other genres in the study besides the popular texts. Although the
textbooks and books for children do have both positive and negative evaluation of a
particular theory, this is not a repeated series of positive and negative evaluations. Instead
the writer may distinguish two different theories and then give a clear indication of which
they consider to be more correct. The purpose of this in both these genres appears to be
efficient communication of information the wrtter considers to be factual. The genre here

1s information report.

In the extract of the research article examined in the study the authors make very few
negative evaluations of ideas they disagree with. In particular no negative evaluations are
made of their own methods or results. Because they aim to convince the readers, no
purpose would be served in such a negative evaluation. In their introduction Raup and
Sepkoski merely juxtapose the gradualism idea with their own favoured idea (periodic
catastrophism), without negatively evaluating it, presumably in politeness to supporters

of this viewpoint. This may include the majority of the readers/research community.

Raup and Sepkoski negatively evaluate research that they agree with, as not having been
rigorous enough in its methods (indicating the need for their own research). The genre of
the introduction i5 discussion, as is the genre of the implications section. In their
Implications section Raup and Sepkoski overtly negatively evaluate the option (earthly

cause of periodic extinction) that they do not favour. In this highly speculative section,
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for which they present no evidence, their negative evaluation of the option they do favour
(extraterrestrial cause of periodic extinction) is formulaic. From this limited analysis of a
single research article, it appears that negative evaluation is avoided for two reasons:
politeness to those they disagree with (in the Introduction and Implications sections, both
of which are in the Discussion gense), and the necessity to present their own ideas in as

positive a light as possible (in their Method, Results and Discussion sections).

4.6.3.6 IMustrations in the texts in the study
The illustrations in Raup and Sepkoski, Duff, McGhee and Scientific American all signal

themselves to be as objective as possible. Raup and Sepkoski has a graph, a highly
abstract objective form. Duff has a table, also highly abstract and objective. McGhee and
the Scientific American text have top-down, objective ‘God’s-eye view’ photographs All

the other texts have illustrations that still have high truth-value, but are less objective in
some way or other. Trefil and Hazen has a tavle similar to Duff, except that it is
illustrated with coloured drawings, so is less abstract. Lllustrations in the Time article
have high truth-value, being photographs for the most part, but these are not at all

aostract, being of people or recognisable landscapes. One of the two Mail and Guardian

illustrations is exaggerated, detracting from its truth-value. The books for children are the

least objective in that they are drawings, paintings as well as photographs.

Table 4 6.14 has been organised in terms of the extent to which the illustrations serve to
make the text more accessible to readers. As can be seen from the table, the Time article
1s unusual amongst the texts for adults in having a wide variety of illustrations and
photographs. In this text and in the four books for children, the illustrations are very
prominent and function to draw the reader into the text. They show solidarity with the
reader and cater to the reader’s need for a visual element in order to make the text more
accessible. For the same reason, the Mail and Guardian article has two large photographs
and the single geological time-scale in Trefil and Hazen is very illustrative, with pictures
of people and animals in the time-scale.

The books for children are more likely than the other texts to provide an imaginative
reconstruction. As has been mentioned above they are more grounded in the time of the
dinosaurs. For example, all four children’s books, and none of the other texts, depict the
actual instant of impact, all show dinosaurs; three depict the alternative theories in action

(rodents eating the eggs); one depicts the immediate aftermath of the impact.
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Table 4.6.14 What is illustrated in each text in the study

R &S | Duff | McGhee | Scientific | Trefil & | M & G | Time | Children’s books
American | Hazen AAD | DK | PLifc | TRex
Geological v v v
time scale
impact v v v v
Impact crater v v v v v
dinosaur v v v v v v
Comet /asteroid Vs 7
people v v v
survivors v v v
T graph Moon of Disgnm | rats | map: | Map: | Rats
Mars Ode ) & ras & | fossil. | +
fossit | ©885 | T, i
& pillar;
Quartz after-
| math
less attempl to make text accessible more attempt 10 make‘tcxl accessible
Verv high objectivity —p fairly high objectivity

The geological time-scale, is very differently depicted in Duff, Trefil and Hazen and
Time. In Duff far fewer allowances are made for readers than in the other two texts. The
table is highly abstract, not to scale, and contains no colour. In Trefil and Hazen the
reader is given an illustrative synopsis of the evolution of life from molecules to humans
as the pinnacle of evolution. The time-scate in the Time article is to scale, is a three-
dimentsional column, has illustrations of organisms that became extinct at the different

intervals and has a joke in the form of a tombstone and flowers for the extinct organisms.

In summary, as Table 4.6.14 reflects, the graph in the research article is a highly
objective and inaccessible form, followed by the table in Duff and the photographs in
MecGhee and Scientific American. By contrast the photographs in Time and Mail and

Guardian, and in particular the illustrations in the books for children function to show
solidariry with and make the text accessible to the reader.

4.6.3.7 Summary and overview of Tenor in the texts in the study

Comparison of the texts in the study in terms of Tenor proves to be most revealing. Much
depends on the projected {eadership of the different texts. The size of this readership is
rather small 1n the case of the research article, and extremely wide in the case of the Time
article, with the other texts in between these. Another parameter is whether reader and

writer are identified as scientists or at least as positive towards science and scientists. The
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readers of the research article, two of the textbooks, and the Scientific Amenican article

are identified as scientists; so, to an extent, are the child readers of the books of children.
In the case of the third textbook the writers but not the readers are scientists. The writers
and readers of the Time article and the Mail and Guardian article are not sctentists, but

only in the case of the Mail and Guardian article 1s the writer and assumed reader actually

hostile to science and scientists. Yet another parameter 1s the relative power of reader and
writer. In only one case — that of the research article - is the reader, as a representative of
the research community, assumed to be more powerful than the writer. The discussions in
the popular articles appear to assume an equal relationship between reader and writer,
while in the textbooks and books for children the writer is an expert offering information
1o relative neophytes. All these parameters are reflected in overt evaluation, attitudinal

lexis, hedging, and degree of impersonality

4.6.4 Summary and overview of register in the texts in the study

This summary of register across four genres demonstrates that there is no indication of a
cline of features 1 the four genres studied. Instead the genres fall into two groups with
the research articles, textbooks and books for children showing many similanties at the

level of register, and the popular science texts having greater differences from them.

This summary also indicates that there are fairly marked differences between texts within
a genre depending on the projected readership of the text. For example although there are
strong similarities between two of the textbooks, McGhee and Duff (both aimed at
geology students), these two texts display fewer similarities with the textbook for non-
science students, Trefil and Hazen. Similarly, although there are many similarities

between the Time and Scientific American articles (which both assume an audience

positive about science), the assumption of reader hostility to science of the Mail and

Guardian article makes for fewer similarities with the other two popular articles.

Nevertheless, despite within-genre differences, it is possible to make some
generalisations. There are great similarities at the level of register between the research
article and textbook genres. Besides interpersonal differences based on power relations
between readers and writers, differences between the two genres are largely at the level
of genre (context of culture) which 1 discuss below. There are also many similarities

between texts for children and textbooks, if we allow for the difference in age of the
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intended readers. Differences are at the level of tenor, with the books for children being
more eagaging and making greater attempt to include the readers in the text. The popular
science texts are distinctly different from the other three genres in two related ways. The
first is the large number of human participants in the popular texts and the lack of
features (such as passivisation) used in the other texts to achieve impersonality. Secondly,
the popular texts are structured through alternate positive and negative evaluation as
dialogues/debates, with the human participants, (the authorities on which the journalists
writers of the articles rely), being active in the dialogue. I give this greater attention in my
discussion of Ideology below.

4.6.5 Genre in the texts in the study

Genre is what Thompson (1996:36) calls ‘register plus purpose...what the interactants
are doing through language’. In each of the texts in this study, the organisation of the text
reflects the writer’s purpose and has been chosen to achieve that purpose. The research
article’s purpose is to get the writer’s knowledge claims recognised as fact. Textbooks
summarise the information that has been endorsed as fact by the research community, for
the purpose of instructing neophyte scientists in these accepted facts. Two of the popular
articles in the study function to inform the reader while the other popular article’s main

aim 15 to amuse the reader. The texts for children aim both to amuse and inform.

All sections of research articles serve the purpose of getting readers to accept the
knowledge claims of the article. The Introduction situates the research within already
accepted previous work and tries to show how it is continuous with previous work. The
Method section shows how what the researchers did matches the requirements of
quantitative science. The Results try to convince the readers of the significance of the
research, while the Discussion tries to convince the readers of the explicatory power and

expectedness of the results.

To achieve the purpose of instructing new scientists, textbooks are structured as a range
of different factual genres, especially information report, explanation, procedure and

discussion. Genre 1s one important way that textbooks in this study differ from research
articles.
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In terms of genre, the taxts for children are surprisingly similar to the textbooks in spite
of the age difference of the projected readers. The texts for children in this study all fall
into the genre of information repont, although one of the texts for children rehearses the
information first in a narrative section. This suggests that this text views narrative as
likely to make the factual content of the text more accessible to the child reader. Some of
concessions madz by the other texts for children to the fact that their readers are children

are simple nominal groups, few identifying processes and many colourful illustrations.

The popular articles in the study fali into two different media genres: issues report and

opinion piece. The Scientific American and Time articles are issues reports on the latest

developments in science. Issues reports, White (1997-102) tells us, aim to inform the
reader on the discoveries of some authorised source such as ... a scientific researcher”.
To achieve this purpose, the writer structures his/her own argument as a discussion
between opposing opinions held by the authorised sources on the matter. The wrnter
attributes arguments, ideas and utterances to the many human participants and then uses
alternate positive and negative evaluation to construct the impression of a dialogue
between two sides of an argument. This gives the impression of objectivity, as the writer
appears merely to be reporting the ideas of various scientific authorties. The Mail and
Guardian article is an opinion piece in which the writer’s main aim is to amuse the reader
while also providing some information. To achieve his purpose of amusing the reader, the
writer uses informal language, clausal ellipsis, and thematic development that builds up
‘expectations’ In the reader and then ‘disappoints’ them. Finally, some of what is
amusing in this text is based on the writer’s assumption that the reader shares his cynical
attitude to scientists and dinosaurs. By stressing the unreliability of his own ‘authorised
sources’ tne author of the Mail and Guardian takes on himself the authority usually

afforded to a professional expert in journalisim, and thus jokingly undermines the
conventions of journalism.

4.6.6 ldeology in the texts in the study
In this section T synthestse the 1deologies about science evident in the texts in the study as
well as audience and power reiations. As regards the ideologies about science, 1 consider

first what constitutes a fact, then the ideology of objectivity, and, finally, some negative
ideologies about science reflected in two of the texts.
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4.6.6.1 What is a fact?

In Chapter 2 1 discussed Latour and Woolgar’s (1979) contention that a proposition put
forward in a research article becomes fact only once it is accepted by the research
community and is widely treated as a fact by being cited unproblematically in new
research articles. Following from this we can view a research article as a bid for a
proposition/ knowledge claim to be accepted as fact. Popular articles report on these bids
and on challenges to such bids. Textbooks gather together all propositions that have been
given the stamp of fact by being accepted by the research community.

Thus we can say that research articles, textbooks and popular journal articles have
different relationships with facts. If we regard facts as propositions that have been
accepted by the research community, textbooks deal almost entirely in facts. They
summarise non-new information that originates from research articles whose claims have
been accepted by the research community and thus have achieved the status of fact. By
contrast both research articles and popular articles put forward new information that has
not yet achieved the status of fact as it has not yet been accepted by the research
community. The research article writer’s motive is to get his/her knowledge claim
accepted, and the popular article writer’s purpose is to convey news of new research to
readers. But the attitude to this new information of the two genres differs. Research
articles present their new information as much as possibie as fact. They do this by
removal of people, by indicating how their knowledge claims are consistent with
propositions already accepted as fact (Introduction section), by showing how
meticulously the research was performed (Method) and by showing how reliable their
results are and how well they fit the theory (Discussion). By contrast, popular articles
have nothing to be gained from representing as fact propositions not yet accepted by the
research community. Instead the writer distances him/herself from these new propositions
by reponting that someone else has put forward the proposition. Thus they do not treat the

proposition as fact but rather as someone else’s claim.

4.6.6.2 How objectivity is established in the texts in the study

In science, as in many other fields, propositions become established as fact only if they
appear to be based on objective observation rather than the subjective desire for
something to be true. The means of establishing objectivity in research articles is through
making the text as impersonal as possible. As is universal in research articles, in the
Method and Discussion sections of Raup and Sepkoski the research is performed
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impersonally, with the researchers suppressed by nominalisation, and use of the passive
with omission of the agent. As Myers (1989) has shown, personal language admits that
what is said is subjective and limited to the writer. An example of such personal language
is found in Raup and Sepkoski’s speculative *®we favour extraterrestrial causes. There is
thus an attempt to remove ideas from person, time and place in order to establish them as
facts. Removal of people is not entirely possible in research articles as the work is

necessanly attached to the authors.

Textbooks in my study take removal of people even further than the research article.
There are close to as few human participants as in the research article, but in addition
almost all are generic. A high level of passivisation and nominalisation contribute to
impersonality of the text. In section 4.2 I argue that textbooks reify the fact. They contain
a summary of all facts that have been endorsed by the research community as fact. Myers
(1989) has pointed out that individual researchers are much less important than is the
community in research articles, and textbooks take this even further with individual
researchers much less important than their ideas. Individual researchers are almost
entirely suppressed, and their work achieves that seamless continuity with the work of
other researchers that the Introduction section of research articles strives for. However, in
the controversial area of the end-Cretaceous mass extinction, in spite of the generic
facelessness of human participants in textbooks, there is no indication that consensus has
been reached on the topic. This lack of consensus is clear even in the texts for children.
Thus where there is no consensus or broad endorsement of the facts, it is not the case that
science 1s represented as ‘established permanent fact’ (Lemke 1990). However, in my
experience, it 15 unusual that ideas that have not been broadly endorsed by the research
community should be included in textbooks. It may be the case that the large amount of
research that has been done on this topic over the last twenty-five years, and its high
profile in the popular press make it necessary to mention the topic in first year textbooks.
Alternatively, the mention in textbooks may be an indication of the increasing approach
to factual status of ‘the Alvarez hypothesis’ (an extraterrestrial cause for the end
Cretaceous mass extinction).

As in the textbooks people are generic in science books for children. In this way the

books for children also participate in the ideology of science as objective.
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The popular texts in the study establish objectivity not by removal of people, but by
peopling the text with many human participants — scientific authorities on what is being
discussed - and attributing what is said to them. The writer thus appears to be reporting
objectively the ideas and opinions of others, while in fact the writer is actually able to use
the words and ideas of others to construct his’her own argument. This is achieved in the
three texts in the study through alternate positive and negative evaluation strengthening
the impression of a dialogue. Thus there is the appearance of objectivity only. The Mail
and Guardian article, falling as it does into the opinion piece genre, 1s the only text in the
study in which amusing the reader is more important than objectivity. Because of this,
this text has a good deal of attitudinal lexis, which functions to portray dinosaurs as a
subject as boring and overworked and to display scientists as a subjective group who
have put forward many unbelievable theories merely because of their own ‘adividual

preferences.

4.6.6.3 Negative ideologies of science
In most of the texts in this study the writer is identified as a scientist. This is true of the
research article, and textbooks. It is implied of the writers of the texts for children. The

writer of the Scientific American article is likely to be a science journalist, not a

practising research scientist, but likely to have a very strong background in science. 1t is

only in the Time and Mail and Guardian articles that the writers distance themselves and

the readers from scientists, and of them only can we infer that they do not identify

themselves as scientists. Similarly, only in the Time and Mail and Guardian texts is the

projected reader a non-scientist. This is signalled fairly mildly in the Time article in the
characterisation of scientists as a group aparn from the group formed by writer and
readers. This scientist group has almost religious authority (9quest, *like a seer divining
entraiis, **Eyes tumed heavenward) on the one hand, but a certain ‘geekiness’ on the

other (Sscurry around in the unheated dome, *

Mintricate statistical gymnastics). The text
thus contributes to two powerful myths about scientists: science as authortative (Lemke
1990) and science as the province of ‘geeks’ — highly intelligent but eccentric. Both of

these myths serve to position science as outside the province of most readers.

The Mail and Guardian article goes further than this in positioning of scientists as
‘Other’. Academics and palaeontologists are treated flippantly in that they “naturally
prefer” a simple explanation, and even “insist there is only one explanation (namely their

own)” Some suspect that speculation on the fate of the dinosaurs is “'’another source of
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trivialisation of their subject” — as if there are many sources of trivialisation of

palaeontology; we are told what “!®*

most right-thinking palaeontologists” think — with the
implication that a number of palaeontologists can be dismissed as wrong-thinking. Their
theories are humorous: “hardly a week goes by’ without their coming up with new

[§

theories for 'Jzapping the dinosaurs” by ““death by volcanic eruption” etc. Scientists
have foisted these implausible theories on the public (*we, ®you). This indicates that the
writer subscribes to the ideology of scientists as unreliable, self-serving and subjective:
somewhat akin to the “Mr Hyde” figure. Dinosaurs are also very flippantly treated and
characterised as boring, indicating participation in the popular conception of science as

boring, which I contend must contribute to it being more difficult to learn.

4.6.6.4 Audience in the texts in the study

The function of a research article is to persuade readers to accept the knowledge claim of
the writers. To do so the research article must conform to the ideology of science to the
extent that it must be impersonal and must also show deference o the community. This
involves the writer in the difficulty of being impersonal while being persuasive (which is
usually achieved subjectively in most genres). The wrter uses solidarity politeness,
subtle attitudinal l2xis and non-lexical evaluation to achieve the persuasion. Textbooks by

contrast are not persuasive.

By contrast with research articles that persuade readers to accept their knowledge claims,
and textbooks that summarise knowledge claims that have been accepted, popular articles
function to tell readers the news about science. This news concerns new findings that do
not yet have acceptance by the research community and thus the sanction of fact

Evidential challenges 1o findings are also news, particularly in the Scientific American

article but also in Time. The Mail and Guardian article is also about challenges to

theories, and represents most scientists as guided by their own preferences with only

some being ‘right-thinking’.

Myers (1989) notes that research anticles have a dual audience of what he calls an
esoteric group (other researchers in the same field) and exoteric group (readers not active
in the discipline but who take an interest in the research). In chapter 2 I reported on
Garceés-Conejos’ and Sanchez-Macarro’s (1998) finding of an equivalent dual audience in
populanisations. They found that these writers still show deference to the esoteric

community (i.e. other researchers in the same field). However Garcés-Conejos and
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Sanchez-Macarro’s (1998) study examined long articles written by the onginal
researchers. In the news articles I analyse in this study by contrast I have found no
evidence of the kind of deference that would indicate that the writers are also addressing

the esoteric community (i.e. researchers in the field that is the subject of the article). The

Scientific American article for example twice charactenises Raup and Sepkoski as wrong.
In none of the popular articles is there any reader-oriented hedging indicating that the
writers do not anticipate that the readers will be ‘offended’ by what is satd by having

their own or their preferred ideas contradicted.

In textbooks there is also a dual audience: the academics who select the textbook to
prescribe for the course they teach as well as students who are the primary readers of the
text. In section 4.2 | argue that the academics appear not to be taken account of because
the writer projects a reader who is less powerful and less knowledgeable than him/herself.
Nevertheless, first year science textbooks are invariably far too long for all the matenal in
them to be the subject of a year-long course. This indicates that the writer is not only
writing for his’her own students and own course, but for the courses and students of other
academics in the hopes that they will prescribe the textbook because it contains all or

most of the matenal they intend to cover in their course.

The texts for children also project a dual readership: the child readers and those who buy
the books, either the parents who read the book to the child or encourage the child in
his/her reading, or the adults in schools and libraries who select the book. It is clear in at

least cne of the texts for children (DK Picturepedia) that the writers project the readers of

the texts as being middle class children with educated parents who read the book with the
children and encourage their interest in factual information. As in textbooks, sctentists are

the generic authority for what is said in books for children.

4.6.6.5 Power relations in the texts in the study

In chapter 4 ] distinguished the participants in science texts as reader, writer, and research
community, including those researchers involved in the research problem that the text
reports on and the wider scientific community. Writers of research articles are much less
powerful than the scientific community as a whole. They aim to gain the authority of
factual status for their propositions by gaining acceptance for these claims from that
section of the research community active in the field. To do this writers of research

articles must appear objective, and must show deference not only to the audience of
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researchers in the immediate field, but also to the wider audience of the scientific
community. Writers of textbooks by contrast are more powerful than readers are. In
summansing information currently endorsed as fact by the research community, they
‘speak for’ and have the authonty of the research community. Writers of science news
articles are journalists writing for one of two audiences. They can be writing for the wider
scientific community or they can be writing for non-scientists. In either case researchers
involved in the research problem are present ir the text as the authority on which the
writer draws. They are also the means by which the writer appears objective by quoting
an authoritative source (or preferably more than one authoritative source, giving ‘both
sides’ of the story), and thus appear to be merely objectively reporting on the utterances

and ideas of others.

4.6.7 Summary

In this chapter 1 have characterised the genres in the study as falling into two main groups
in terms of register: on the one hand research article, textbooks and books for children,
and on the other hand popular science articles. The research articles and texts books are
characterised by language that is impersonal, highly nominalised, with a high level of
passivisation. The purpose of this language is to promote the impression of objectivity
and thus, in the ideology of science, high truth-value. The language of the books for
children is similarly impersonal (although with some inclusion of the child reader and
identification of the reader with scientists), but, corresponding to the youth of the reader
this impersonality is not achieved by passivisation and nominalisation. Popular science
articles, in contrast to the other three texts are not impersonal, and instead signal
objectivity through attributing ideas to the many human participants. They are simtlar tu
the research articles and popular articles in having a pretty high level of nominalisation
and nominal groups extended through embedding, but, having no necessity to remove

people, they have low levels of passivisation.

Although research articles are very similar to textbooks in terms of register, they are very
ditferent in terms of genre. Research articles invariably follow the Introduction-Method-
Results-Discussion structure, with characteristic variations between the register of these,
while textbooks and science books for children are generally made up of various factual
genres (in the Australian use of the term), such as information report, explanation,

procedure, etc. The popular a-ticles in the study fall into two genres — issues report (more
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common for popular science articles) and opinion piece. The issues report, like the
research article reports on new findings that do not yet have the status of fact in that they
are not yet accepted by the research community. The opinion piece differs from all other
texts in the study in that objectivity is less important than amusing the reader. It is
characterised by much more attitudinal lexis and overt evaluation than the other texts in
the study.

At the level of ideology differences between the genres are fairly marked. The research
article, which aims to get its propositions accepted by the powerful research community
(represented by the reader), shows deference to the reader by the use of reader-oriented
hedges In textbooks, 1 have argued that the writer, as summariser of facts endorsed by
the research community, is the representative of that powerful community, and the
reader, a relative newcomer, is in the less powerful position. Popular articles differ
ideologically depending on how the writer and reader view science and scientists. Of the
three texts in this study one, the Scientific American article is written by a scientist for
scientists in fields other than the topic of the article. A second, the Time article, is written
by a non-scientist for non-scientists who view science in a positive light, as progress, and
scientists as a group apart from the reader and writer. The writer of the third article, from

the Mail and Guardian, projects himself and the reader as non-scientists who are negative

about science viewing it as boring and cynjcal towards scientists viewing them as
motivated by selfish subjective aims. There is some evidence that the projected
readership of books for children in the study are middle class children. If this is true, and
if we accept the link that I have suggested between textbooks and books for children, it 1s
likely that this is another way that middle class children are advantaged in terms of
acquisition of school-based literacy (I1eath 1986).
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Chapter 5:
Pedagogical Applications of the Comparison of Scientific Genres

5.1 Iintroduction.
5.2 Textbooks and research articles as target forms for student writing.
5.2.1 Similarities and differences between research arlicies and textbooks in terms of
register and genre.
5.2.2 Student writing that approximates research articles and textbooks.
5.3 The use of popular science texts in the teaching of scientific writing.
5.3.1  Comparison between popular and academic texts.
5.3.2 Teaching scientific writing: Description of a scientific literacy course.
5.3.3 Use of popular texts in the teaching of scientific writing.
5.4 Popular science texts: insights for teaching science and for science textbooks.
55 Science texts for children as a preparation for reading textbooks.
5.5.1 Similarities between science books for children and textbooks.
5.5.2 Pedagogical implications.
5.6 Summary

5.1 Introduction

In chapter 4 1 reported on my intensive examination of exemplary science texts in four
genres: research article, textbook, popular science and science for children. I noted that
research articles and textbooks share a great deal at the levels of register and ideology,
while textbooks and science books for children show considerable similarity at the levels
of register, genre and ideology. Popular science texts, on the evidence of the data, show
considerable differences from the other three forms in terms of genre and in certain
respects in terms of register. Significant among the ideological differences between
popular science and academic genres (research articles and textbooks) is the fact that
popular articles present scientific findings as provisional rather than as established fact.

This chapter is a response to my third research question, namely:

What is the pedagogical relevance of an understanding of the register features and the
ideological assumptions of the four science genres analysed in chapter 4?

In this chapter I consider how teachers of scientific literacy could use popular texts and
popular genres (section 5.3) To place this in perspective and guard against making
recommendations that may, from a different perspective, be pedagogically
disadvantageous, 1 consider first the extent to which research article and textbook
literacies are target forms for tertiary and, to a lesser degree, secondary students (section
5.2). After briefly reminding the reader of the differences and similarities between
popular and academuic genres (section 5.3.1), 1 describe the academic writing course for
sclence students that I teach, and indicate how I use popular texts in this course (section

5.3.2). As I mentioned in chapter 1, my use of popular texts in the writing course 1 teach
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was one of the original motivations for my study. I then move on to consider the
advantages and disadvantages to students of using popular texts in learning scientific
literacy (Section 5.3.3). In section 5.4 1 consider the use of popular science texts by
teachers of science, and also reflect on whether importing aspects of popular writing into
textbooks is likely to have any value or not. Finally 1n section 5.5 I consider the extent to
which science texts for children are similar to textbooks, and may thus be a preparation
for using textbooks in later life.

5.2 Textbooks and research articles as target forms for student
writing.
Martin (1993:168) notes that textbooks are the main models of written science for schoo!
children. In this section I argue that, at the tertiary level, textbooks can be regarded as
models for some of the writing — 1n particular during exams and some assignments - that
undergraduate science students do. The research article, by contrast, cannot be regarded
as a model for lab reports, as in my experience undergraduate science students see very
few research articles. Much stress is however laid on lab reports in undergraduate
courses in the experimental sciences. As Braine (1989) found, 85% of the written tasks
assigned to undergraduate science students are lab reports. Because of the similarities
between lab reports and research articles, I argue below that the stress on lab reports
makes research articles a target form that academic staff would like science students to
acquire, and I provide evidence of the guidance given to students towards this form
below. To distinguish research articles and textbooks, which I argue are key literacies for
science students, I begin this account by summarising the similarities and differences

between these two forms in terms of register and genre.

5.2.1 Similarifies and differences between research articles and textbooks in
terms of register and genre.
In sections 4.1 and 4.2 I suggested that the register of textbooks is similar to that of the
research article. In what follows I briefly summarise first these similarities and then the
differences between the two genres. Both genres use high levels of nominalisation and
technical language, and both employ embedded clauses to extend the nominal group. The
research article and two of the textbooks studied employ twice as many relational
processes as material processes, and one textbook studied employs material processes to

express meanings to do with abstract ideas, which would congruently be expressed in
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relationa! processes. Another area of similarity between these two genres is the removal of
human participants and wide use of the passive voice, the ultimate function of this 1o both
genres being to establish that what is being said ts objective.

In terms of register a difference between the research article and textbook is found in one
aspect of the interpersonal metafunction: the reader of the textbook is assumed to be less
powerful than the writer, while in the case of the research article, the reader is assumed to be
more powerful. The writer of the textbook, | have argued, transmits the information
sanctioned as fact by the research community, and thus represents that powerful community.
Similarly, the readers of the research article are those who, as a group, have the power to
accept or not accept as fact the knowledge claims of the article, and thus they, as Myers
(1989) has argued, represent the powerfill research community. Thus the reader of the
research article and the writer of the texibook acquire *heir power from the same source:
both represent the research community. Another difference between textbooks and research
articles is that the research article must propose new information. The textbook by contrast
contains nothing new but summarises the received information that has been accepted as
fact by the research community. In doing so it reifies the fact, burtes the individual, and
completes the objectification of the fact by removing it not only from time and place (as in
the research article) but from the individual researcher as well. The appearance of

information in a textbock is its stamp of having become a fact.

Generically, research articles and textbooks are, of course, very different. Considering
genre in the sense of the New Rhetoric studies, it is clear that the common Introduction-

Method-Results-Discussion structure of the research article is very different from the

structure of the textbook. Counsidering genre in the sense of the Australian school, I

indicated in 4.1.5 that research articles contain discussion, recount and exposition, but

that these are likely to be associated with particular sections. By contrast, textbooks are

likely to contain a good deal of information report, explanation and procedure, and these
are not associated with particular generic sections but rather are used according to the

need of the writer and the subject under discussion.

5.2.2 Student writing that approximates research articles and textbooks
Having summarised the differences between research article and textbook in terms of

register and genre, 1 now consider the extent to which the writing of tertiary science
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students is expected to approximate to these two genres. In chapter 2 I argued that in one
important literacy event that science students participate in, namely, examinations, they
are expected to produce texts that have many similarities with the writing in textbooks.
Genres such as descriptive and explanatory essays, as well as short explanations of
phenomena and processes are expected of students. Features that examination answers
share with textbooks are that they are summaries of received knowledge, regarded by
writer and (ideally) by reader, as fact, and unlikely to be hedged to any marked extent.

Figure 5.1 is an example of an exam question in first year Chemistry at the University of
Natal in Durban;

Figure 5.1:  First year chemistry exam question

Describe the production of magnesium from seawater. Give the unbalanced equations
| and approximate conditions for the reactions that occur.

Figure 5.2 1s a student answer to the question, in the form of a procedure (Buft et al
1999:22), and as such, can be compared to similar information from a textbook. Such
information is provided in Figure 5.3, which is an extract from a first year textbook
(Chang 1998:143) containing the answer to the question. It too takes the form of a
procedure. It 1s interesting to note that both the student answer and textbook are very

Figure 5.2:  Student exam answer

'Magnesivwm oy found in seawaler dissoved ay MgCl,. *In order
extvoact the magnesivm from the seawater & needy to- be inv an
wsoluble form *Mg(OH), ix fairly insoluble: *To form the hydroside)

seauhelly are wied.

| CalO, (&) - CaO (&) + CO, ()
Seashelly Lime

Ca® () +HO -  CaloH), (s)
MgCl, + Ca(OH), — Mg(OH), () + Cacl,

| The iruoluble Mg{OH), iy filtered off. HCL iy used to- produce MgCl,

agan
Mg(OH), (&) + HCL (aq) - MgCl, (ag) + H.O
Ow evaporation solid MgCl, ix left. Thiy iy melted to- give magnesium
metal ond chlovine gay.
MgCl, — Mg (» + CL (¢
708° C
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factual, with little hedging or evaluation. This is reflected in the fact that the textbook
contains no hedging and the only evaluation is in the first two sentences: magnesium 1s
“valuable’, and the procedure used to recover it is ‘cheaper’ than other procedures. This
explicit valuation of ‘valuable’ metals that can be ‘cheaply’ recovered is what we might
have predicted of industrial chemistry, which aims to produce industnally useful and
commercially veluable substances at as low cost as possible. The student’s answer’s only
hedge is in sentence 3 where Mg(OH); is said to be ‘fairly’ insoluble. This is an attribute
hedge (which shows the correspondence of p to reality and involves a qualification of
predicate intensity. (Hyland 1996¢: 439))

Figure 5.3:  Extract ffom first year Chemistry textbook (Chang 1958)

'Magnesium is a valuable light-weight metal used as a structural material as well as in
alloys, in batteries and in chemical synthesis. *Although magnesium is plentiful in Earth’s
crust it is cheaper to ‘mine’ the metal from seawater. In the first stage of the recovery of
magnesium, limestone (CaCQs) is heated at high temperatures to produce quicklime, or
calcium oxide (CaQ):

CaCQO; (s) — Cal (s) + CO,{Qg)

When calcium oxide is treated with seawater, it forms calcium hydroxide [Ca(OH),],
which is slightly soluble and ionises to give Ca** and OH™ ions:

CaQ (s) + H,0 (I) -» Ca™ (aq) + 20H" (aq)

The surplus hydroxide ions cause the much less soluble magnesium hydroxide to
precipitate:

Mg* (aq) + 20H" (aq) - Mg(OH); (s)

The sclid magnesium hydroxide is filtered and reacted with hydrochloric acid to form
magnesium chloride MgCl, |
Mg(OH). (s) + 2HCI (aq) —» MgCl; (aq) + H:O (i)

After the water is evaporated, the solid magnesium chloride is melted in a steel cell. The
molten magensium chloride contains botn Mg?* and CI" ions. The half-reactions are

Mg?* + 2 = Mg

2CI" —=Cly, + 2e

The overall reaction is

MaClz (I -» Mg (l) + Clz (g)

This is how magnesium metal is produced. The chiorine gas can be converted to
hydrochloric acid and recycled through the process.

The textbook answer is longer than the student exam answer, and the first paragraph
contains more general information. This is in the form of relational processes:
'"Magnesizm is a valuable meral (identifying process)

*Magnesium is plentiful (attributive process)

21t i5 cheaper (attributive process)

However the textbook and student answer are very similar both in genre (both are

procedures), and in content. Figure 5.4 lists two questions from a first year Biology exam
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(University of Natal, Durban). These provide further evidence that textbooks in general

are a mede] for exam ‘essay’ answers.

Figure 5.4:  First year Biology exam guestions.

1. Describe in detail the structure and functions of bacterial flagella and pili.
2. Ongoing intracellular metabolism is absolutely dependant on the action of a broad
range of enzymes. Explain why this is so.

It is clear that the answer to question 1 in Figure 5.4 must take the form of an information
report, which chapter 4.2 suggests 15 a common genre in textbooks. Information reports
‘present factual information about a class of things usually by first classifying them and
then describing their characteristics® (Butt et al 1999:17). The answer to question 2 1n
Figure 5.4 is likely to be in the form of an explanation which explains ‘why things are as
they are’ (Butt et al 1999:17).

This very brief look at some exam questions in first year Chemistry and Biology indicates
that exam questions are designed to elicit answers from students which are modelled on
textbooks, and that the genre ‘science exam answers’ is likely to be closely similar to
genres found in textbooks. This suggestion is an area that would benefit from further
research, as it has tmplications for teaching of academic literacy to science students. As
indicated above, I turn my attention next to the extent to which research articles show

similarities with student lab reports.

As explained in section 2.4.3, Braine (1989) collected 61 assignments in ten science and
engineering courses and found that 52 (85%) of the tasks involved a report on a
‘specified participatory experience’. that is lab reports. 1 argued in chapter 2 that lab
reports are “‘proto-research articles”, as they have some of the same functions as research
articles. Like research articles, student lab reports are expected to place the work done in
the context of the literature, provide a full enough account of the method used, and
convince the reader (lecturer) that the work was carefully and accurately performed. Like
research articles, student lab reports are expected to indicate the extent to which the work
is continuous with accepted facts in the literature. It is in this point however that student
lab reports differ from research articles in that they are not expected to put forward any
new knowledge claims. Any deviations from accepted facts are assumed by both the
reader and the writer of student lab repoits to be the result of error or poor technique in

performing the method. As a result students often ‘fudge’ their resuits to make them
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coincide more closely with the ‘correct’ answer. Research articles, by contrast, must

advance new knowledge claims, and must convince the reader that their deviations from

Figure 5.5:  Lab report guidelines

Title: Standardisation of Hydrochloric Acid.
Introduction _
Write a few lines introducing the purpose of this experiment:-

Procedure
Write a few lines describing what you did

Results
(a) Preparation of the standard solution of sodium carbonate
Rough weight of bottie + sodium carbonate
Rough weight of bottle

Accurate weight of bottle + sodium carbonate
Accurate weight of bottie + residual Na,CO,

< 0 o aaa

Mass of sodium carbonate in 250 ml flask

(b) Motarity of standard solution of sodium carbonate =
(c) Titrations
1% titration 2™ titration 3" titration
Initial reading
Final reading

Titre

(d) Standardisation of the HCI

Average titre =

Eguation for the reaction is:

No of moles of sodium carbonate being titrated
No. of moles of HCl in the average titre

No. of moles of HCI in 1 litre

Molanty of the HCI

w i nu

Conclusion
| Write a couple of lines by way of conclusion:
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accepted facts in the literature are actually advances in knowledge and the discovery of

something new, rather than errors or the result of poor technique.

The worksheet above in Figure 5.5 provides guidance to first year Chemistry students on
how to write a lab report. [t was devised and used by a colleague at the beginning of the
academic year, which is when students first start doing lab reports. As we can see, it
follows the Introduction-Method-Results-Discussion format (cf section 2.7.2) of a

research article closely, but the Discussion section is severely abbreviated into a two-line
‘Conclusion’. This is perhaps because at the beginning of the first year Chemistry course,
one aim of practical work is to teach students to use equipment and master general lab
procedures. Figure 5.6 is an extract from my colleague’s instructions to his students on

how 10 do the practical, which he provided on a separate sheet:

Figure 5.6:  Extract from instructions on how to do Chermistry lab.

The aim of this experiment is to develop your manipulative skills with respect to accurate
weighing, quantitative transfers of liquids and solids, making dilutions and undenaking
titrations. These skills will be developed through an exercise to determine the strength of
a solution of hydrochloric acid by its reaction with anhydrous sodium carbonate.

An example of a student Binchemistry {ab report is found in pages 52-55 of the appendix.
This was written by a second year Biology student at the University of Natal. It was
judged by the staff member who marked the report (who assigned it a mark of 9.5/10) to

be a good report. This report clearly follows the Introduction-Method-Results-

Discussion format. Its discourse features correspond in some degree to those of a research
article, but some discourse features reflect the student/lecturer relationship between
writer and reader. The writer opens the account with an Introduction demonstrating
familiarity with relevant concepts and making reference to relevant literature, as
evidenced in the two foolnotes. The reference in the first line to “4 Russian Botanist,
Tswett ...” gives the impression of a student demonstrating to the lecturer that relevant
texts have been read; in my opinion such a formulation is more typical of a textbook. It is
unlikely 1 a research article as the writer of a research article, while providing
information possibly unknown to the section of the audience not active in the field, would
be more likery to show politeness to such readers by pretending that readers were aware

of Tswett, his country of origin, discipline and research.

The Method section of the report is of course framed in the passive voice: “The tap was

opened.. 20 lest tubes were numbered...More eluting buffer was added. > Like the
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Introduction, the Discussion has some of the definitcness of the textbook genre. An
example is the lack of modality in “/f is for this reason that the protein molecules in the
serum do not all pass through the column at the same rate.”” However, in the last three
paragraphs of the discussion, the writer does hedge statements such as “This could
account for the negafive values that were obiained.” Although all hedges used by this
student are content-related rather than reader-related (1.e. they function to indicate writer
uncertainty rather than deference to the reader), this tentativeness ts nevertheless
evidence of one of the ways that this student lab report reflects the discourse norms of

research articles.

The above discussion has provided some evidence that textbooks are the models for
writing that undergraduate science students are called upon to produce in exam essays
and “short exam answers”. If exam answers are indeed modelled on textbooks, it is
important not to remove or alter the textbook unless the intention is also to remove or
alter the exam answers that students are expected to produce. Research articles, by
contrast, are the target form of student lab reports. They correspond to research articles in

form as well as in some discourse features.

5.3 The use of popular science texts in the teaching of scientific
writing
As a teacher of scientific writing, I often provide my students with popular science
articles (such as the popular articles in pages 22-35 of the appendix) as sources of
information for what they write. One of my motivations in doing this research was to get
an nsight into the extert to which such a practice is justified either in terms of similarity
of genre or register between popular texts and academic texts or in terms of the value of
tdeological differences between popular and academic forms. Section 5.2 has suggested
that the factual genres found in textbooks are used as models for writing expected of
science students in exams and some assignments. Research articles are the target form
(although not the model) for laboratory reports produced by science students. However,
falling as they do into news genres, popular articles are not models for science students.
In this section ] consider whether popular genres have anything to offer science students
in terms of register or ideology. 1 do so by, in section 5.3.1, briefly comparing academic

and popular genres in terms of register and ideology. 1 then, in 5.3.2, describe the
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scientific writing course I teach, and in 5.3.3, discuss the use of popular articles in the

acquisition of scientific literacy, with specific reference to the course I teach.

5.3.1 Comparison between popula: and academic texts

To guide judgement concerning the value of using popular science texts in teaching either
science ot scientific literacy, this section will briefly compare popular and academic texts
at the levels of register and ideology. The purpose of academic and popular texts is
different. Research articles function to persuade readers of their knowledge claims
(Myers 1989), textbooks to summarise all knowledge that has currently been endorsed as
fact by the research community, while popular texts function as narratives of research,
reporting on new knowledge claims that have not yet been endorsed as fact by the
research community. As a result, academic texts focus on theories (research articles and
textbooks) and methods (research articles) while popular articles focus on people and
what they say and think.

In line with these different purposes, there are differences in the source of information in
these differenr genres. The source of information in popular articles is the human
participants in the article. The popular texts in this study are structured as ‘debates’
between contesting voices. Because of this ‘debate’ structure, evaluation of propositions
is sequentially positive and negative. Because the source of information ts the human
participants, the writer is not implicated in any evaluation. By contrast neither research
articles nor textbooks are structured as debates. The source of information in research
articles is mainly the writer. In order to maximise the chance of the research article being
convincing to the reader, evaluation is mnre likely to be positive than negative. Writers
evaluate negatively neither their own ideas nor the ideas of other researchers (which
could offend readers who disagree). In textbooks, the source of information 1s apparently
the writer (although in reality the writer is summarising information from unspecified
research articles). Textbook writers, perhaps because they represent the powerful research
community, are more overt in their evaluation of ideas than are writers of research
articles.

As this implies, attitude towards human participants in the texts 1s in fact a very
prominent difference between popular and academic science texts. This difference is

associated with different ways of establishing objectivity. Academic texts have far fewer
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human participants thin do popular texts. In this study the average number of human
participants per 1000 words is 26 in the popular texts, but only 13 in the textbooks. In the
popular texts human participants are far more likely to be specific (i.e. real scientists)
rather than generic, which is the norm in textbooks. The popular texts are also far more
likely to personalise human participants, for example by providing their first names and
affiliated iastitutions. This difference is one of the features leading to the impression that

two of the popular science texts in my study (the Scientific American and Time articles)

are narratives of knowledge claims (other features are the presence of many temporal
conjunctions referring to present time, and nominalised mentai and verbal processes).
This difference in the number of human participants can be tracea to the different ways
that objectivity is established in academic compared to popular texts. Academic texts
remove people (and thus the assoctations of subjectivity and emotion) while authors of
nopular texts achieve the impression of objectivity by attributing ideas and utterances to
the human partictpants. That this i1s an gppearance of objectivity only is supported in the
use of marked themes in the popular texts in my study, showing that the writer is
directing the interpretation of the text by the reader (cf section 4.6.2.1). Beceause
objectivity is not established in popular texts through removal of human participants,
passivisation and nominalisation are not employed in popular texts for the purpose of

avoiding mention of agency (cf. section 4.6.2.2).

The difference in approach to human participants between academic and popular texts is
accompanied by a number of interpersonal differences. In textbooks and research articles
solidarity with the reader is shown through formality (technical language, nominalisation,
pasivisation and impersonal tone, and in the case of research articles and one of the
textbouks in my study, by citation of references (cf. section 4.6.3.1). By contrast the
popuiai texts are more likely to show solidarity with the reader through treating the
scientist participants as personalities, by humour, and, if the readers are non-scientists, bv
distancing the reader and writer from scientists as a group. The textbooks and research
article signal cbjectivity through impersonality, achieved through nominalisation,
pasivisation and omissiun of agent. Popular texts by contrast achieve ubjectivity through
attribution of ideas and utterances to the human participants in the text.

Popular articles show greater variation than do academic texts in who the projected
readers are and the extent to which the readers are expected to be scientists or not or even

whether they are expected to be positive towards science or not.
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Power relations between reader and writer appear to be equal in the popular texts. Writers
of popular anticles make the reader feel recognised in a number of ways: by including the
reader in fields outside their own field, narrative form, enthusiasm for topic, humour and
endorsing the projected values of the reader (quantiiative scierce in the case of Scientific
American and a shared negative assessment of science in the case of the Mai! and
Guardian).

By contrast, power relations between reader and writer are unequal in research articles
and textbooks. Myers (1989) has characterised the reader of research articles as
representing the research community and as thus much more powerful than the writer.
Writers of research articles use solidarity politeness (reader-oriented nedges) to mitigate
FTAs to readers. By contrast, in textbooks, it is the writer who, in sumrmarising the ideas
of the research cominunity and ‘speaking for’ it, is more powerful than the reader is.
Concerns with readers’ ‘face’ (in having to accommodate new information that may
contradict readers’ previous explanations for phenomena) are therefore not, in my

experience, evident in textbooks.

The interpersonal differences between popular and academic genres outlined above
indicate that popular genres are not suitable as the major model of scientific writing for
science students. However, ideological differences between academic and popular texts
make popular texts a very valuable addition in the education of science students. The fact
that popular texts report on new findings, means that they afford a view of science at a
stage before 1t participates in the ideologies of science as authoritative and science as
difficult, both of which Lemke (1990) indicates make science difficult to leam. Popular
science reports on propositions before they are endorsed by the research community as
fact, i.e. before they become authortative. They also give voice to scientists other than
those of iconic status (the ‘great names’ of science, such as Einstein), who are the only
sctentists found in textbooks. I discuss this reflection of science as an activity accessible

to a wider group, rather than merely to the intelligent few in greater detail below.
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5.3.2 Teaching scientific writing: Description of a scientific literacy course
In this section I briefly describe the scientific writing course I teach at the University of
Natal in Durban and explain why I have used popular science texts as reading material in

this course. As part of this account I provide contextual information.

In the last twenty years the proportion of speakers of English as a second language
entering historically white South African umiversities has increased rapidly. At the
University of Natal in Durban, the number of African students, most of whom speak
English as a second language, increased from 8% in 1986 to 34% in 2000 (University of
Natal Pocket Statistics 2000). At the same time the number of courses in English as a
second language at South African upiversities has also increased In answer to the
perceived need to improve the proficiency in English of L2 students. The course I teach is
one such course, and 1t is aimed primarily at second language speakers of English who
are, in addition, in a 4-year BSc degree programme, having been admitted to the Science
Faculty with fewer than the required number of matriculation points (see Parkinson
2000b). Such students, admitted to tertiary study in an attempt to redress apartheid
injustices, are ‘under-prepared” for degree study to the extent that, having attended under-
resourced schools, which often have under-qualified teachers, they enter university
knowing less about science and maths than is usually considered necessary. They take a
reduced load of first year science courses (such as Chemistry and Mathematics) and get
about twice the normal load of tuition in the first year courses they do take to increase

their chances of success.

The course I teach, called Scientific Writing, aims to familiarise students with the factual
genres needed for science study, and to give them extensive practise in writing these
geares. The course is therefore content-based, the content often being drawn from the
other first level courses the students are taking or science topics at an equivalent level.
Examples of topics, together with the literacies (cf. section 2.2) I aim to teach in them are
found in the table below. The genres that are the focus of the course are the two 1
discussed in the previous section, namely, lab/research report and the essay (with stress
on the information report and explanation genres). In addition, the course gives students
opportunities to produce posters (these most commonly are in the form of lab/research
report) and oral presentations. Both of these are a feature of most disciplines in the
Faculty at second, third or honours level.
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Table 5.1: Examples of topics in Scientific Writing course (adapted from Parkinson
20002)
Topic Input Literacies Production
by students
Industrial | e Range of readings | Read scientific textbooks Poster
production from Chemistry 1 | Note-taking from written sources (information
of a range textbooks e.g | Integrate information from a number of | report
of extract in figure 5.3 sources genre)
substances, above Distinguish important from incidental | Oral
e.g  iron, information presentation
magnesium Present information orally and graphically
' as a poster
Waste o Popular and | Translate experience of an industnial | Flow
water textbook readings process into written form: flow diagram | diagram or
treatment e Visit to waste water Or essay essay
plant Anticipate visit by reading about process (procedure
o Slide presentation | Integrate experience of process, visit to | genre)
explaining  water labs, slide presentation etc. with written
treatment sources
e Visit water | Organise information into coherent form
treatment labs
Ozone hole | o Popular & textbook | Read and take notes from scientific texts Lab report
readings Take notzs from lecture (research
e real data ~ | Integrate information from written sources | article
measurements  of and lecture genre)
ozone in Antarctica | Analyse graphical data
and Durban Plan & and produce lab report genre
e lecture on ozone Use of sources. citing references etc.
Physics of | e Textbook, library | Draw links between concepts learnt in | Lab report
the books, lecture physics and the observed world on own
children’s notes, popular | Plan own investigation of mechanics of | collected
playground sources e.g. swing, roundabout data
eg. ale Visit to local | Collect data, and represent it in tables and | (research
swing  or playground graphically, and analyse data article
slide Explain anomalous findings genre)

Plan and revise own writing; Produce lab
report gemnre

As can be seen from Table 5.], an important element of the course is reading of texts

from which students can extract content knowledge. 1 use texts from textbooks in the

course, and in some cases am able to find research articles that are conceptually simple

enough for students. However, about half the reading I give to students in the course is

from popular science journals such as Scientific American, New Scientist, and

Technology Review. 1 have a number of reasons for this. Firstly, the content of popular
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science texts is simpler than that of academic texts, particularly research articles. Writers
of popular texts do not expect readers to be specialists and as a result they use fewer
technical terms and provide meanings of the technical terms they do use. An example is
the following from the extract in my study from Time magazine, where the writer does
not assume the readers know what iridium is:

The revolution began with an unassuming element known as iridium, a rare and
hard silvery-white metal related to platimem and gold.

The information in popularisations is also likely to be conceptually simpler and less
mathematically based. For example in the following extract from the Time article, the
writer glosses over the mathematics of what they are reporting on:

Through intricate statistical gymnastics, the two scientists found that ...

lilustrations in popularisations are less abstract and more likely to supplement
explanations in the text than are research articles where illustrations are more likely to
represent results, usually in highly abstract graphs, tables, or inscription records. This 1s
illustrated by comparing the illustrations in the Time article (mainly photographs: see
appendix page 27) with the graph in the research article in my study (appendix page 5).

5.3.3 Use of popular texts in the teaching of scientific writing

My particular interest in science popularisations stems from my use, as a teacher of
science writing, of popularisations. In the light of the research 1 have reported on up to
this point, T am now in a position to consider what the answers are to the following
questions. What insights can my findings in chapter 4 offer my own teaching practice and
that of other teachers of scientific writing? Do the differences between popular and

academic texts (interpersonal differences and differences in genre) make popular texts

unsuitable models for academic writing?

As section 5.2 indicates, on the evidence of student exam answers, student ab reports,
and guidance about writing lab reports given to students, the target forms for students are
the textbook and the research article. This study has shown that popular articles have
significant differences from these academic genres at the interpersonal level, and that
they make scientists (the people who make findings) the focus rather than the findings
they make, which are the focus of textbooks and research articles. Popular articles should

therefore not form all or even most of the reading upon which a scientific writing course
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is based. Besides differences in genre, if students model their writing too closely on
popular texts there is a danger that they might:

e Focus too heavily on human participants

e Cite references in a popular rather than academic style

¢ Use the passive voice less frequently than it is used in academic texts

e Be somewhat more informal than is acceptable in academic writing

In my teaching 1 have found that students who are given popular articles as source
materials do model their academic writing on the popular texts in certain ways. The
second of the above features - citing references in a popular rather than academic style -
is most prominent. Examples of a popular style of attribution imported by first year
students into their academic writing are:

1. Paul R Epstein found thar drought increases stagnant pools and dams.

2. This was supported by an experiment by John B Calhoun in 1962.

3. Paul Rciter who is the chief entomologist at the US government’s lab in Puerto
Rico argues that climate has no effect on the spread of Malaria.

In these three examples the writers supply the first name, initial, and, in the case of
example 3, the institutional affiliation of the human participants. That is, the writers have
selected the popular rather than the academic way of citing their references. This practice
has certainly been imported from popular source articles. This, however, is in spite of the
dacademic way of citing references having been stressed in the course, and the students

having specifically been instructed to avoid the popular method of attributing ideas.

Examples 1-3 above may also be an indication that use of popular articles may encourage
student writers to people their texts with too many human participants. However, in
student writing I believe that attributing too much of what is said to source texts is more
hkely to be acceptable to lecturers than attributing too little. Also, although exam essay
writing is likely to be modelled on textbooks, in essays written as assignments, where
students are expected to find and read source matenal, it is likely that students are
expected to attribute much of what they say to source texts. Thus, in my opinion, large

numbers of attributions, perhaps resulting from the reading of popular texts, are unlikely
to be penalised by lecturers.



Pedagogical Applications 317

Popular texts as sovrces of information may also encourage informal language. An

example from a student essay 1s:
For starters there is no such thing as a perfect drug.

This example represents a level of informality likely to be considered inappropriate in
academic writing. This informality may have becen encouraged by using popular articles
as a source of information. Equally, however, it could have been imported from the
vrriter’s own informal/conversational style As the writer is a second language speaker of
English, s/he may view the phrase ‘for starfers’ as an equivalent of ‘for a start’, without

being aware of the difference in level of formality.

In these aspects, and particularly in the encouragement of a popular rather than academic
style of attributing references, popular texts can be said to represent poor models for
stadents. However, besides usually being easier in terms of content (as reflected in
chapter 4), and thus making for a suitable first reading/introduction to a topic, | believe

that popular texts may be valuable in other ways. I outline these in what follows.

Firstly, Lemke (1990:133) cnticises classroom science as overly tmpersonal. The large
number of human participants in popular texis may thus play a useful role for students in

making for more personal and ‘people-oriented’ stience.

A second point made by Lemke (1990:137) is his suggestion that classroom teaching
represents science as “‘established, permanent, incontrovertibie fact”. Popular texts are a
valuable addition to the teaching of scientific writing because they give readers an idea of
‘sclence in the making’ — what the concerns and issues were before this information was
established as fact. Popular articles deal with information that is contested, while
textbooks present information that is no longer contested. They are therefore able to
present it as if it is factual and permanent. Research articles, too, present information as
far as possible as if it were uncontested. They stress continuity with previous findings and
remove people from the account. Popular texts, because they report on findings that the
research community has not yet endorsed as fact, are distinct from research articles and
textbooks tn representing findings as provisional and even controversial, and thus provide
an insight into science as a social activity that is absent from the other genres. The Time

article and even more particularly the Scientific American article in my study indicate
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that research and scientific evidence do not automatically result in propositions being
accepted as fact. They also report on what kind of challenges may be made to scientific
evidence. Being exposed to some popular texts is thus likely to combat the ideology
pointed to by Lemkz (1990) of science as authoritative — something that cannot be
challenged and must be beli:aved because it has the stamp of science on it. The Mail and
Guardian article in this study represents scientists as not automatically objective, and as
motivated by the human and subjective wish to further their own careers. Popular articles
are also more likely than are textbooks and research articles to bring ethical concerns to

readers’ notice. Current examples of concern in journals such as Scientific American,

New Scientist and Technology Review are genetically modified plants, cloning, the

growth of technologies allowing widespread surveillance by authonties eic.

Figure 57.  Assignment asking students to write a newspaper article on a conference.

\ Oral presentations this semester are in the form of a ‘mini-conferance’ on Energy and
| Poliution. Everyone in the class wifl attend the mini-conference to present their own 10-
minute talk and to listen to the presentations of others. Part of the mark for this
assignment is based on the following newspaper report on the mini-conference:

Write a 300-400 word newspaper report on the conference. Two examples of news
reports on scientific conferences are provided. As these articles do, you should report on
some highlights or a particular theme of the conference, possibly discussing two or three
of the most interesting presentations, or the presentations with the most relevance to us
in South Africa. Alteratively your report can draw some overall conclusions on the topic
of the conference; support what you say by referring to individual presentations. You
may quote speakers if you wish. You should write the article as if it were going to be
published in Dome*, so write it with the readers of Dome in mind.

*the campus newspaper.

A third use for popular science texts is that if students can learn to distinguish some of
the characteristics of popular and academic science, this will give them a deeper
understanding of the register of academic genres (e.g. textbook). Lemke (1990)
recommends that science teachers should encourage students to translate back and forth
between formal science and explanations in colloguial language. Similarly, popular
science may well be of use to those learning the discourse of science for the reason that if
it is necessary to ‘translate’ from popular to academic registers, this makes students
distinguish the two. However, it needs to be made explicit to students that there is a
register difference, and what the features of popular and academic science are. By this
means, students’ knowledge of the academic register becomes deeper. I suggest that it is
also useful to students sometimes to be called upon to reformulate academic registers for

a popular audience. This gives students skills in communicating with non-scientists. An
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example of an assignment I give my students that requires them to do this is found in

Figure 5.7.

Students are asked to research a particular topic (for example ‘Energy from Wind’) and
present a 10-minute talk on this. They are encouraged to choose a particular focus of the
‘conference’ referred to in the assignment to report on in their newspaper article: for
example, renewable sources of energy. There is usually some discussion, in groups and as
a class, about the features of the exemplary articles. These include organisation of
information in news articles, the titles, how human participants in the articles are cited,
what the author’s attitude is to what s/he is reporting on and how this is communicated
etc.

To sum up, 1n this section | have suggested that although popular texts differ significantly
from academic texts at the level of register, tney do nevertheless make a valuable
addition to a scientific writing course for three reasons. Firstly, popular texts are
conceptually simpler than academic texts and thus make an appropriate first reading on a
topic. Secondly popular texts give students insight into the scientific process. This insight
includes the way that popular articles represent scientific findings as open to challenge
(contesting the 1deology of science as authontative), and as an ordinary activity available
to a group far wider than the ‘great men’ of science such as Newton (contesting the
ideology of science as too difficult for ordinary people). Finally, being called upon to
‘translate’ from popular to academic genres, and even, occasionally, to frame their
scientific ideas for a non-scientific audience is valuable to students in that it encourages a

deeper knowledge of academic scientific register.

S.4  Popular science texts: insights for teaching science and for science
textbooks

Chapter 2 of this thesis recounts Lemke’s (1990) suggestions of ways of ‘humanising’
science classroom discourse to make science easier to learn. In the light of this, what
insights can my study of popularisations and science texts for children offer for the
teaching of science? In what follows I restrict my remarks to the teaching of science at
secondary and tentiary level.



Pedagogical Applications 320

As mentioned in section 5.3 above, Lemke (1990:137) outlines two sets of beliefs that he
suggests make science difficult to learn. These are that science is authoritative, and that
science is difficult. Firstly, science is represented as authoritative in that facts are
characterised as divorced from dependence on theory, from people and from the origin of
facts in social activity. It is easy to see how this is related to how a proposition is
established as a fact in research science. Secondly, Lemke (1990:138) suggests that
science is represented as difficult and only available to the highly intelligent. He
maintains that, far from being in opposition to common sense, as it 1s commonly
represented, science is actually continuous with common sense. He suggests (1990:139)
that what makes science difficult in reality is that the ways in which it is presented, (for
example impersonally), are unfamiliar to most people. He maintains (1990:133) that
school science follows the rules indicated in Table 5.2, which follows. The table shows
which popular texts in this study violate these rules. If we accept Lemke’s suggestion that
these rules do indeed make science hard to learn, then access to popular texts may be of
use to students at both secondary and tertiary level.

Table 5.2 Rules of scientific language (Lemke 1990-133)

Rules of scientific language Texts in this thesis that violate
this rule

1. Be as verbally explicit and universal as possible

2. Avoid colloquia) forms of language Mail and Guardian article

3. Use technical terms in place of colloquial synonyms

4. Avoud personification and use of human attributes |

5. Avoid metaphoric and figurative language | Mail and Guardian article

6. Be serious and dignified. Avoid sensationalism Mail and Guardian article

7. Avoid personalities Time and Scientific American
articles

8. Avoid reference to fiction or fantasy Cartoon about the film Meteor*

9. (Use causal forms and) avoid narrative and dramatic | Time and Scientific _American

accounts articles. Tyrannosaurus rex

* This cartoon appeared in New Scientisi and is reproduced on page 56 of the appendix.

Lemke (1990:143) draws attention to the ahistorical representation of science in that
theories that have been superseded are ignored Yet it is difficult to suggest how to
counteract this as a problem. We would hardly want to include large numbers of theories
to which the research community does not subscribe. Because popular science articles
report on findings that are not yet endorsed by the research community, they present the
findings as provisional, as not yet ‘fact’. If teachers encourage their students to read
popular science texts this would be one way of communicating to students the social

nature of science, and for students to get an insight into ‘science in the making’. 1t would




Pedagogical Applications 321

give stuJents an insight into how facts are established through negotation and consensus,
rather than merely being uncovered by scientists in their pre-existing state. They would
also get an insight into the evidential basis upon which science is built. This would

challenge the ideology of science as authoritative.

Lemke (1990) suggests that learning science is made more difficult through the 1deology
of objectivity reflected in removal of people from scientific accounts. I have argued in
chapter 4 that within the context of research articles, the discourse features (e.g. removal
of people, nominalisation, passivisation) that reflect the ideology of objectivity are
pecessary for any writer who wants to have his/her knowledge claims accepted. This
makes them entirely functional within the social context of research science. This
ideology of objectivity reflects not only the belief system of science but also the context
of the western cultural valuation of emotion as the polar opposite of reason. We prove
that something is true, valid, credible, and thus a fact, partly by representing 1t as based
on reason, not on emotion. To do this we remove people from the account to make the

account universal.

Within the tertiary textbooks in this study (and indeed in all conventional textbooks)
removal of people serves a slightly different function. Here the facts are all-important.
Who thought of them first is unimportant. Lemke (1990) and others have argued that this
removal of people from school science is part of what makes it hard to learn. On the face
of it introducing more people into textbooks would appear to be a solution to this.
Popular science provides one possible way to do this. However 1 personally do not see
this as a solution for a number of reasons. Firstly, so many people are involved in
proposing scientific facts that this could result in the introduction of a boring and difficult
catalogue of names into textbooks. 1 do not see transforming science into history as
necessarily making science easier to learn. Secondly, attempts to select the most
prominent researchers to represent the people behind science risk the introduction of
‘great men in science’ which in my opinion can also be alienating to students, and feed
into the ideology of science as the preserve of the highly intelligent. It leaves the readers
outside of science, and construes scientists as ‘other’. An alternative means of
personalising science in school textbooks (and thereby engaging the reader’s interest)
would be to include more practical work in textbooks. If the reader actually conducts an

investigation her/himself, s/he becomes identified with science, and, I believe, this is far
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more likely to make science more accessible than including a history of science in

textbooks.

A third reason why I would not advise ‘humanising’ textbooks by introducing more
people into them in a way similar to popular science texts is the different role played by
human participants in popular texts compared to textbooks. My analysis in chapter 4
indicates that the introduction of large numbers of human participants into popular
science texts functions partly in the establishing of objectivity in a journalistic context,
and partly because who has proposed a new explanation/finding is what is news. To

import this practice into textbooks would not be functional.

A further reason against introducing popular forms into textbooks is that news genres
(such as those I have discussed in this thesis — the issues report and the opinion piece) are
less suitable for expressing scientific ideas and explanations than are the factual genres
commonly found in textbooks. However, it is likely that popular science texts that are not
news genres — for example long articles written by the researchers themselves — could
provide more useful models for engaging readers than the popular news genres in this

study. This Jong popular article is a genre that needs further study.

Finally, another argument against introducing popular science features into textbooks is
that textbook genres are a target form of the Jater years of high school just as textbook
geares and the research article are target forms of tertiary study. Replacing textbooks

genres with news genres would thus not be to the advantage of readers.

Although I regard the introduction of large numbers of human participants into textbooks
as infeasible for the above reasons, T suggest that current popular science texts could
usefully be provided as reading for secondary and tertiary students. Such texts could be
drawn from existing sources such as newspapers, news magazines and popular science
journals, or could be introduced into existing magazines for adolescents. Alternatively
popular scicnce magazines could be established for adolescents. Popular texts are peopled
with large numbers of scientists, very few of whom are ‘great men’, with the iconic status
of Einstein or Darwin, who will eventually be canonised in textbooks. If popular texts
were made more available to students, this would challenge the ideology of science as so

difficult that it is only available to the highly intelligent few.
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Lemke (1990:172) cheracterises the language of science as a register of English foreign

to most students. To enable students to learn this register he makes a number of

recommendations. My discussion below indicates the extent to which the inclusion of

popular science texts in science teaching would be of value in achieving these

recommendations

o

Science leachers should encourage their students to tramslate back and forth between
colloquial and scientific language.
I would regard this ability as essential to learning any specialised register, because

unless students can explain a scientific concept in their own everyday language, it is
doubtfu) that they really understand it. As I indicate in section 5.3 above, popular
science texts may be of value for the reason that they are somewhat more colloquial,

and provide a different view of science from that provided by academic texts.

Science teachers should use non-scientific forms such as narrative and drama.
Once again this assumes that certain forms, such as narrative and drama. are easier

for children than factual forms. Martin (1989), by contrast, suggests that factual forms
are not more difficult, merely less familiar than narrative. There 1s no evidence
whether factual forms are more difficult and if so whether this is because they are
inherently more difficult or merely less familiar. This is an area that needs further
research. If factual forms are harder (whether inherently so, or from lack of
familiarity), I would be inclined to provide morte practice in them rather than replace
them with other forms for the following reason. In calling scientific discourse a
‘foreign register’ Lemke (1990:172) makes the analogy with leaming a foreign
language. In this analogy non-scientific forms such as narrative and drama are the
student’s ‘own language’ while scientific forms are the ‘foreign language’ Learning
the ‘foreign’ scientific forms must of necessity involve practising these forms. A
teacher of for example, French, who spoke 1o his/her English-speaking pupils only in
the pupils’ English would not be expected 1o make much headway. 1 personally see
no harm tn including forms such as narrative and drama in science teaching so long as
they augment rather than replace the factual forms that are, as Martin (1993:167)
notes, the target forms in the later years of secondary school. He decries what he
reports as a trend in Australian school policy towards privileging non-scientific
written forms, (such as stones, plays, poems and cartoons), in the teaching of science.

He notes (1993:168) that the removal of traditional textbooks from Australian
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classrooms in the last 20 years has resulied in school children being exposed to very

few models of scientific writing.

Lemke (1990:172ff) makes the following three further suggestions, to which 1 respond

below:

3. Science teachers should make reference to actual scientific activities, disputes and
persons and provide personal anecdotes and historical examples aboui scientists.

4. Science leachers should describe science as a fallible fuman social activity (Lemke
1990:175).

5. Science teachers should devote class time 1o discussion of policy: questions (Lemke

1990.180).

These three suggestions are all intended to make science more accessible to learners
by representing it as a human activity and not as an unalterable body of pre-existing
fact. The suggestions are supported by research into the beliefs about science of
school children by Duveen et al (1993), Ryan and Aikenhead (1992) and Driver et al
(1994), mentioned in chapter 2. This research indicates that most children view
science as a series of discoveries of pre-existing facts that scientists have merely
‘discovered’. That is, as discussed in chapter 2, there is little recognition of facts as

socially constructed.

Because popular science texts do not view science as a set of hard facts endorsed by
the research community, they could play a very useful role in making science easier
to learn. Popular texts refer to contemporary scientific activities, disputes and people,
and have the advantage of being current news. Because popular science reports on

current controversies 1n science (e.g. the Scientific American and Time articles in my

study), it becomes clear that scientists are fallible, and, more importantly, students get
an insight into how a proposition becomes a fact. in terms of S above, popular science
is often concerned with the ethics of science, and with discussion of policies (e.g.

government policies oa pollution, wildlife, cloning, genetically modified food etc.)

In summary, in this section I have suggested that importing aspects of popular szjence -

such as greater numbers of human participants - into textbooks would be a disadvantage

to readers. My reasons for claiming this are firstly that this would alter the textbook,

which is a model for writing expected of secondary and tertiary students. Secondly, it

would introduce ‘great men’ into science, and ‘historify’ science without making it more
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engaging or easier to learn. Finally, because they focus on people rather than theones and
explanations, popular genres are less useful than factual textbook genres for expressing
scientific ideas. Instead 1 suggest that using current popular texts as well as textbooks
would contest the ideologies of science as authoritative because popular texts deal with
ideas not yet accepted by the discourse commumty which can therefore not be
represented as ‘“established, permanent, incontrovertible fact” (Lemke 1990:137).
Because popular texts are peopled with large numbers of human participants who are not
afforded iconic status, providing popular texts for secondary and tertiary students would

also contest the ideology of science as difficult.

5.5 Science texts for children as a preparation for reading textbooks.

The textbooks analysed in this study are university-level ones. They are thus intended for
a readership very different in age, background knowledge and reading purpose than the
books for children. Nevertheless, there are many similarities between the textbooks and
books for children (cf. Chapter 4.2 and 4.5). In what follows I compare (in section 5.5.1)
these two genres in terms of register, genre and ideology. 1 then, in 5.5.2, indicate the

pedagogical relevance of these similarities to science teaching

5.5.1 Similarities between science books for children and textbooks

A first similarity between science books for children and textbooks relates to genre. Like
textbooks, the books for children present themselves as reference works. They contain a
glossary and an index. Usually they start with a contents page with the ‘chapter’ headings
beneath a picture illustrating each ‘chapter’. The appendix includes examples of a
contents page (appendix page 38), glossary (appendix page 43), and index (appendix
page 42) from the books for children in my study.

Features such as the illustrated contents page make the book potemtially readable by
beginning readers. Although the four books for children in my study present themselves
as reference books for children from the very young to children of about 10 years old,
they are not dry or boring. Rather they are colourfully illustrated. Illustrations are

primary. This is particularly the case in DK _Picturepedia (see page 40 of the appendix)

where the blocks of text accompany the pictures rather than the other way around. As a
result, even a child who cannot read at all is able to enjoy the books. It is interesting to

note that, for example in the contents pages and in some cases in the text or ‘chapter’
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itself, pictures are a structuring device in these texts for children. The reader chooses

what part to read and in what order based partly on the illustrations.

DK _Picturepedia in particular is characterised by the editors as a kind of early

encyclopaedia and the first page of the book contains a ‘Note to Parents’ reproduced on
page 44 of the appendix of this thesis. In it the text explicitly points out (to the readers’
parents, and by extension those adults who buy the book for libraries) the reference
nature of the text. As discussed in section 4.5.5 this book is part of a senes designed to
initiate children into accessing factual information. The editors envisage the readers as
belonging to families who are likely to read the book with the child, and to enjoy and
value activities like posing questions and answering these by consulting factual reference
works. The assumption appears to be that they are leisured people, and the adult members
of the family are already familiar with the ‘look it up’ approach to reading books. In

short, the projected readers of the book are middle class children.

Another way that books for children are generically similar to textbooks is in the genres
used (here I use ‘genre’ in the sense in which it is used in Australian genre studies).
Textbooks are structured as a range of different factual genres, especially information
report, explanation, procedure and discussion. In terms of genre, the texts for children are
surprisingly similar to the textbooks in spite of the age difference of the projected
readers. The texts for children in this study all fall into the genre of information report,

although one of the texts for children rehearses the information first in a narrative section.
This suggests that this text views narrative as likely to make the factual content of the text
more accessible to the child reader.

At the level of register the similarities are also marked. Below I illustrate similerities in
terms of human participants, organisation of the message, and similarities in terms of
hedging and evaluation. The science texts for children in my data are, like textbooks, not
peopled by ‘personalities’, that 15 human participants that we get to know, or who are
allowed to ‘speak for themselves’. Instead, like textbooks, the human participants are

generic ‘scientists’ and ‘we’. Examples are:

Some scientists think that a giant meteorite ten kilometres wide fell from space
and hit our planet (from Al) about Dinosaurs)




Pedagogical Applications 327

With regard to the dinosaurs and the K/T bour.dary many palaeontologists would
mainain that these reptiles had been gradually dying out for some fime during
the Cretaceous (from Duff, the first year textbook).

This reference to generic scientists is in contrast td the popular articles for adults, where
there are plenty of specific human participants. These are treated as personalities: their

first names and affiliated research institutions are mentioned:

In 1979 Luis W. Alvarez, Walter Alvarez, Frank Asaro and Helen V Michel of
the University of California at Berkeley reported that a layer of clay deposited at
the end of the Cretaceous period (about 65 million years ago) contains
anomalously high levels of iridium. (from the Scientific Amenican article)

The Time magazine article in my study (for a wider, less scientific audience than the

Scientific American article) goes even further in humanising scientists:

Alvarez, his curiosity aroused, shipped samples of the sediment back 1o his father
Luis, a Nobei-prizewinning physicist at the University of California, who had
the clay analysed

The Time magazine article even speaks of scientists in semi-religious/mystical terms:

And the following day, at the nearby University of California campus in Berkeley,
Physicist Richard Muller, like a seer divining entrails, scrutinises the new batch
of video recordings from Lafayette... These quests are all par1 of the. ..

Thus science books for children, like textbooks, incline towards the ‘objective’ portrayal
of scientists, unlike the popularisations, which show the scientists as people with

families, and even as personalities with religious or mystical authonty.

In chapter 4 I characterise the books for children as textbooks for young children with
people (we and scientists) brought into the picture, as in the popular texts, to encourage
reader involvement. Like the textbooks, the books for children are not about scientists,
but rather about the facts of what happened. However two of the four texts for children

analysed in my study do include the reader in the text (namely All about Dinosaurs and

DK Picturepedia). This is one of the ways that books for children are more engaging of
the reader than textbooks. The number of human participants per 1000 words is similar in
the two genres. In the texts in my studv both genres have an average of 13 human
participants per 1000 words. It appears that, as in the textbooks, books for children
remove human participants because the facts and ideas are more important than the
people who first proposed them are.
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As expacted the books for children are the most literal and least abstract texts in the
study. In line with this there are fewer relational processes, particularly identifying
process (which congruently express abstract tdeas) in the books for children. On aveiage
55% of processes in books for children are material processes, compared with only 30%
in the textbooks in my study.

Focus in the books for children is on what happened to the dinosaurs during the

Cretaceous extinction (of particular importance in Tyrannosaurus rex) and the theories

that ‘we’ and scientists have about how it happened. What happened to the dinosaurs
during the Cretaceaous extinction is a minor focus in the simplest of the three textbooks,
Trefil and Hazen, the textbook for non-science students. In Line with this literal focus,
circumstances of time and place in the books for children refer to the time and place of
the dinosaurs rather than modern time and place as in the popular texts in my study. For

example the following circumstance is typical of circumstances in the books for children:

When dinosaurs became extinct at the end of the Cretaceous period, 65 million
years ago (from Prehistoric Life).

By contrast the following focus on recent time is typical of the popular texts.

The impetus o exiend the isolated event proposed by the Berkeley workers into a
cycle of catastrophes came in late 1983 (from the Scientific American article).

In terms of organising the message there are some similarities between the books for
children and textbooks. The two textbooks aimed at science students are very highly
nominalised (50 nominalisations per 1000 words on average) The number of
nominalisations in the third textbook in the study, the one aimed at non-science students,
1s much lower (7 per 1000 words), and is comparable to the number of nominalisations in

the texts for children (5 per 1000 words on average).

Another stmilarity in organisation is that central propositions are packaged into facts in
all three of the textbooks and in two of the four books for children in my study. These
propositions are often subjected to evaluative commentary sited in the ranking clause (in

bold below). Examples are:

We are not sure [[why this happened]]. (from All about Dinosaurs)
But no single theory can explain_{{whai really happened]]. (from DK Picturepedia)
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Another idea is [[that the weather got colder and the dinosaurs could not survive
through the icy winters]]. (from All about Dinosaurs).

But there is also evidence [[that a greal meteorite, measuring some 9.5 kilometres
across, struck the Earth i the time of the Cretaceous extinctions]]. (Prehistoric Life)
So it is maintained_that [[the Earth was hit by an extra-terrestrial body]]. (Duff, the
first year textbook)

Perhaps the most interesting and controversial proposal_made in palaeobiology in
the last decade is the proposal [[that the Late Cretaceous mass extinction was
triggered by the impact of a large asteroid]]. (McGhee, the textbook for graduate
stadents).

The fossil record shows, however, that [{not all extinctions are “normal.”]]. (Trefil
and Hazen, the textbook for non-scieace students).

Thus it eppears that [{the Earth was enveloped in a dust cloud, anomalously
enriched in iridium, al the end of the Creiaceous]]. (McGhee, the textbook for
graduate students).

Lastly, it should be noted that [[the climatic predictions of the impact hypothesis
are strongly model-dependant]]. McGhee, the textbook for graduate students)

The function of passivisation in the books for children is also similar to its function in the
textbooks in the study. Once again, although there is extensive use of the passive in the
two textbooks intended for science students, the amount of passivisation in the textbook
intended for non-science students (5.4 instances of the passive voice per 1000 words) is
comparable with the amount in the books for children (5.9 instances of the passive voice
per 1000 words). Textbooks and children’s books most often use the passive to
foreground the goal as more central than the agent to meaning. The agent may be present

or may be implied as the generic ‘scientists’.

A look at the illustrations of the different types of text is also very revealing. Here again
we find that there is a move towards objectivity in books for children and textbooks. In
the context of illustrations, objective implies illustrations that offer information to the
viewer 1 an apparently dispassionate way. By comparison, a picture of a person, who
looks at us and demands a social response from us would be a subjective picture (Kress
and van Leuwen 1996). An example from a highly objective text is the picture of the
Martian moon in McGhee (see appendix page 13). The top-down angle is the angle of
maximum power of the viewer, and is oriented towards ‘theoretical’ ‘god-like point of

view’ objective knowledge. In being a photograph this image has a high level of truth-

valu=.

This can be corapared with the bottom central picture from DK Picturepedia (page 40 in
the appendix). Although it is obviously not a photograph, it looks like one, giving it high
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truth-value. We, the viewers, are once again given the “god-like observer view” from

outside earth.

Another objective picture, classifying animals that became extinct or survived the

extinction is found in the top right of Prehistoric Lire (see page 46 in the appendix). The

animals are presented from side, and they are all the same size. This is a classificatory

picture, an offer of objective information to the viewer.

The number and highly coloured nature of illustrations in books for children is one
difference from textbooks, and represents one of the ways that books for children attempt
to make the content more accessible to readers, some of whom may be unable to read
text. Other concessions made by the texts for children to the fact that their readers are
children are simple nominal groups (cf section 4.5.2.2), few identifying processes (cf.

section 4.5.1.2) and in one of the texts, an initial narrative section (see appendix page 49).

In terms of solidarity of the writer with the reader, the books for children are very like the
textbooks, but without the formality of nominalisation, passivisation and a lot of technical
terms. Like the textbooks they are serious in tone and mostly factual information report in
genre. Importantly, like the textbooks, they identify the reader with scientists as a group.

Like the textbooks the books for children signal cbjectivity through beirg relatively
impersonal and having little attitudinal lexis. The textbooks and the children’s books are
once again similar in their attitudes to science and scieniists. Science in these texts is
based on quantitative methods and is an unmarked activity. Being a scientist is an
unmarked occupation and there is no suggestion that they are other than sincere and well-
intentioned As in the textbooks there is not distancing of reader and wnter from
soientists as a group. Power relations between reader and writer in books for children is

the same as in textbooks in that the writer is an expert supplying information while the

reader is a relative novice.

Textbooks are stmilar to books for children in that reliability hedges (which indicate the
writer’s confidence in the truth of a proposition) are very common in these genres. |
explain this in temms of the writers of these genres wishing to communicate to the readers
the best approximation to the truth available to them at the moment, including an accurate

measure of their uncertainty on the matter.
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Evaluation in the textbooks and books for children appears to be more overt than that in
the popular texts and the research article. In the textbooks and books for children the
source of information is usually the writer or apparently the writer, the source actually

being unspecified research articles. Thus the evaluation appears to come from the writer.

In summary, there are a number of features that indicate that science books for children
are more similar to textbooks than they are to other types of science writing. Firstly there
is the fact that science books for children view themselves as reference books in that they
have contents pages, glossaries and indexes. One of the books in my study (namely, DK

Picturepedia) also viewed itself as an early encyclopaedia.

Secondly, like textbooks, science books for children present themselves as objective in a
number of important ways. The human participants are generic “scientisis” or
“geologists”, not the real named people and personalities. This contrasts with popular
articles for adults where the human side of the scientists is stressed. They are named,
come from research institutions, even have fathers, and in some cases are treated as
having religious authority. The introduction of people into the account reduces the
apparent objectivity of the text. Textbooks and books for children, although they by no
means pretend to know everything, are more certain and more cut and dried in the way
they present information. They present information as what is accepted as fact at the
moment about this particular issue. Finally, the pictures in science books for children also
present themselves as fairly objective depictions compared to the pictures in the popular

articles I have looked at.

5.5.2 Pedagogical implications

An important implication of this study can be drawn from the inference that science
books for children are directed primarily at middle class children. That the publishers see
middle class parents as the buyers of science books for children has been argued above
(section 5.5.1) in connection with one of the four books for children. It 1s here that
primary schools have a role to play in making this sort of book accessible to young
children who are not from the kinds of families that are the target of the note in Figure
4.5.1. Primary school teachers are able to borrow relatively large numbers of library

books from public library, and teachers often use this facility to provide personal reading
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for their pupils on factual topics studied in science, geography, history etc. (personal
communication, Mrs Clow, grade 5 teacher, Manor Gardens Primary school, Durban).
However, in the South African situation, for well-known historical reasons, well-stocked
libraries are more likely to be situated in middle-class, mainly ‘white’ areas than in
working-class, mainly ‘black” areas. With the change in government in 1994, it can only
be hoped that this will gradually be changed.

Another important implication of my research is that in spite of the fact that science
books for children are factual genres and in spite of the fact that, like research articles and
textbooks, they also remove people from science, children like them. This may imply that
factual genres are not inherently more difficult to understand, and that science doesn’t
need to be personalised in order for children to learn it. Lemke (1990) and others have
suggested that to make science more accessible we need to include other genres such as
narrative, drama or poetry. The assumption is that these are easier than factual genres.
However this has not been preved. Instead, perhaps science books for children need to be
more widely available. Schools could play a much greater role in encouraging the reading
of factual texts not only as sources of information but also as reading books. In my
experience the reading books that children are given to learn to read are almost
exclusively narratives. Future study is needed into whether children actually do find
factual texts more difficult than narrative If they do find factual texts more difficult, is
the answer to remove factual texts? Should we instead provide more of them to school
children so that they can gain greater familiarity with them, making science and other

factual subjects such as History more accessible in the later years of school?

5.6 Summary

In this chapter I have argued that the textbook is a mode! for writing that science students
produce in exams, and that the research article is the target form for student laboratory
reports. Similarly, as Martin (1993:167) points out, textbooks are the main models of
written science for school children. As a result 1 have argued that popular writing should
not be imported into textbooks in the belief that this will humanise science and make it
easier to leamm. This study indicates that popular science is too different in genre and

focus from textbooks to serve as a model for student writing.
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Instead of importing popular writing, or aspects of it, into textbooks, I suggest that both
science teaching and teaching of scientific literacy would benefit from the use of popular
texts. The main benefit would be to expose students to a different ideological focus from
that found in textbooks and research articles. In textbooks the focus is on information
accepted as fact by the research community, and in research articles propositions are
treated as accepted fact as far as possible in order to achieve greatest credibility with
readers. To achieve their aims, both genres remove reference to the personal, making
science appear impersonal and thus objective. By contrast with these two genres, popular
science treats scientific findings as provisional, and gives a more personal view into the
construction of scientific facts through consemsus and negotiation. 1 suggest (a)
humanising school science by using practical work to bring the reader (rather than ‘great
men’) into the text, (b) I suggest introducing both school children and tertiary students to
a greater amount of popular science. This would give a greater impression of science as
an historical and social activity and alter the widespread idea of science as merely

uncovering pre-existing facts. It would thereby combat the ideclogy of science as
authoritative.

Further than this, 1 support Martin’s (1993:167) contention that it is not to the benefit of
primary school children to change textbooks so that they use non-factual genres, and thus
give the reader little experience of reading the kind of writing that they will be expected
to produce in secondary school. I support Martin’s (1989) claim that factual writing is not
intrinsically harder than narrative, but often less familiar. This is an area that calls for
more research. However Martin’s (1989) claim is supported by the large degree of
similarity in terms of register and genre between science books for children and
textbooks, even textbooks at an advanced level. 1 have suggested in this chapter that
science books for children are a valuable preparation for reading textbooks in later life,
and that South African primary schools could play a useful role in making these books

more available to pupils who may not have had access to them at home.
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CHAPTER 6: CONCLUSION

8.0 Introduction
6.1 Summary of the main findings of my research
6.1.1 Popular scientific genres compared to academic genres.
8.1.2 ldeological assumptions in scientific genres
6.1.2.1 What constitutes a fact?
6.1.2.2 How objectivity is established.
6.1.2.3 Power relations in the four genres
6.1.3 Pedagogical relevance of the research
6.2 Lirmitations of the study and suggestions for further research
6.3 Summary and conclusion

6.0 Introduction
In this chapter I provide a brief summary of the main findings of my research (section
6.1). 1 also consider the limitations of the study and suggest possibiiities for future

research (section 6.2),

6.1 Summary of the main findings of my research
As indicated in chapter 1 of this thesis, my research addresses three main questions.

These are:

1. What distinguishes popular scientific genres from academic ones, and how do they
relate fo each other?

2. How does register in representative texts from each genre illuminate the ideological
assumptions of each genre?

3. What is the pedagogical relevance of an understanding of questions 1 and 2 fo
science teaching?

I summarise my answers to each of these three questions in secttons 6.1.1, 6.1.2, and

6.1.3 respectively.

6.1.1 Popular scientific genres compared to academic genres.

My first research question considers what features distinguish popular scientific genres
from: academic ones. Chapter 4 (section 4.6) reports a number of important differences
between popular and academic genres at the level of register. It also notes great similarity
in terms of both register and genre between textbooks and science books for children
(sections 4.5 and 4.6).
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I compare popular and academic science genres in sections 4.3, 4.4, 4.6 and 5.3.1 of this
thesis. In summary, popular articles differ from academic genres in being peopled with
large numbers of human participants. Unlike research articles and textbooks that bury
human participants by use of passives and nominalisation, thereby creating the
impression of objectivity, popular science articles foreground scientists, and make the
account in*o a narrative of research. Because the scientists are the authorities/experts on
which the writer draws, stressing their involvement actually confers objectivity on the
writer rather than the converse. To emphasise writer objectivity, in the three popular texts
in this study, the writers use sequential positive and negative evaluation to structure the
text as a debate/dialogue between scientific experts who give opposing explanations.
Marked themes are one of the devices used to signal to the reader that one side of the
debate is more valid than the other, indicating the extent to which the objectivit;, of the
writer is appearance rather than reality. Further study is needed before it can be
concluded whether this dialogic structuring through sequential positive and negative

evatuation is a common structure in popular science texts.

Another difference between poputar science and academic texts is that acadeniic texts
avoir attitudinal lexis in order to increase the impression of objectivity. Popular texts on

the other hand are more likely to use attitudinal lexis.

Contrary to the findings repertzad by Fahnestock (1986), popular articles in this study are
relatively tentative and contain a lot of hedging. However this hedging is different in kind
from that in research articles. In my limited survey, popular science articles have as much
rehability hedging (which indicates the writer’s confidence in the truth of a proposition)
as resecrch articles do. They have more writer-oriented hedging (which ascribes an idea
and responsibility for the idea to a source). The biggest difference is that popular articles
have few reader-oriented hedges (hedge assertiveness and show deference to readers), the

most numerous kind of hedge in research articles.

In summary, this comparison of popular and academic genres indicates that the most
important difference between popular and academic science genres centres on the fact
that in popular texts objectivity is not achieved though removal of human participants,
Instead it is achieved through peopling the text with human participants who. being
experts, bear responsibility for what is said, rather than the writer bearing that

responsibility. Other features of popular articles also support this analysis. These include
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the preponderance of hedging that attributes what is said to experts, the structuring of the
text as a debate between experts, and the role played by the writer in judging the validity
of the sides of the debate through attitudinal lexis.

The last of the four genres in my study, science books for children, is another genre that
could be regarded as popular, as it is widely read by children, and, like popular science
articles, is read for enjoyment rather than for instrumental reasons. There is close
similarity between textbooks and children’s books. Like textbooks, books for children
present themselves as reference works, having a glossary, index, and contents page.
Science books for children also employ the same genres (e.g. information report) as
textbooks do. Like textbooks, books for children package central propositions into
embedded fact clauses. Like textbooks, books for children incline towards an ‘objective’
impersonal portrayal of scientists, being peopled with generic scientists only, as facts are
more important than the people who first proposed them are. Like textbooks, books for
children use the passive to foreground the goal as more central to meaning than the agent,
which may be present or may be implied as generic ‘scientists’. As T discuss in section
5.5.1, even the illustrations in bocks for children incline towards objectivity, ds the reader
often views the illustration from the ‘god-like’ observer viewpoint, and objective

classifying illustrations are common.

In terms of writer-solidarity with the reader the books for children are very like the
textbooks, but without the formality of nominalisation, passivisation or many technical
terms Like the textbooks they are serious in tone. Importantly, like the textbooks, they
identify the reader with scientists as a group. They show solidaritv with the child readers

in a range of ways such as questions, exclamations, vivid language and illustrations.

As might be expected considering that the textbooks in my study are mtended for adults,
there are a number of differences from books for children. Firstly, books for children are
more literal than textbooks, and this is reflected in the greater proportion of material
compared to relational processes in books for children. The textbooks also have a higher
number of lexical items per clause than any of the other genres, while, as expected, on
average the children’s books have fewer. This means that the textbooks have the longest
clauses, while the children’s books have the shortest clauses. As I already mentioned, the

books for children also have less nominalisation, passivisation and use fewer technical

terms.



Conclusion 337

In summary, there are great similarities between science books for children and
textbooks. Almost all the differences 1 note above reflect differences in the intended age
of the readers, the textbooks I studied being intended for adults. Further comparison of
science books for children with textbooks intended for children would be useful in

distinguishing these two genres.

6.1.2 Ideological assumptions in scientific genres

My second research question concerns how register in representative texts from each
genre illuminates the ideological assumptions of each genre. My discussion of ideology
in chapter 4 (cf. section 4.6.6) considers three aspects of this question. Firstly, t
considers what constitutes a fact in the four genres in my study. Secondly, it considers the
different ways in which the authors of these genres (research articles, textbooks and
popular articles) establish their own objectivity and the objectivity of the subject matter
under discussion (research article and textbooks). Thirdly, my discussion also builds on
Myers® (1989) findings concerning the power relations between research community,
reader, and writer of research articles, and extends Myers’ discussion to the power

refations in textbooks and popular science articles

6.1.2.1 What constitutes a fact?

Myers (1989) suggests that the purpose of research articles is to persuade the research
community to accept and endorse as fact the knowledge claim of the research. Latour and
Woolgar (1979:147) show that a proposition becomes a fact once members of the
research community begin to cite it without modality. They suggest (1979:175) that a
statement stabilises as a fact when it rids itself of determinants of time and place and all
reference to 1ts producers and the production process. In section 4.2.6 ] suggest that we
do see this separation of facts from their origins in research article to a limited extent
(limited because the necessity to cite references means that the producers of the fact and
the date of publication of the research are generally recoverable). However the process of
separation of facts from their origins i1s completed in textbooks. In general in textbooks,
reference 1s very seldom made to scientists (producers of facts), what reference there is
being almost exclusively to generic scientists. Textbooks summarise propositions that
have been endorsed as fact by the research community. Textbooks, I suggest in section

4.2.6, reify the fact, making facts rather than scientists central. These facts are non-
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modalised and removed not only from time, place and reference to the production
process, but also from their producers. The same point can be made about science books

for chtldren.

Popular science articles, like textbooks, use research articles as their source. However,
they report on the research at a different point in time compared to textbooks (cf. section
4.6.6). Textbooks wait until a proposition has been endorsed as fact by being accepted by
the research community before including that proposition. Popular articles, by contrast,
report on new research before the research community has had a chance to endorse or
reject it as fact. Thus popular science reports on propositions rather than facts. As a result
popular articles are couched in terms of modality, and the researchers, the producers of
the ‘fact’, are stressed, as they are the authorised sources from which the writer of the

popular articles draws credibility.

6.1.2.2 How objectivity is established.

As has been established (Latour and Woolgar 1979, Myers 1989), the authors of research
anticles and textbooks establish their objectivity by the removal of people from the
account. This extends the western cultural association of reference to the personal with
emotion, the polar opposite of reason and logic. A proposition that 1s associated with a
person 1s likely to be viewed as that person’s subjective opinion, possibly influenced by
that person’s emotions. If reference to people is removed, and the proposition is made
impersonal, this gives an impression of objectivity and thus greater truth-value. Myers
(1989) points out that personal language in research articles signals to the reader that the
writer does not have proof for what is said and is thus obliged to limit it to him/herself. In
section 4.2 | suggest that texthooks signal objectivity in the same way as research articles
do, removing people almost entirely, with occasional mention of generic scientists only.
Myers suggests that individual scientists are regarded as much less important than the
research community as a whole. The suppression of individual scientists in science
textbooks, to an even greater extent than in research articles, indicates that in textbooks
individual scientists are not only less important than the research community as a whole
(Myers 1989), but also less impostant than their own ideas In textbooks the ideas of
individual scientists achieve continuity with the ideas of others, becoming part of what is
regarded as truth in the discipline (cf. section 4.2.6). Science books for children are very
similar to textbooks in their suppression of individual in favour of generic scientists, and

in their presentation of facts as a seamless continuity (cf. section 4.5.6).



Conclusion 339

A very different way of establishing objectivity is employed in popular science asticles
(cf. section 4.3.6). This relates to the necessity in journalism to quote authomties. In
popular science articles, the scientists who have performed research are the authorities
that are quoted. By quoting an authority, the writer appears objective because they are not
giving their own subjective opinion, but rather the statements of a scientific authority.
Further than this, in the three popular articles in my study, the writers use alternate
positive and negative evaluation to structure the articles as a dialogue/debate. This
strengthens the impression of writer objectivity, because it appears that the writer 13

standing aside from the debate and merely reporting what is said by others.

6.1.2.3 Power relations in the four genres

In any text, either the reader or the writer may be the more powerful participant, or the
reader and writer may be more or less equivalent in power. In discussing such power
relations in the four genres in the study, I distinguish three kinds of participant in the text:
the research community (both those active and those not active in the particular problem
of the research), the reader and the writer of the text. In some genres the reader or the
writer may be identical with or represent the research community, while in others the
research community represents a third category of participant distinct from either reader

or writer.

In my study I have relied on Myers’ (1989) findings that in research articles both the
reader and writer are identified as members of the research community. As Myers (1989)
points out, the reader of a research article represents the research community and is thus
much more powerful than the writer. The wnter’s recognition of this is reflected in
deference, in the form of solidarity politeness, shown to the reader Myers (1989) found
that the writer takes account of those in the research community active in the present

research question and also those who merely show an interest in the results.

In textbooks and science books for children by contrast, the writer summarises the facts
that have been accepted by the research community. In doing so the writer ‘speaks for’,
has the authority of, and thus represents the research community. In representing the
research community, which, as Myers (1989) points out, is more powerful than individual

scientists, the writer is more powerful than the reader, here a newcomer to the discipline.
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Popular science articles assume an equal relationship between reader and writer. Both
are, tn varying extents, depending on the publication, projected as outside the research
community. They are, in particular, outside of that part of the research community active
in the immediate research problem, although in the case of popular sctence journals such

as Scientific American, the projected reader is part of the wider scientific research

community that takes an interest in the findings of other disciplines. Nevertheless, in
popular science both reader and writer are, to a certdin extent, uninvolved observers. That
part of the research community involved in the immediate research problem reported on
is, however, present in any popular article, although not as wnter or projected reader.
Instead, from this part of the research community are drawn the authorities, whose
utterances, ideas and findings are quoted by the writer. This could be said to place the
research community in a powerful position in a general sense, both adding to and
drawing on the authority of science discussed by Lemke (1990). However, it cannot be
sald that the individual scientists are invariably treated as being in a more powerful
position than both reader and wrnter in popular scientific texts. My analysis in sections
4.3.6 and 4.4.6 indicates that the writer of the article may make judgements about the
validity of the utterances, ideas and findings of the experts/authorities concerned. Such
judgements are often aftributed to other scientific authorities, stressing the objectivity of
the writer while still enabling him/her to make the judgements. An example from the

Scientific American article in my study is:

A reassessment of the fossil evidence now suggests the regular extinctions said (o
be the handiwork of Nemesis may never have taken place.

Antonm Hoffman of Columbia University contends that uncertainiies in fossil

daling and biases in Raup and Sepkoski's methodology cast doubt on their
resulls.

In fact the writer of the article may judge the scientific research community quite harshly,

as reflected in the following extract from the article from the Mail and Guardian analysed
in section 4.4 of my study:

Most right-thinking palaeontologists. .
Academics would naturally prefer that the explanation ..were simple. Indeed,
there are those who insist there is only one explanation (namely their own).

Thus although the scientific research community in general is viewed as a source of
authoritative information (i.e. powerful relative to the writer and reader), individual

scientists may be criticised and their findings judged negatively.
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6.1.3 Pedagogical relevance of the research

In chapter 5 I suggest three areas of pedagogical relevance of my research. Firstly in
section 5.2.2, 1 suggest that textbooks and research articles are target forms for university
students. As a result 1 suggest that any inclusion of popular features (such as more
reference to scientists in textbooks in order to ‘humanise’ them) would be ill-advised.
Instead, [ recommend greater use of popular texts both in teaching science at school and
unjversity level. My reasons for this recommendation are that popular science texts,
because they report on scientific findings at a point before they are endorsed a fact by the
research community, give an insight into the sociai construction of scientific knowledge.
I argue 1n section 5.3 1 that introduction of popular texts into school and university
science teaching would challenge the popular belief that science is authoritative (because,
in popular science texts, scientific ideas are represented as still open to debate). It would
also challenge the idea of science as difficult (because popular texts represent science as
the activity of many unknown scientists rather than few very well known people like
Einstein. By extension, science is not limited to the highly intelligent few, but availaole

to a wider range of people)

The second area of pedagogical relevance of my research refates to the teaching of
scientific writing, which 1 discuss in section 5.3.3. 1 suggest that in spite of register
differences between popular texts and academic texts popular texts are nevertheless
valuable In teaching scientific writing because they are conceptually stmpler than
academic texts. I argue also that asking students to ‘translate’ from popular to academic
genres, and also to frame their scientific ideas for a non-scientific audience enabics
students to distinguish the popular from the academic register and thus enccurages a

deeper knowledge of academic scientific register.

Finally, a third area of relevance relates to science in the early years of school. Because
of the many similarities between science books for children and textbooks, I have

suggested (in section 5.5.2) the value of a greater role for science books for children in

the early years of school.
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6.2 Limitations of my study and suggestions for further research

There are two broad areas of limitation in my study, and correspondingly, two areas that
would benefit from further research. The first relates to the science genres that have been
omitted from study in this research, and the second relates to questions of pedagogical

importance that I raised in chapter 5. T discuss each of these in tum in what follows.

The most important limitation on my research is the restricted range of popular science

genres it explores. Only two print media genres are explored: the issues report and the

opinion piece. Popular science genres are more diverse than this limited selection. In

popular science joumals, for example, there are at least three different sorts of text:

o The short news items (issues report) examined in this study (the Scientific American
article). .

e Long articles written by researchers popularising their own research.

e Long articles written by science journalists.

These are likely to differ in a oumber of ways. For example one difference found by
Garcés-Conejos and Sanchez-Macarro (1998) is that long popularisations written by the
original researchers take account of the two audiences mentioned by Myers in connection
with research articles. These are readers not active in the discipline but who take an
interest in the research (esoteric audience) as well as researchers in the discipline
(exoteric audience). By contrast, the news articles found in this study take account only
of readers not active in the discipline. Researchers active in the discipline appear in such
news articles only as the authoritative sources gquoted by the writer. It is also likely that

long articles are different in genre from short news articles.

Besides these different kinds of popular science articles in popular journals, newspapers
and newsmagazines, there are at least four other genres of science popularisations. These

include factual and narrative genres, both written and filmed:

1. Factual books
¢ Full-length books such as Stephen Hawking’s A Brief History of Time.
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2. Narrative books
o Written narratives about science and scientists. Examples are narratives about

monsters such as Frankensiein, Dr Jeckyll and Mr Hyde etc., and science fiction.

3. Documentary/factual films

s Filmed documentaries on Nature/wildlife (for example BBC Life on Larth). which
fitm and describe the behaviour and life of animals in the wild. The focus is largely
animals (usually mammals), although plants may be inctuded on occasion.

o Documentaries on technology (for example the Ausiralian Beyond 2000), which
describe innovations which are potentially usefu! in modern western society.

o Documentaries on conservation (for example the South African 50/50), which,
distinguishable from documentaries on Nature in that they focus on the interface
between development and technology on the one hand, and conservation on the other,
and describe the way that human communities impinge, usually negatively, on
animals (and plants).

o Factual television programmes explaining science to children (e.g. Bill Nye the
Science Guy)

4. Filmed Narrative

e Narrative film genres on the topic of science and scientists. Examples are disaster
films such as Meteor, Deep Impact, and Tornado and ‘monster’ films such as
Jurassic Park.

* Television dramas, for example about forensic scientists (e.g Quincy and CS/)

e Cartoon representations of scientists such as Pinkie and Brain.

o Television genres for adolescents (for example how is science represented in dramas
avbout teenagers in school?).

Thus an area for future research is analysis of some of these genres. Of particular interest
to me would be an examination of ideology in the filmed genres, which I speculate have a
wider audience than the wrirten genres. This would provide insight into public attitudes to
science and scientists, which I believe have a major impact on how accessible science is.
Representations in written and filmed narratives of science as boring (e.g. in teen
dramas), and of scientists as sinister (Mr Hyde), unfeeling (e.g. one of the forensic

scientists in CS/), or ‘nerdy’ (e.g. in teen drama) make science unatiractive. Such
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representations function similarly to the ideoclogies of science as difficult and
authoritative (Lemke 1990) in making science difficult to learn. Study of documentaries
and written and filmed narratives would, I believe, allow deeper understanding of

negative conceptions of science and could be useful in widening access to science.

With respect to science books for children, my study has focused on texts of the

information report genre (considered from the perspective of Australian genre studies).
This neglects exploration of other genres in science books for children such as procedure
(e.g. how to germinate bean seeds) and explanation (e.g. how a tap works). These are also
common in books for children, and would provide a fuller picture of the extent of
similarity between books for children and textbooks.

A second area for future research concerns two questions of pedagogical importance that
I raise in section 5.5.2. The first of these questions is that originally posed by Martin
(1989) of whether factual writing is actually inherently more difficult for children than
narrative, or whether it is experienced as more difficult because it is less familiar. This
might require ethnographic study of the literacy practices of individual families who
stress factual as well as narrative genres. Alternatively, study of the experiences of

children in schools that stress factual genres might be valuable.

A second question of pedagogical importance relates to my suggestion in section 5.2.2
that the major kinds of assessed writing that science students do — namely, exam answers
and lab reports - are similar to and modelled on textbooks and research articles
respectively. The similarity of these genres of student writing to textbooks and research
articles would benefit frem further research, as this has implications for the teaching of
academic literacy to science students. As my brief analysis of a biochemistry siudent lab
report in section 5.2.2 shows, there are differences in the discourse features of student lab
reports and research articles. These are based on the different purposes of these two
genres. The purpose of the research article is to gain recognition of a new knowledge
claim while the purpose of a student lab report is to demonstrate to the staff member
concerned that the laboratory work was carefully done, that reasonably accurate results
were obtained and that anomalous results are adequately explained. Thus the two genres
have different” readers, and only the research report is expected to report on new

information.
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In summary, areas mentioned in this thesis that would benefit from further research
include, firstly, a range of written and filmed genres of popular science. Secondly, a
pedagogically important question in need of further research includes the question of
whether factual writing is inherently more difficult than narrative. Finally, of pedagogical
relevance too is further study of the differences between student writing (exam answers

and lab reports) on the one hand, and textbooks and research articles on the other.

6.3 Summary and Conclusion

This thesis indicates the value of a study of popular science genres for an understanding
of popular conceptions of science. It demonstrates the relationship between research
articles and popular articles, with research articles being the source of information for
popular articles at a moment in time before the knowledge claims of the research article
are either accepted as fact or rejected. It notes therefore that one valuable function of
popular science articles is in affording readers a view of ‘science in the making’, rather
than science as incontrovertible fact. Also, because they are peopled with large numbers
of human participants, (almost entirely scientists who were not previously known to the
reader), popular science articles afford a view of science which is relatively widely
accessible in that it is available even to those who are not iconic figures like Einstein.
Thus popular science articles are of value in “humanising’ science. This thesis indicates
too that further study, particularly of filmed and narrative science genres, would deepen
our understanding of popular ideologies of science, particularly the little-studied
ideologjes of science as boring and scientists as sinister. Such studies might be of use in

widening access to science.
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Periodicity of extinctions in the geologic past

Abstraet. " The temporal disribution of the major extintions overthe past 250 millon
ears hasbee investigated stastically " using vrious forms of time series analysis
“The analysed record i based on variation in extinction intensity for fossil families of
marine vertebrates, invertebrates, and protozoans ®4nd cantains 12 extinction events
*The 12 eveotsshow a staistcaly ignficant erodiciy (P < 0.01) with a mean inerva
between eventsof 26 milion years. “Two of the vents coincide with extinctionsthe
flave previously been linked to meteonite impacts (terminal Cretaceous and Late Eocene)
*Although th causesofthe periodictyarc nknown, i is possible that hey are reated
{0 extraterrestrial forces (sofar, solar system, or ealaclic) ‘

“Virually ol speciesof animals and plams tha have eve lved are now extingy, *and
the known fossil record documents some 200,000 such extinctions. "It has been
oeneally assamed thal extinction is a contnuous process I the sense hat pecies are
aways 2 ik "and hat massextinction smply reflec elatvely shor-term icreases i
thatrisk. *Following this view, the exinction pocess is often described s  ime
omogeneous process using tandard birth-Geath models (1-3). "There s ncreasing
evidence, however, that many extinetions are actually short-lived eveats of special sires,
separated by periods of much Jower, or even negligible, nsk eEischer and Arthur (4)
departed from convention by arguing that "major extinction events of the past 250
milfion F;ea:s {ma) oecurred periodically at nezrli' constant intervals of 32 ma "{see also
{gf 5)."*Their tudy used a imited data base, "and no staitical tesing was done
“The purpose of tis paper, therefore, 5 10 est the proposition of periodicity n the
record of mavineextinctions e the past 250 ma (Late Permian o recent) “by using as
rigorous a methodology as present data permit

{paragraph 27)
Best fif eyele " Ihe results ofa finaltet af the extinction ecord are lstraed i
Fig 4. I figure represents a “composite cycle” constructed by averaging together 26-
ma segments of thetime series n Fig | "*To compute the camp&she. e ime s
was marked off 1 26-ma ntenvls in sucha way that the Cretaceous-Tertiary boundary
peak at 65 ma B ) was at te cnter ofoneiferval ™“The evintion dat i each '
iterval (interpoated 10 every Ima) were then rescaled "o that the mavimal value
was100%. ™ These values were collected with thei counterparts n ofher imtervals "and
avmgelssand dispersions were calculzted

This procedure was performed for a variety of interval lengths (i.¢. cycle
lengths)on either side of 26ma. ™The ilustrated composite cycle represeats  best-fi to
e data i he sese e he composte e s mavialampliude an minimal
disprsionabout the mefen values “Tests ofthe medians show highly significan
diferences: **a Fiedmann's est or point separated by 6 ma(the approcimate average
stage duration) results in an § value of 250 (P<0.05 with four degrees of freedom) ’

1 . .
"Other oyl engths give tes sgnificant reslts ™ and the composit curve deerorats

(L] \u'.l Acad. 61, USA
§1. pp. Sl-805, February I3
loa
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Periodicity of extinctions in the geologic past

(rvolution ime series, palrontolog |

Davio M. Raup axp J. Jon Sepkoskl, J&.

erarment of Geophywical Scieaces. Lasversly of Chicago, Chcago, 1L 0817

o mihuted by David M. Rap, October 11, [

ABSTRACT  The temperal distribotion of the major ¢x-
clions aver the past 230 aullin years has been Fnvestigated
sotistically using various forms of time serles analysis. The
analyed record s based o variaion n extincton inteastyfor
(ol famlies of marine vertcbrates, invertebrates, and prole-
soans and contains 12 extinction eveats, The |2 esents show 2
ctatstically significant periodicty (P < 0.01) with & mean in-
rorval between eveats of 26 million years. Two of the events
cofncide with extinctions thal have been previously linked to
meteorie impacts (erminal Cretaceous and Late Eocene. Al
though the cases of the periodicity are wnknow, it s possibe
that they are related o extraterresiialforces solar, ol sy
tem, or galactic).

Virtually 2lf species of animals and plants that have eves

of are now exinct, 20d the known fossil record docu-
ents some 200,000 <uch extinclions. It has been generall
ssétmed thal extinction s  continuous process in the semse
tha species are alwags at sk and that mass entnclions S~
ply reflect relatively shortterm increases in that risk Fol-
krwing this view, the extinclion provess is offen described
muthemanically as 2 ime homogeneaus process USng stag-
dard hirth-death mrodels 1131, Thete is increasing evidence.
owever, fhat many extingtions are actually shartfived
¢ ents of specialstress, separated by periads of much lower,
.. exen neglighle, nisk, Fisher and Arhur 14 depaned
[ram convertion by arguing 1hat the majer evtinction evels
of the pest 250 million years (maj occurred penodically &
neatly constant inervals of 32 ma (see also tel. 5. Their
quidy yeed 2 lmited data base. and no stanstical lesting was
done. The purpase of this paper. therefore, 1 10 lest the
propasition of penodicity n the record of marine extinclions
wier the past 250 ma (Late Permian to Recen) hy wsing &

sorous  methodology as present data permil

DATA BASE

The data for this study come from Sepkoski s comprbation 16)
of the tempore! ranges of =3,500 families of marme znmals
Ivenebrte. myertebraic, and protozoant but the subset of
data and method of expressing extinclion imtensaty differ
from oor presious analyses of these data (7. 81, Fur the pres-
4 stedy, 3 culled subet of the total sample was weed: af
1ufies with low-resclution ranges, ot known 10 the level
o the stratigraphic stage, were chminated, s were famibies
moted by Sephosht 61 as having questonable lavoqomic of
stratsgraphic designations. [maddiion, famlies sull ivng to-
ey were fgnored n order 0 void the damping ¢fiect of the
“Pull of the Regemt™ #4. This culling process reduced the
sumpl substantially (387 for the Late Permian Lo Recenl
bt 11 s doing removed much of the noise that charactenzes
i sets of this kind,

[he Late Permian 1o Recenr mterval amalyid n 1his study
oty several well-documented mass evinetions, has a

The ublcation s of i artchs were delraved i part B page charge
ravment. Thes article st Dherefiorc be herchy murked *wilternemen”
 acoveitance with 101 S € 47 solehy to bt i Tl

s}

comparatvely accurate fime scale, and i divided info rela-
tvely short siratigraphic siages. The merval comprises ¥
international stages ranging in age from 233 ma B.P. (hese of
the Dahulfian Stage of the Late Permian] 1o 113 ma B.P.
(1op of the Middle Miocene). using the Hartand Ume scale
{10), The meén duration of these 39 stages is 5.2 » 10 years,
which makes it impossible 10 resolve extinclion evenls sepa:
rated by less than about 12 % J0° years ithe Nyquist rate),
Although finer resolution 1 possible in some parts of the
pedlogic column and with some biologic groups. the resolu-
lion usedin the present study 1 the best that can be zchieved
for comprehensive nalyss im the presen sate of synoplx
WOTK.

{ne cn debate the quality of the sndividuad data The fame
1y ts & rather farge and arbitrary tevonomic unit znd a8 such
sends 1o damp variation af the speces kevel (111 evenif 997
of the members of 2 family become extinct at one ime. the
persistence of 2 sngle species will prevent that {amily from
reflecting the extinetion event. However, in spiie of th
prablem, patterns of famiial diversfication xnd extinction
do seem to comelate well with data for fossil species 1121,
aned the available data for families represent  far more ugj-
form and less hiased sampling of the fossil record than any
species-level dats et

Age designattons Inthe data set are also open 1o question.
especiall because geologic time scales aze continuily bemg
revised, A given fime scale represents a merger of achrono-
gragraphic sequence (based prmarily on fossils) and s
scattering of radiomstric dates (131, The present anilysis
uses the Harland and Odim time scales 110, 141, which have
some substantial differences, The Harland scale 1s quite sim-
il 10 that of Armsirong (151 and s nerly entical fo the
new 1me scale of the Geological Socieny of Amenga (161
Ths, the Harfand scale is probabiy the closest 1o a consen
sus. even though problems remam

MEASUREMENT OF EXTINCTION RATES

Many meincs have been used o express vamation in the i
temsity of extinction. Most commonly, the number of ¢xm-
lions tn an mierval of geolone me 15 dvaded by standing
drversity ttotel rana presentt and this n torm s divided by 1he
ectimated duration of the imferval o yoekd 2 normaitzed., per
capita rae of extincrion per million years In the prewenl
amalss. we have not normatized fot time becuuse of consid:
¢erable uncertainty i the durations of stages (for evample.
the comlation of post-Paeozoic slage durations between
the Harland and Odin tme scales 1s only D481 and because
of the growing suspicion. mentioned above. that extinelion s
ol & continuous process (see o re. 171 Furthermore. 1
shauld be noted that there is o statstial correlution be-
ween the raw exinclion daka and stage duration: for the
stages of the Phanerozoic used by Sephushi 16, numbers of
vinclions have  correlation of =006 with stage durations
in the Harland time scale. This is companible with the hy»
pothists that exinction 1 an epivodic prcess

Abbeesaton ma, milbon yeart
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info an imegular, non-unimodal corve (noise) “yshen the cycle departs substantaly from
the best-i cyele.

1 should be noted that the composie curve in Fig 4 nisesto a fauly sharp peak,

% hioh s compatible with (™ although does notprove) the propositon that mass
extinotions ae disereie events. I extnctions resulied from continuous fluctuations n
backgs 'ound ale, ™ rompnsite curve approaching a sine-cosine fction wou'd be
e\pukd *The curve in Fiy 4 may n fac replmnl arather consenvative Hlustration of
(he 2bruptness of the average extinction peak, ™ 'much of s beadth may resollfrom the
intrval nature of the data and the fat hat sampling error ¢. failure o locate  family's
precis interval of extincton) tends o smear the record of mass extinction backward in
time {20). ™ The slight asymemetry of the curve in Fig 4 is consistent with tis s
propusiion

pa.'agmph 34)
"}t periodiciy of etinctions in the geologlc past can be demonstrated, ey
implications are broad and fundamenta). A first question is whether we are secing the
\effects of a purely biological phenomenon or whether “nodl” extinction esulls from |
recurrent events of cycles i the physical environment * )1 the forcing agent is i the
hysical envimnmem *does this reflet a0 earthbound process of something in space”
1 e latter, are the extratemresrial influences solr, solarsyttcm, or galactic!
g Mtho»roh none f these aheraties can e ruled out now, ™ we avour exnateestra
causes for the teason that purely bivlogical or eannbound physical cycles seem
inereditle, whcreihecvc]esa:eo fved length ““and measuredonahmucah of
millions of vears. "By costras, asronomical and astrophysical eycles of his order are
plausible ‘”‘c\'er fhough candidates for te partcular cycle observed in the extinclion
data are few, ““One pos51b1h| isthe passage of our solar system through the spm] am
of(heMrlL Way Galaxy, muchnasbeenesnuuwou\mlonlheordm of 10 years
o). Shuunmfhasawu\dl"l) that " passage throvigh galactc arms should icrease
the comet flux " and s could mlltmmu the Alvarez hypothesis {22) provide an
explanation for the binlogical extinctions *Tuwo of the extinction events (Late
(‘ retaceous and Late Eccene) are associated ".11]1 evidence for meteorite tmpact (23, 24).
However much more information s needed " before definitve stetements about
cases can be made. " 1 may tuw o hatthe biologieal record i semsitive to periodic
phenomena tht ofher indicators have faied to recogaise

8 Evoltion, Raup ind Sephasks
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Fic. 4 Compasie bestfit curve for exknction imensity using 2
Mema cycle. The range betwege the 2¥1h and T5th percentikes of the
Bata 1 shown by the vertical lines

scale are highly sgnificant, This does not apply to the analy-
sts based an the Odin time scale: the £ < 0.05 poini 21 26 ma
i cormoborative but not significam.

The analysis just described lessens confidence m the scal:
tered indications of pertodicity owside fhe 25 to 27-ma
range in Table L The significant cycles at 19, 29, and 3
should be interpreed only as suggestions for future explora-
tiom when stronger data bases are available. The cycle at 30
ma may be real but cannal be confirmed with the present
time $Enes.

BestFit Cyele, The results of # final test of the extinction
tecord re illustrated in Fig, 4, This figure represens s

“composite cycle” constructed by averaging ogether J-ma
seaments of the time senesn Fig, 1, To compute the come
pasite. the time series was marked off 2t 26-ma ifervals i
such 2 way that the Cretaceous-Tertiary boundaty péak tal
i 8P| was at the center of one wnterval, The extinction
data in each mierval interpalated to every | ma were then
rescated so that the mavimal vale was 1005, These values
were collected with therr counterparts in olher miervalé 2
averages and dispersions wese calculited
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This procedure was perfuemed ur o varely of el
lesgthe fre . cucle length  on esther i of 20 mie: The ilius
trated compuosite eyl represents a best it o the datiem iy
senvt 1hat the composite peah by massmal wmplivde anl
minimat dispersion about (he median values, Testy of the
medians show highly significant differences: & Fricimann s
fest for paints sepurated hy & ma (1t approsimite averay,
stape duration] results 1m an § value of 250 1F < k0% il
four degrees of freedom, Other cyele Lengths pive less signid
jeinh fesults, and the compusite curve detenorates info i
mregular, non-ummoda! curve naiser whenthe cyele departs
substantially from the dest-f cycle.

i1 should be poted that the compostie curve n Fig. 4 tises
to g furly sharp peak. which is compaible wth talthough
does not prove) the projiosion il mass exiinchions ace dis
crete events, ifesinetions restlted from centimuous fucti,
lluns i backgcound rale. a composke curve approaching
une-cosine function wauld be expected. The curve in Fig. ¢
ey 1nfactrepresent a rather conserviative iustration of the
shruptness of e average extiaction peak much of 1y
bread(h may resul Tromt the 1merval mature of the data snd
the fact that sampling emor 1.¢. failure Yo locate & family's
precise smierval of extinction! teads 0 smear the record of
mass extingtion hackward tntime (201 The slight ssymmetin
of the curve in Fig. 415 consistent with this fast prispostiie

CONCLLSIONS

The tume series n Fig. 1 s the 26-ma cycle superimposed m
i best-{it positian. The deviations from this best-fit position
are Yisted in Table 2. The 26-ma cucle predicts 10 extinclion
events in the Permian-Miocene iterval, whereas the actuel
fime series contains 12 peaks. O the 12 peaks, the smalest
i the Early Triassic (Qfenekian: this peak reflects only o
manaid extinctions and may he spunlts. but it was inchi.
in the analysis for the sake of consistency. The poorest fit
are for 2 peaks in the Middle Jurassec and the one 1m the
Barly Crétaceaus. These three peabs are Jow and may mol &2
significamly hgher than the surounding background extine:
Tian.

It séems inescapiabie that the post-Late Permian extnclion
record contans a J-ma periodicity. assuming that the Hor
Tand time scale (with its Geologieal Socieny of Amenca ¢

Table 2. Compenson of geologs ages of ohserved exinction peaks and the predicied ages of 2 2
L5 2 3

mia chele n bestfil posibon

Harlend time scale

(Min Lme scake

Besk  Closest peak
oheerved,  predicled,

Pesk  Closest peah
fror,  obsenved,  predicled,  Emor

me B.P ma B.P m mafilP ma B.P. mz

Tetiary

Middle Miocene 113 i -1 i 94 +1b

Lale Eocene 3 ® -1 4 344 -14
(retaceous

Maesinchiizn 3] [ [ 3] 14 14

Cenomarizn 9 9 i 91 §74 £ih

Hautemvzn 1% 17 18 14 [134 =04
Jurassic

Tithomian 144 14 4] 13 1364 -9

Callovian 163 16 -4 18 [3e - Jod

Bajocian 1% 16 b 1M 1654 H46

Plenshachtén 1% 195 - b 194 -4
Triassic

Nonan N9 n -1 )] M -4

Olenekizn m K7 -4 9 Kix| -
Permizn

Dzhutfrn 4 )l vl W uy 414

Srandard deviaton of emors = 385 Standrd deviabon of ermors = S8

I —
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ot 1 i regsonable approximatton of reslily. This con-
Jusn 1§ beased primarily an the nomparamelnic et prege:
Jure described inhis paper, but 1he other. ess ngorous fests
gt largely confirmatory. espectally the best-it composite
cecle ot 26 ma Fig. 41 OF panicular imporance 18 the fuct
(ht e nonperamelric Les gives pproximately the same e
lts when applied independently to the two halves of the
ime senies. The Fourier and autocorrelation analyses yield
Jes reasonably clase 1o 26 ma. [n view of the vanous
o uces of distortion in these analyses, we do ot see these
dcrepancies as significant, is likely, however. that as the
quily of the time scaie and paleoniologicl data improve,
the length of the estimated cycle may shofl somewhat,

[t 15 possible that the uppearance of a bma cycle acually
cestlts from 2 longer ¢ycle of. say, §2 ma in combination
silh & seatterng of random events. This model has been
rested and found to be  weaker description of the data then
{he simple 26-ma cycle.

\lso, with more and better data. studies of periodicity can
o0 eviended 10 the Paleozoic. At present. he Sepkoski data
1 shows no evidence of Paleozoic periodicity that can sur-
jive the test procedures used here for the younger record.
This may well be due to the refatively weak state of the Pa-
ie010ic lime scale bul nothing can be said unequivocally
ihis time.

IMPLICATIONS

{ periodiciy of extinctions in the geologic past can be dem-
anstrated, the implications are broad and fundamental, A
firt question is whether we are seeing the effects o a purely
bialowical phenomenon or whether penodic extinction fe-
ufte from recurremt events of cyeles in the physical envirga-
ment. I the forcing agent &5 i the physical environment,
does this reflect an carthbound process or something in
space™ I the batrer, are the eviraterrestanal infldences solar
wiar system. or galactic® Abhyugh nong of these diesna-
Jos can be ruled our naw, we fvor exirerrestnal causes
for he reason that purely bidlogical or arthbound physical
gieles seem mcredible, where she evcles are of fived length
and measured o a time seale of tens of millons of vears. By
contras, stronomical and ustrophysical cycles of this onder
are plausible even though candidates for the purticular cycle
abserved in the etinetion data are few, One possibility is the
gussare of our wolar svatem through the spiml arms of the
VIky Way Galaxy, which has been estimated to oecur on

< order of 10 vears (20), Shaemakar has arpued (211 han
Passiage through geactic arms should ncrease the comet luy
and this could., following the Avarez Rypothesis (221, pro-
wide an explanation for the biological extinctions. Two of the
exnction cvents being considered here (Late Cretaceous
and Late Eocene) are associated wilh evdence for meteorite
mpact 123, 241, Howeser, much mare infosmation 1s needed
fefore definitive slatemenls uhour causes can be made. 1
ay e out thet the biolopical extimtion recard (s weastive
o periodic phenamena thal other indicators have failed 1o
ogaize,

The implications of periodictty for evolutionary biclagy
ate profound. The most vtvios 18 1hat the evolulionary sys-
lem s Aot "alone” in 1he sense that it is partially dependent
upon evternal ifluences more prafound than the local and
segional eniroamental changes mrmally considered. Much
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fias been wntten aboul the "boitlenecking™ effect of mas
extinction. With kil rates for species estimated 10 have heen
4 high 5 T77% and 967% for the largest extinetions (1, 25),
the biosphere 1s forced thraugh narrow boltlenecks and the
recovery from (hiese events is usually eccompanied by fun.
damental changes in biotic composiion 161, Withou! these
perturbations, the general course of macroevolution could
have bean very different.

We thani Enc W Holman. Rorald Thisted. and D. S, Sisherioff
for discussions of statistical procedures, This sesearch was support
ed by National Aeronautics and Space Administration Grant NAG
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e sraigaphic e of sl forpuposesofcomeatingrcksfom ane e 0tk
may proceed withoul any heoreical interpetalion of the nature of evoluion “But forthe
last o caturis the factors oonrolng bologica change have been the subjet of
dehate marke by a isinet ichtomy of views."Pehaps the simplest interpretation of
the extinction of funal and flora assemblages, and one favoured eay inthe nineleenth
century by French geologists n patiule, was tht of extinction by catastrophe Onthe
other hand, ith the emergence o evolution as adominating idea in biological change,
catastrophism was challenged by notons of gradualism. “Diverse forms were thought
o aise fom ancesiral slocks by gradual changes impased by physical conditions and
bilogialcompetion: “unsuecesfl loms died ut overvariale periods of time.
Wherever there were gaps in the fossl record with sudden changes infossi coment, i
was mintained thatthis was due eiter 10Tk of preservation orinadequale colleting o

both

"apasontologial researhes have proceeded with evr-ncreasing inensity hroughout
thiscentuy, “bat inspteofthese efors many of the gaps marking sudden extinctions
folowed by sudden increases i the rumber of forms (efered 0 s radiations) st
remai. *Thas the major boundaie inthe stratgraphiccolumn (see Tabe 7.1)have been
renforced e g the decline ofthe Cambrian faunas nd the Ordovician radiation; the
decimation of the Placoroic faunas and lvasat the end of he Pemianperod,
dinosaurs and other Mesozoic forms superceded by the mammalian faunasof the
Terary. Liked withmodem supprt o catastrophis i  ross which s ben
calld punctuated evohrion,Long peiods f e changein widespread forms re
ended by massextinctions "*and the vacated ecolgial iches e ten take over by
forms which bave diversified n relatively isolated areas

"N fuch attnron has been paid tothe Creaceous Tetary (K/T) boundary "Ma
number of paces throughout the world, including the ocens, where sedimentation was
coninuous through the boundery, examinarion of clays s shown some chemical and
mineralogical peculiarities 1 particular the boundary s marked by anesrichment in
e element, rdium.*“The significance ofthis anomaly le in the fact he this clement
i moreabundant inpanetsmals han nthe Eath S0 s matained thet the Eart
was hit by an extra-terrestral body. "o atastophic and climate effects being the
reason for much of contemporary i, for example erge foraminifea n he ocears, and
on land the dinosaurs, becoming extinet.“The opic i el hotly debated, ®itis pointed
out tha excessive voloanis, perbaps assiated withth cutpourings of the lvas ofhe
Deccan Traps n Indiaat that time, would have climatic effects to which some organisms
could not adapt "Some alacontoogists whileaccepingthe ety o ifrent rtes of
evolton would resst catastrophism and intantaneous extineions."“Wih regadto the
dinosaurs and the K/T boundary many would maintain "®hat these reptils had been
aadually dying out for some time during the Cretaceous. 0 the other hand the case for
massextinclions by caastrophc involving not the survivl of the fitest bt the surviva of
the Juckiest has been developed recently in & stimulating and provocative account
Wonderful Lif by the American Woker $.J. Gould.

The stratigraphic use of fossif for purposes o)
orrelating ocks from one area 1o another may
Pmed without any theoretica) tnterprelation of
ihe nature of evolution. Bul for (he las! two cenfu-
ries the factars controlling biolagical change have
peen the subiect of a debate marked by a distind
dichotomy of views Perhaps the simplest iner-
prefation of the extinction of faunal or forat
xcemblages, and one favoured early in the nine-
teenth cenfury by French geologists in particular,
v hat of extinction by catastrophe. On the other
hand, with the emergence of evolition 2  dom-
nating idea in biological change, calastrophism
was challenged by notions of graduahism. Diverse
forms were thought fo 2rise from ancestral shodks
by gradual changes impased by physical condi
fions and biological competrtion, unsoeessiul
forms died out oves variable periods of fime
Wherever there were gaps in the record wih
apparently sudden changes in fosul content, il
was maintained that this was due eilher to lack of
presevation ot inadequate colecting o7 beth

Pilseontological recearches have proceeded
wilh everdncreacing intencity throughout this
century, but in spite of these elforts many of the
gaps marking sudden extinctions followed by
eudden increases in (e number of forms (referred
w0 25 radiations] <ull reman. Thus the majer
noundanes 1n the straligraphic coiumn (see Table
71 hase been reinforced e, the decline of the
Cambrizn faunas and {he Ordovictan radiatian,
the decimation of the Palacozoic faunag and flores
4t the ¢nd of the Permian penod: dmosars and
other Me<azoic Jorms superceded by the mammi-
lian feumas of the Tertary, Linked with modern
suppart for catastrophism i 2 process which has
been called punchzted evolution. Long perods o
bile change in widespread forms ave ended by
mass extinclions and the vacaled ecologice! niches
tre then Laken over by forms which have divers:
Fred in relasively tsolated areas

Much siention has been paid 1o the Crete-
ceous/Tertuary (K/T) boundary. Al 2 number of
places theoughout the world, induding the
oceans, where sedimentafion Was continuous
through the boundary, examination of clays has
shown some chemical and mineralogical peccliar-
Hies. In particuar the boundary ts marked by an
enrichment in the element, iridium. The signifi-
cance of this anomaly les in the Jact that tis
elemen f¢ more abundant in plantismals and
astercids than in the Earth. S0 it is maintained
thatthe Easthwas hi by an xtra-tesestral body,
the catasrophic and cimatc effcts being the
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season for misch of contemporary life, fore ramiph

Large foramimifera in the acgans, and o lind Lhe
dinossurs, becoming extinct. The topic is still
hatly debated; if 15 pomted cuf thal exssive
yekcanism, perhaps associated with (he Outpour-
ing of the laeas of the Dectan Traps m India al that
fime, would have climati elfects fo which some
organisms could not adapt. Same palzeoniologists
while accepting the sealty of diflerent rates of
evolution would resist catastrophism and ingian-
taneots exinctians. With regard to the dinosaors
and the K/T boundery many would mainlain thaf
these reptles had been gradually dying oul for
some fime durng the Cretaceous. O the other
hand the case for mass extinctions by catestrophe
involing ot the survival o the fites bt the
irvival of the lockiest has been developed
recently in 2 stimulafing and provecative account
WanderfulLif by the American writey S| Gould
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PAGES OF EARTH HISTORY ADE ATING
Lable7. Classificaion of geological Eras and Periods E
T TSl e S
Enss Pertods and sysfems Oerivation of names Age
(10" years|
Recent Moders man QUATEKNARY
Fleistocene fane Ape man ResentorHokcene il = complet, whol
- . . " T _"
Pligeene reatvanety of mammals £ Clacial or Pleistocene — Pliston = mos! !
U Elephants widespread i = TERTIARY
2 - ; U,c i o = m
9‘ Migcene Flowéring plants in full developmen! 0 i 4 flwcne el
G Ancesiyal dogs and bears NEg  Miocene Meion = fess 2. ess
Z 0:~ in Miocene)
a Qligocene Ancestral pigs and apes zVe B e
o = Vi T
Bt - | U 2l (ligocene QOliges = few
nrestral borses, caltle 2nd elephants 2ppea £ foe = daw
Paleocene . i EE e =
¥ Paleocene Palus = old
The abave comparative terms sefer to the propertions of
odern marme shels orcurring as fossils
— -6t
Cretaceous Exinction of dinosaurs and ammonites
M Gl ¥ § Sl i i 5
v | ammals and flowering plants slaily appea £5 CRETACEOUS Cele = chalk
¢ Jurassic Dinosaurs and ammoniles abundant 23 -1
N Birds and mammals appest QET  JURASSIC Jire Mountains
0 01% -8
woo T Fhyng reptes and dhnosaus appear o2 TRASSC Thveeu divcion n Gemmany
z Furst corals of modern types sEd , ; .
’ $2  [NewRed Sandstone = desert candsiones of the Trassic
Feriod and part of the Pemaan)
——— A= = S —— I = e M4
Permuan P?se ol repliles and amphibrans UPPER PALAEOZOIC
Corifers and beetles appear PERMIAN Fimise, amcient kingdem betweeen he Urais
Carboniferous Coal forests and e Volg "
4 yanhles and winped 1neoet \ i - AL -
Pl e s _ CARBONIFEROUS  (Coslcarbonl-bearing )
U Cevonian First amphibians and ammoniles ¢i 2 R
0 Earlisttets and spiders 0dz  DEVONIAN Devan (marine sediments)
N e of fish NET {0l Red Sandstone = land sediments of the Devonian Period)
0 ise ol f1s0es Y £ 38
i o B1Y
< Siburian First spore-bearing land plants <iD o LOWERPALAEQZOIC
p, Farliest known coral reefs ¢z SILURIAN Silures, Celtic tribe of Welsh Borders
N a3 4%
. -t ek (i otk [ i R
Ordoriczn Fis fsh ke vetebrtes ORDOVICIAN Ondoice, Celfc ribe of North Wales
Trlobites and graplolites abundant iR
Cambrian Trilobites, graptolites, brachiopods, molkuscs, CAMEIAN Camtria, Roman name for Wals
(rinoids, radiolaria, foraminifera 570
- e T 1 ——— —_— _— _—— =
Abundant fossils firs! appear PRECAMBRIAN ERAS
— o e - *PROTEROZOIC Prateros = earlier
Late Precambrian Scanty semains of primitive invertebrates, =500
spanges, worms, 2lgae, bactenia *ARCHAEOZOIC Archazgs = primaeval
Earlier Precambian Rare algae and bacteria back to at least 3000 or ARCHEAN

The time between the formation of the Earth (4500 m.y.| and the
oldest dated Archean tocks {3600 m.y.} s referced (0 &8
Pre-axchean

m.y. for oldest known traces of ife

* These are sametimes diferentinted &s EONS tagetheswith PHANERGZOIC (e appesring which comprises Cambran 0 the
Fetseny
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'Extraterrestrial Mechanisms
E
| ntrasolar
"Derhaps the mos! ineresting and controversial proposal made in palacobiology in the las
decade s fhe proposal hat the Late Cretaceous ms extinetion was riggered by the
impact of lrge asteroid (Abvarez et al 1980), perhaps half the size of the Martian moon |
Phobos (Figure 2.6) el belieed to have orginated in the asterid bell between Mars |
and Jupiter. “There is an enfie class of ateroid-sized bodies, Ihe Apollo objects, which
have orils which cross that ofthe Eath “and it i only a matte of time before
collision takes place. “Thus it is entiely reasonableto propose that Such an everd has
taken placein he st and thet the catastrophic resut of suh a olfison could trigger
global eonsystem collapse “In etrospect, i i the very catastrophic 2nd geologially
instantaneous nature of such a proposal which bas led o rejecion of the idea by many,
who see the proposal s a eturm of ninetegnth-century catastrophism. "0n the other hand, |
others have gone o the extreme of maintaning that alf mass extnctions are triggered by
impacts, and the these impacts occur with clock-like regulaity.

*An impressive body of evidence has been amassed which supports the dea that an

| asterod did indeed impact the Earth at the end of the Maastrichtian Age in the Late

| Cretaceous. 'The iniia evidence was geochemical - the discovery of anomalously high
concentrations of the clement iridiurm in the sediments of the laest Maastrichtian Age

" Iidium s depleted in crustal rocks of the Eath, "oyt enriched in meteoritic materils.
"The znomalous iridium laver has now been discovered at sies allover the globe. and n |
both marine and temestial sedimests. “Ths it appearsthatthe Earth was enveloped in

dust cloud, znomalously enriched in irdium, at the end of the Cretaceous

| Other evidence includes the discovery of minerals with shock features, charactritc of '
impacts, nsediments of atest Mazstrichian Age in widely separated regions of the
globe."*Small spherules, argued 1o be impact-mel-derived, have been discovered in
these same sediments as well s carbon concentrations, interpreted s the soot fallout of
massive wildfires tnggered by the impact " Geochemical anomalies, in additon to

| iridium, have dso been interpreted as extratemestrialin origin

| .

| *“The cfimate effeets of an asteroid or cometary impact re difficultto predict. arge | Flaue 26, The Matian
amounts of debris rom the vaporised bolide and impact site would be infected nfothe ho
atmosphee ™Meteorological models suggest " thatsuch a global dust cloud would

| result in the totel blockage of sunlight from the Earth's surface for weeks, and ight

 intensites too ow to support photosyathesi for sevral months *0ther proposed effets

‘ inchude poisoning of the atmosphere with nitrous oxides and cyanide, plobalacid ran,

| and destruction of the ozone layer | Exraterrestrind mechanisims

oon Phobos, F

¥ Certainly such a limati upheaval would have a major effet on the biosphere, ~“and vl |
mei 1 i o f ‘orhiaps (he mast micres

global temperature decline is consistent with the ecological signature of most mass i

! - o Dotogy 1 e feisi Beud

exfinction was triggered by the impact of | :

10g0), perhaps hal the size of e Martian mialn Phohos (Figure 16). tscl

beioved to have oriinated i theasterord bl between Mars g Jupiter
’ « 1he Aol objects, which

(Alvarez 1!

qrel dSICTHG

There is an entire cliss of astoroud-sized bodie
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extinctions. One problem with the impact hypothesis i that he effet of such 2
collision should b instantaneous but shor-term. *“Most mass extinctons appear ot fo
haye been geologicall instantaneous, however, diversity losses are pread over
hundreds of thousends t milions of years. Last appearances of species in anextinction
interval often are not simultaneous but stepwise, vith one group of species disappearing
frst followed by another some thousands to tens of thousands of years later, and yet
another later in time

"1t has been sugsested thatth stepwise o proracted patter of speces extincton as
seen n the fosslrecerd is an artifact **Many extinction ntervals lso correlate with
regressi?ns and marin regresson has a strong dstorting effe on the straigraphic
record. ““The progessive loss of sampling area produced by regressing seas, combined
with the erosion and destruction of previously deposited srata, can smear last
appearances of species backwards in fime 304 transform even an nstanancous
diversity drop into a progressive diversity decline (Signor and Lipps 1982). “The
magnitud ofthis ditorion can e esimated 1o some extent by nofing the mumber of
“Lazarus species’ (species which disappear during the extinction interval but are known
to survive as they reappear lter) associated with the event (Jblonski 1986a). 1fthe
Lazaruseffct s srong for a paticular event, ™ then it i notpossble o reet the
hypothesi ha the vent was sulden and only artifcially appears prowracted. > Jablons
(19862) noted “*tht the Lazarus effct appears worstfor the Late Permian event, Hand
raised the interesting possibility that this most severe of al erises in Earth history may
hae been more sbupt s nomaly consieed '

"“The salgaphic eoordofmanyarisnevals s suffinly complet "o negate
;J!qe possibility of simulaneous extinction of all species which disappear during the event
" Acoepting the stepwise evtincton patern as real, Mon altermative mypact hypothesis
has been proposed (Hut et 2l 1987) in which a series of smaller impacs, distibuted over
& geologically significant period of time, is argued to have produced the sequential

extinctions!

JzLasﬂy: it should be noted that the climatic predictions of the impact hypothesis are
strongly model-dependam.™The cimtic effets of farge-body collison could be more
long-term then curratly predicted, ™and may produce global changes on a tme seale of
tens of thousands of years *Such long-term clmatic effcts would be more in concer
with the pattem of species extinctions seen in the fossil record

*To date  srong case cannot b made fo large impacts during orss interval other then
 the Late Cretaceous and Late Eocene events (Donovan 1987, Kenr 1987), and perbaps a
small impact i the Plovene (Kyte et al 1988). ™*The Late Eocene is partcularly
it it i anomaly s well 2 et v e found
elarly indioating extrtemestialimpact ™The microtektites, however, oceur n
_se»m] borizons of Late Encene and Early Oligocen age,™™thus evidencing a seris of
impacts over tistime nterval ™ Curiously, none ofthese multiple orizons appeats o
correspond exactly 1o known extinction horizons (Keller et a 1983), b providing no

strong causal lnk between the extinctions and the impacts. ™*Small ridium anomalies
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haave orhiis which cross that of the Exsth and it is oy 2 matier of tme
before a collson takes place. Thasi s covichy easanable o propose hat
suclan evert bias Lahen place i the past, and that the catustruphic results
of such i collision could tngger global ecosystem collase. In eteospect.
is the very catastrophic and geologically mslantneaus nure of such an
impact which b fed to rejection of the ided by mant. who see e
proposl a¢ i setumn 1o minglecntentury catistrophis. O the othey
hund. ofhcrs have pone 1o the extreme of maintaining that ol mass
catinctions wre riggered by impacts, 4nd thal these impaels oceur with
clack-like regularity.

Animpressive body of evidence hias been amassed which supports e
idea that o asteraid did indeed impact the Earth 20 the end of he
Maustrichtian Age in the Late Cretaccous. The inital ewdence was 60
chemical—the discovery of snomalously high concentratians of the clement
iridium i cediments of ket Maasinchtizn Age. Induum & depleted m
crustl ocks of the Earth, but canched in metcorific materiaks. The
anomalous rdiom laver s now been discovered at stesall over the golx.
and in both marine and vegestialsediments. Ths it appears hat the Earth
was enveloped 1n a global dust cloud, anomalously enriched in mdim. at
the end of the Cretuceous.

Other evidence includes the duscovery of minerals with shack features.
charactenisic o impacts. n sediments of atest Masstrichtan Age mwdcl
separated regians of the gobe. Smal spherules. ergued 0 be impact-melt-
derived. have been discovered in these same sediments as well s casbn
concentrations. iterpreted s the soo fallout of massive wildfres nggered
by the fmpact. Geochemical anomalies. in addition 10 milium it ko
heen imerpreted us extratersestrsal 1 angin

The climatic elfects of an asteroid or cometary mpact are Gilficall te
predic, Large amaunts of debris rom the vaporsed halde and mpactsie
would be mjected into the atmosphere Mletearological models suggest that
such a global dust cloug would resull n he total lockage of slgh Jrom
the Eanth's surface for woeks, and hehi micasities foo Jow 10 support
photosthesss for several months. Surface temperaturcs would quickly
drop 10 4nd remain below freczing for a period of several months. Othes
proposed effets include porsoning of he atmosphete ¥ ih nitroes awdcs
and cyanide. global sad ram. and destruction of the vzone et

Certainly such & climatic upheaval would have 2 major effect on the
iosphere, and glohal lemperature decing s comstent with h: ceobogical
signatute of most mass extinctions. Qe problem v it e imopact bypothests
i that he effect of sach a collision should be stantaneoes but shorte
Yerm. Most mass extinetions appear i to have ecn geologicaly nstanta
neos. howeser: iversity fosses ate spread aver bundreds of housands 10
millions of vears. Last appearances of species i an cMIRclion micry aloficn
are not simultancous but stewis. with onc zroup of species disippeanig
frst. followed b another some thowsands o lens of thousands of vears lier,
and yet unother fater in time,
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have bega reported for Lhe Cenomnian and Middle Miocene eves, it an impect
origin for these has yet fo be conclusively demonstrated. "'On the other hand, indiun-
enrichment horizons have becn discovered which wee produced by sediment
peachenical and biological processes. “Thus anomalous concentrations of ndium can
70 Jonger be taken as dircet evidence for exiraterestrg) impacts

“Other possible nira-solar melanisms 0 tgger emesiral enges include passibie
fhuetuations in the lamnosily ofthe St and know oebial variations n the distance: of
the Farth rom she Sun. ™ The possilty the the solar ‘constant” varies i iteresting
Ottt difficult to demonsira on he bass of fevestial data alone. “Obwiously any
increase ot decrease in enesay from the Sum reaching the Earth would have major effects
on global cimate. “Orbital changes in Earh-Sun relatonships can also cause varafons
i <ol enegy teahing the Eth **Suchchanges ae ofpaticular et I thel
ey are perioic, “but the ctuatons in the Earh's oritl (Milakoviteh) periods fall
inthe range of thousands fo fundreds of housands of years Geological perodicites of
e order 2-7 Myr, shich may be orbita-related, ™ " have been proposed it o
confimied ™ (Rampino and Stohers 1987). *None matchthe propased 26 Myr
pertodicity in Mezozoic-Cenozoic exfinclions.
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{1 s hecn sugegsted that the stepise or protracted patter ot specics
xfinction scen i the foss record i an artfict, Many exinction fntervals
glsocornclate with regressions. ind marine egression hasastrong distorng
effcet o the stratigraphic record, The progeessive loss of sumpling arc
produced by regressing seas. combined with the erosion nd destretion of
previously deposited strati, can smear ost appearinécs of specics buck
wards 1 time and ranstonm cven im nsanfncous diversiiy l}l(.‘|' nto
progressive diversity ecline (Sianor and Lipps 1982), The myenitude of ths
distortion can be estimated tosome edtent by aoting the aumber of‘Lazinus
specics” {specics which disuppear during the extinction gierval but are
known 1o survie, as they reappear fater) assoctated with the event
(Jablonski 1986a]. f the Lazarus efect isstrong fora particular event. then
i not possible 10 reject the hypothests that the event ws sudden and anly
artificially appears protracted. Jablonski { 96a) noted that the Lazarus
ffect appears worst for the Lute Permuan event. and raised the interesting
possibility that this most severe of all erses n Earih hstory may e been
more abrup! than 1 nomially considers.

The stratigraphic record of many crisis terval s sulficently complte 0
negate the possibility of simultancous extinction of all species which
disappear duning the event, Accepling the siepwie exlinciion patlern 15
real. an ltermative impact pothesis has been proposed (Hut etal, 87 n
shich a series of smaller impacts. distributed over s geologically signifcant
period of time. is argued 10 have produced the sequential extinclions!

Lastl. it should be noted that the climatic predictions of the mpad
hypothesis are strangly model-dependent. The chimitic effects of o farge-
bady colison could be more fong-umm than cursenly predicted. an may
produce global changes on i time scaly of tens of tiousands of years. Such
long-term climatic offects wouli be more tn cuncer! with the paticnn of
spoctes extinclions soen 1 The fosal record,

To date. 2 strong case cannat be made for large impacts (luring crisis
eryals otber Y the Late Cretugeousand Late Eocene evems (Donovan

TORT: Kerr LT, md porhuaps o smuall impact 1 the Pliocene (ke e

108, The Late Eovenc s particolarls interestig, in that s iridum
anomly as well a5 micretekites have been fund, clearly indicating extri-
servestrial impict. The mucrateklites, however, aceur wuerdl horzons
of Late Foceneamd Early Oliaueeoe age. thus cvidencing series ol mpicts
sver this e tmterval Cunoushy, nene of these multiple orzons gpein
toconresponkd exielly 1 kawn oxlinction borizons (Reler et 1983). has
provading o strang cosal ik berween the extimetions and the mpsits.
Sl sidium anomalics have been reportcd for the Cenomanian and
Middle Miocene events, hut an mmpagd ongn Jor these his yet 10 b
conclistvelvdemonstrted. On theother hamd, imdnm-canchment honzons
ve heen discovered which were produced by sedimeat geochericil i
Dinlogical processes, Thus anomalous concentsittons ol it can 1o
|¢,”.‘__.L-[ e otk sy i drrect evidenee for extrater restsal impacts.
(Ml possible mtea-sular auechisisms b (g tercestrial erses include
possible: fuctuations - the luminosity of the Sun, and known orhital
warations in the distance of the Eanh from the Sun. The possibibty thas
the ol “constant” varies i interestm, but difficult to demansirate on the
basis o tervestnal dat alone. Obwiously any inerease or decrease 1n eneray
{rom the Sun resching the Earth would have major effects on '.'|||n.;|f
climate. Orbital changes in Earth-Sun selanonships cin lo CAUSC Vi
fioms. 1 sular energy reaching the Earth. Such changes ase of purticula
mterest n tiat they are perndic, hur the vanoos uctustons i the Earth's
orbital (Mikenboviteh periods fall in the range of thousands to hundreds o
thousands of years, Gealogic penodicities of the order of 2-7 My, which
may be orbl-related. hase been proposed but mot comfimed (Ramping
and Stothers 1987). None match the proposed 26 Myr periodictty in
Mesozoie-Cesoale extinclions. ' .
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"Mass Extmetions and the Rate of Exobution

Y nder mormal ircumstances, therate of extinction séems fo e such tha 1wughly 1010 20%
of the species at any given time vl be estinct m & matter of Y or & mllion years. “The fossi
record shows, boweser, that not all extmetions are “normial “Rare catastrophic events tn the
pist have caused Farge numbers of species o become exfinc! suddealy, These events aie
called mass extinttions.

“The best known of thess mass extinctions is the one in which the dmosaurs perished some
65 million years ago, at fne end of the Cretaceaus period, which was af the end of e
Mesoaoic era. Inthat extncion, about two-bids of alLvig speces disappeared. l some
cases, & ith ocean plankton, hs oumber may have clintbed as high as 8% "But the
evtinetion 2t (he end of the Mezozoic was neither the largest nor the most recent mass
extinciion, ™ About 250 milion years ago, near the end of the Palacozoic era, abont 80% of
existig pecies disappeared i a singl extmction event " & somewshat milder extncton
which wiped aut 30% of existing species, &ppears o have taken place about 11 mullion years
ag0. "In fact, geolosiss who study the pasthistory of fife n deta distmgush & many 25 11
of these mass extinchoss.

B0ne of the most mteresting explanations for hovw these mass extinctions could occur was
put forward in 1980 by fhe Faher-and-son team of Walter Alvarez (s geologist) and Lus
Alvarez {2 Nobel Jauteatein physis).““Based on evidence thy accurmulated, " ey
suggested "t he impact of a arge aseroid kled off the dinosaurs and other ife foms
“Suuch an tmpact would have rassed a dust cloud thet would have blocked aut sunlight for
several months. “This catastrophe would have been such a shock 10 the srld ecosystem
“hat it is a wonder that anything survived at ol

"Most sientiss oday accept " that an asteroid hit Earth at the end of the Cretaceois, Yand
agree that ™t was at eastpartly responsible for the mass extinction “This conclusion was
bolstered 1 1992, ™\when a crater over 100 miles across was discovered buried under the sea
floor near the Yucatan Peninstla i Mexico. "Liss certain i the role tha other factors played
i these events. *The world ecosystem was under a great ealof sress at tha tine becavse
of reltively sapid changes in chimate and the creation of mountain chains, bofh of which
were ahermg habitals

“The eistence of mass extinctons dlustrates a important pomt abou the bstory of e on
our planel, “Evolution is it 2 smooth gradual progress through e There aze times when
sudden changes (such a those in mass evtinctions) are followed by tapid evolution, 2 nex
specics develop 10 lake theplace o thase haldisappeared. “Afe the extincton of the
dinosaurs, for example, he numbas of species of manmials increased dramatically

G iemtsts continue {0 debate zbout the ate of evolution. “The two exiremes in the debate
have beza the gradualism hypothesis, which holds that most change occurs 25 & resul of
sonall adaptanons, and puctuated eyuaibrion, which holds that changas ustally ocou In

| short bursts, separate by long pemods o stzbilty. T nowe appeass that both these exrems,
{ and probably any rate of evolurion in benween, hsve accurred atsome fim n the Earll's
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Mass Extinctions and the Rate of Fyolution

Under normal circumstances, the rate of extinction seems to be such that
roughiy 10 to 20% of the species at any given time will be extinel in 2
matterof  or § millon years. The foss] record shows, howweser, that not
#ll extinctions are “normal.” Rate catasrophic eveats n the past have
€aused large numbers o speces to become extinct suddenly. These events
&1¢ called prass extinctions,

By “large numbers of species,” we mean anywhere from 30 to 90
ofthe species alive atthe time. By “suddenly,” we mean a time too short
to be resolved by standard genlogical techmiques. The extinction may
have taken place over  period of a few tens of thousands of years, o
over a couple of days.

The best known of these mass extinctions is the one in which the
dinosaurs perished some 65 million vearsago, attheend ofthe Cretaceous
period, which was at the end of the Mesozoic era. In that extinction,
about two-thirds of l living species disappeared. I some cases, as with
ocean plankion, this number may have climbed as high as 989%, But the
extinction at the end of the Mesozoic was neither the fargest nor the
most recent mass extinetion. About 250 million vears aga, near the end
ofthe Peleozoic era, about 80% of existing species disapp;eared inagngle
extinction event. & somewhat milder extinction, which wiped out 3I§Ji-
ol existing species, appears to have laken place zbout 11 million yearsago.
Infact, geologists wha study the st history of lfe i detai distj‘nguash s
many a5 11 of these mass extinctions,

One of the most interesting explanations for how these mass extinc-
tions cauld occur was put forward in 1980 by the fatherand-son team
of Walter Avarez (a geologist), and Luis Alvarez {a Nobe] laureate in
tmpact of a farge asteroid Killed off the dinosaurs and other lie formis
Such an tnpact would have raised a dust cloud that would have blocked
out sunlight for several months. This catastrophe wold have been such
ashocktothe World ecosystem that it isa wonder anvihing survived at

Most scientists today accept that an asteroid hit the Eaeth at the end
of the Cretaceous, and agree that it was at least partiy tesponsible for the
mass extinction, This conclusion was bolstered in 1992, when 2 crater
over 100 miles across was discovered buried under the sea floor near the
Yucatan Peninsula in Mexico. Less certain is the role that other factors
plaged in these events. The world ecosystem was under a great deal of
stess at that time because of elatively rapid changes in climate and the
recentt creation of mountain chains, both of which were altering habitats,

The existence of mass extinctions llustzates an important p(aimabuut
the history of life on our planet. Evolution is not a smooth, gradual
progtess through time. There are times when sudden changes (such as
thost in the mass extinctions) are followed by rapid evolution, as new
Species develop to take the place of those that disappeared. Mrer the
extinction of the dinosaurs, for example, the number of species of man-
mals increased dramatically. Scientists continue to dehatelahum the rate
of evolution, The two extremes in 1he debate have been the gradualisin
hypothesis, which holds that most change occurs as 2 result ofthe A
mulation of small adaptations; and punctuated equitrium, which holds
that changes usually occur in short bursts, seperated by long periods of
stability. It now appears that both of these extremes, and prohably .Iam
rate of evolution in between, have ocoured at some fime in the
Earth's past.
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Falling Star” (1985) Sctenific American. 253(3) 52-33
Falling Star?

Paragraph |
The notion that extraterestrial forces have regularly and catestrophicall intruded nto

the history of ffe gained wide currency  ltle more than 2 year g0, "I the scenario thal
has received the most atention n the scietifc and popular press, & dim, distant
mmpamun sarof he sun is held 1o send perodic shm\ert of comets into the inner solar
system, “where some of the comets stnke the arth, cautmaa mass extinclion of
§pecies *Called the Nemesis hypothests afer the name of the putative sar, the proposal
has been the subject of new Sape aticles, two edtorels nthe New York Times and 2
cover story n Time magazine. A reassessment of the fossl evidence now sugges's “ihe
regular extinctions said 0 be the handiwork of Nemesis may never have taken place

l’ampapl (nalysis of theme siructiire only)

*Nemesis and similar theores grew out of an earlie and more modest claim P10 1979
Il.u;s W. Alvarez, Walter Alvarez, Frank Asaro and Helen V Michel of the University of
|Califoria t Berkeley reported “*that a ayer of clay deposite a the end of the
Cretaceous period (about 65 million years agu) in ltaly, Denmark and New Zealand
contains anomalously high levels of rdium igum s rare i the eant's crust, b
i abundant in meteorits.” Widespread extinctions, including the dermce of the
dinosaurs, marked the endofthe Cretaceous ™The workers proposed " that he
extinctions and the midium layer had a common cause the i 1mP act of an extrafemrestrial
object, probably an asteroid about 10 kilometers in diameter *Since then the finding tha
an ridium anomaly exists at many othe sites around the world and that the iridium-rich
clay also contains minerals apparently atesed by heat and shock have bolstered the case
‘E'ur a Crelaceous impact

Paragraph}

“The impetus to extend the isolated event proposed by the Berkeley workers into a cycle
of catastrophes came in late 1983 in the form of an analysis of strtigraphic data on foss
marine animals done by David M Raup and J John Sepkoski Jr of the University of
Chicago. ‘For each stralgraphic stage into which the fossilrecord of the past 250 millon
years s divided they determined the rate of extinction (defined asthe murmber of families
that ecame extinct in the stage divided by the number of families e\mmg during the
stage) The rate peaked regularly at intervals of about ’6 million years "(Statistical tests |
medhaudw.eekr‘f periodicty of 30 millon years ) “Raup and Sepkoskd jsuggested |
®that the periodicity reflecs a recurrent event, probably of astronomical origin, inthe |

physical environment |

\f amrfmph A (analysis of theme stricturc only)

" Astronomers and astrophysicsts were quick 1o supply possible mechanisms *In
several scenarios the regular oscilation of the solar system above and below the plane of
the galay drives the peniodic mass extinctions *\fichae| R Rampino and Richard B
Stothers of the National Acronautics and Space Administration’s Goddard Institute for
Space Studies proposed, *¥or exampl, that during passages through the galactic plane,
which occur at intervals of about 33 million years, encounters with clouds of gas and dust

Falting Star?

he notion that evireierrestrial

forces have regularly and cata-
e ) Ny | . A4

strophically mtroded into the

history of life gained wide currency @
lttle more than a year ago. In the se-
nario that has received the most at-

tention i the scientific and popular  imp

press, a dim, distant companion star
of the sun is held to send periodic
showers of contets into the oner sofar
sysiem, where some of the comels
strike the earth, causing 1 Mass ex-
tinction of species. Called the Neme-
sis hypothesis afler the name of the
putalive star, the proposal has been
the subject of newspaper articles, we
editorials in the New Fork Times and
4 cover sfory in Time magazine. A re-
assessment of the fossil evidence now
suggests the regular extinctions said 10
be the handiwork of Nemesis may
never have taken place

Nemests and similar theores grew

out of an eatfier and more modest
thaim. In 1979 Lus W, Alvarez, Wal-
ter Alvarez, Frank Asaroand Helen V.

« Miche] of the Unversity of California

af Berkeley reponted that a layer of
¢lay deposited at the end of the Creta-

¢eous period (about 65 milion vears
ago) in taly, Denmark and New Zea-
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land contains znomaloudy high levels
of midium. Iridium is rare imthe earth’s
crust, but it 1s sbundznt m meksoriles
Widespread extinctions, including the
demise of the dinosaurs, marked the
end of the Cretaceous The workers
proposed that the extinctions and the
indium layer had 2common cause: the
act of an extratemestoal object,
probably 2n asteroid about 10 kilome-
ters in diameter. Since then Ihe finding
(het an iridim snomaly exsts at sany
ather siles areund the world and that
the rdivmerich clay also containg
minerals apparenily altered by heat
and shock have bolstered the case for
4 Cretaceolss impact.

The impetus to extend the isolated
event prepased by the Berkeley work-
ers inlo & cycle of catastrophes came
in [tz 1983 in the form of 2n analysis
of stratigraphic data on fossil marine
anirnals. done by David M. Raup 2nd
J. John Sepkoski, Jr., of the Univer-
sity of Chiczgo. For each stratipraph-
g¢ o which the fossil record
of the past 250 million yearsisdivided
they determincd the rate of extmetion
{defined a3 the number of families that
became exting age dnided by
\'ranmbv.Hl durmg

Manicosagan Cruter in (uebes, ™0 bilomelers wide: possible prace of  comet shower?

. solar system Th
B ence of Nem

(Statistical tests 2lso indicated a weall-
¢r periodicity of 30 million years)
Raup and S¢pkoski sugeested that the
periodicily refiects & recurment event,
;mhztl'} of astronomical origin, in the
physical environmenl.

Astronomers and astrophysicists
were quick to supply possible mecha-
nisms. In several scenarios the regular
oscillation of the solar system above
and below the plane of the galaxy
drives the periodic mass extinctions.
Michaet R Rampino nd Richard B.
Stothers of the National Aeronautics
and Space Administration's Goddard
Institute for Space Studies propased.
for example, that during passages
through the galactic plane, which oc-
cur &t intervals of about 33 million
years, encounters with clouds of gas
and dust disturb the solar system’s
family of comets, seltmg ane o more
on 2 collision course with the earth

Dame] P. Whitmire of the Universi-
ty of Southwestern Louitizna and Al
IV of the Computer

“'u.LJ Corporation, and sm

ously Marc Davis of Berkeley, Puet
HI of the Instifute for Advanced
S'Ld- n PI in nlf‘u J d."uR I"..I'J

reflects the orbital period of & compan
ar of the son. The

15, bt i1z orbil H'.'|-1|(
ey 2 mrillfon vears, al il

hi |[|‘:'I'|'-'..II'I[“”I‘

tateonal infi

i r\JLJm;
tic field and

cle; other geologic ey
versals in the earth's
episodes of lectonic activily, also seem
(o have cccurred on & similar ime
(able. The proposed mechanisms have
beer criticized, however, on astronom:
ical grounds. It appears, for example,
that clouds of gas and dust are not
clustered densely enough near the ga-
lactic plane to produce a sharp pertur-
hation of the solar sysiem’s floch ol
comets as the sun erosses the plane. Ag
for the Nemesis model, some workers
now argue that 2 companion star at the
gread distance that i required woukd
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diturh the ol e il of comets, e
with the earth.

fling one or mare on a collision ccarse

Paragraph's

“Dasiel P Whitmire of the Universty of Southwestern Louisiana and Albert A Jackson
IV of the Computer Sciences Corporation, and simutancously Marc Davis of Berkeley,
Piet Hut of the Institute for advanced study in Princeton, N.J, and Richard A Mulle of
Berkelcy, proosed models in \k‘hiL‘]\ the extintion periodicity reflects (he orbial period
of a companion star of the sun, "“The companion would currently he af a distance of
several ght-vears, "t s orbit would be ecceriric. Eve]y 26 million years, at fs
¢losest approach {o the sun, the star would pass through the dense imner renmn of the
Qod cloud, a region of comets that is thought 1o envelop the solar sysiem The

gray uanona] influcnce of Nemesis would precipitate.a comet shovwer, *(The sar ot it
name "“swhen ameditor at Nathre sclected t fom a st ofpossbiiies Muler and his
colfeagues were consideriag )

Pam?rq)b 6 fomedysis of theme strcture only)

"Supportfor the notion of periodic impacs has com fiom (he ﬁndmg of a regulanty in

the ages of large impact craters that maiches the extinction cycle Pother geologic
events, inchiding reversals in the earfy's magutic field and episodes of ectonic activity,
alo seem 0 have occurred on  smilar meteble”*The proposed mechanisms have been
criticied, however, on astronomical grounds, " appears, for example, that louds of gas
{and dust are not clustesed densely enough near the gelactic plane to produce a sharp
perurbation of he soar system’s ok of comefs s the sun crosss the plane, “*As for
the Nemesis model, some workers now argue *the & compation st  the gea
distance that is required would have lcle chance of staying bound to the sun long enough
{0 have riggered the regular extinetions,

Paragraph fanalysis of thewe structare only)

" Now the focus of the eritcism has shifted from the models themselves to the finding
tht licited then the apparent peciodicty n the fosil ecord. 1 4 recent paperin
Nainre Antoni Hoffman of Columbia Usiversiy contends “'tat uncertzintes in fossl
daing and biases in Raup and Sepkeski's methodology cast doubt on therr resuls

Paragraph § '
" Hoffnanpoins ut " that Rawp and Sephoski pared the 350 familis i their origna
data down to 367 by removing farailics whose origin and extinction cannot be resolved to
single stages and amilies with currnly sunviving species. “The culling ofhe data
edusced nois ard he uncertainty reslting from the Factthat any recent fossls ace
classified as membess ofmanl groups Although they may epresent morphologically
sl bot extnetgroups " Bu i lso meant tha: smal uctuatons in extinton e
uring recent stages would be magnified by the reduced number o familes wider
consideration. "*When Hoffman restored the omitted families o he dta, ™ many of the
sharpes! extinction peeks disappeared ‘

ave Title zhance of staying bovnd to
(e sun lang znough to have triggered
the regular exfinctions.

Now (he focus of the criticism has
shilted from the models themseles
to the Gnding that clitited them; the
appareal perfodiciy in the fossil rec-
o, Tn a recent paper in Noawre An-
toni Hoffman of Columbia Universt-
ty contends that uncerainties n foss
dating and biases in Raup and Sep-
koskt's methodology cast doubt on
1B results

Hofiman points out tha Raup and
Sepkoski pared the 1500 familes in
their original data down o 37 by re
moving Iarml.a whoge oriti gad ex-
Giclion cannot be resolved to siagle
Stages and families with currenlly sur-
viving species. The cullig of the data
reduced noise znd the uncerlainry re-
sulfimg from the fact that maay teoent
fosslsare ciassiied as members of ex-
tant groups although they may fepre-
<ent morphologicall oifer ba ex-
fioct oups. But it also meant fal
small Buctualions 1 exunction fae
during recent stages would b magnl-
fied by the reduced number of famlies
under consideration. When Hoflman
restored the omitted famties to the
dara, many of the sharpest extinction
peaks dl\d[‘[\.uh.\j

The original finding of penodicily
also tormed out 1o be highly seasitise
to the geologic time scale used to &
(ablish absolute daies for the stages
Equally plausible time scales for the
past 250 million years or 5o can difer
by 19 million years or more on the
dates of sraligraphic boundaries. Giv-
en 4 lime scale different from the on

Raup and Sephosk adopted, the 26-
milljon-vear pn.odu.l' weakened

[n another ine of argument,present:
ed in & paper In Geolsgical Magaze,
Hofiman and Joe Ghiold of Louisizna
State University suggest that Raup and
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Sepkoshr's ¢riterion for ientifymg 3
mass extinction is biased toward peri
edicity, The criterion is nol quanma
five, mma anepisode of mass extinc-
fion i simply any local peak in extine
tion rate:any stage in which the rate s
higher tiaa In the preceding and fol
lowing slages. To analyze the effects
of that deinition Hoffman and Ghiold
apply it 1o a hypothetical model in
which the rale at which famifies be-
come extinct varics al random from
stast Lo wage. For each stage the prob-
ablity that the extinetion rate i high-
¢ than in the stage preceding it i one-
half: the likefihood of it being higher
han in the foliowing stage 1t also one-
hall. The probability that the slage
epresents & peak in extinction rate s
therefore one in four.

Even it extinction rate Varies rag-
domly, 2n aversge of one stage in four
will counl as 2 mass extinclion. In the
time scale Raup and Sepkoski adopt-
¢4, the geologic siages i e period
they consider have avesage durations
of 6.2 million vears. Hence, Hollman
argues, Rzupa;.d&epkosmmﬁuuon
of mass extinction, ogetfer wilh their
fime scale, makes a rough periodicity
of about 26 million years inevitable
There may indeed have been & perl-
odicity in the estinction 7ate, but the

regulariy could ¢ rifact. If

d also be
itis, the vase for Nemesis and 1 com-
panion theories weakens

Raup and Sephoski stand by ther
finding. I their original work they test-
¢d their result by randomizing (shuf-
fling) the data and analyzmg it for peri-
odicity. The 26-milion-yees cycle was
Nt evident, which suggests that it is
inherent in the reaf data and is not an
artifact of the investigators' method.
Since then they have done 2n analysis
of the complete 3, 500-family dala set;
the 26-millionyear periodiclty reap-
peared. Sephoski has glso found the

reqularity i extisctions analyaed
the Jeve! of the genus. a iner taxonom-
i divssion than the family. Reporls of
both mew analyses are n pIEss.
Hofiman's arguments do oot rule
out the possibilt: that extraterresiria
ialluences have shaped the history of
life, even if they make it unnecassary
to suppase he celestia ntrusions hase
been regular. Jn appiying various sfa-
titcal critera (0 Raup and Sepkas-
ki's data Hoffman found that the fina]
sage of the Cretaceots consistealy
quuruasamasscmnmor The un-
matched disruption of the biosphere
that oceured then and the coincident
iridium Jayer continte to make & pow-
sritl case for an solated impact's hav-
ing ended ths reign of the dinosaurs.
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“*The original finding of periodicity also turred out to be highly sensitive to the geologic
1ime scale used to establish absolute dates for the stages. “Equally plausible time scales
for the past 250 million years or so can differ by 10 million years or more on the dates of
stratigraphic boundaries. SGiven a time scale different from the one Raup and Sepkoski
adopted, the 26 million-year periodicity weakened.

Paragraph 10

'"*1n another line of argument, presented in a paper in Geological Magazine, Hoffiman
and Joe Ghiold of Louisiana State University suggest that ""Raup and Sepkoski’s
criterion for identifying a mass extinction is biased towards periodicity. **The criterion is
not quantitative. *'Instead an episode of mass extinction is simply any local peak in
extinction rate: any stage in which the rate is higher than in the preceding and following
stages. 2**To analyse the effects of that definition **’Hoffman and Ghiold apply it to a
hypothetical model in which the rate at which families become extinct varies at random
from stage to stage. *For each stage the probability that the extinction rate is higher than
in the stage preceding it is one half, “’the likelihood of its being higher than in the
following stage is also one half. **The probability that the stage represents a peak in
extinction rate is therefore one in four.

Paragraph 11 (analysis of theme structure only)

“*Even if extinction rate varies randomly, *®an average of one stage in four will count as
a mass extinction. “’In the time scale Raup and Sepkoski adopted, the geologic stages in
the period they consider have average durations of 6.2 million years. ***Hence, Hoffman
argues, “Raup and Sepkoski’s definition of mass extinction, together with their time
scale, makes a rough periodicity of about 26 million years inevitable. **There may
indeed have been a ]geriodiciry in the extinction rate, “"but the regularity could also be an
artefact. *PIf it is, *®the case for Nemesis and its companion theories weakens.

Paragraph 12 (analysis of theme structure only)

51Raup and Sepkoski stand by their finding. *2In their original work they tested their
result by randomizing (shuffling) the data ~>"and analysing it for periodicity. *The 26-
million-year cycle was not evident, **"which suggests **that it is inherent in the real data
*3%nd is not an artefact of the investigators” method. “*“Since then they have done an
analysis of the complete 3,500-family data set;, *Pthe 26-million-year penodicity
reappeared. “Sepkoski has also found the regularity in extinctions analyzed at the level
of the genus, a finer taxonomic division than the family. **Reports of both new analyses
are in press.

Paragraph 13

P "Hoffman’s arguments do not rule out the possibility that extraterrestrial influences
have shaped the history of life, ***even if they make jt unnecessary to suppose the
celestial intrusions have been regular. **In applying various statistical criteria to Raup
and Sepkoski’s data Hoffman found **°that the final stage of the Cretaceous consistently
qualified as a mass extinction. >’The unmatched disruption of the biosphere that occurred
then and the coincident iridium layer continue to make a powerful case for an isolated
impact’s having ended the reign of the dinosaurs.
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"'Did Comets Kill The Dinosaurs?
"A bold new theory about mass extinction

"In the Evening around the Leuschner Observatory in Lafayette, Calif., a few
enterprising rattlesnakes slither out '"to toast themselves on the asphalt parkmo lot, which
retains the warmth of the sun long after the air has cooled. *Inside a 30-in. telescope
begins a laborious computer-controlled search of the heavens, covering only a tiny patch
of sky during the next six hour of darkness. *And the following day, at the nearby
University of California campus in Berkeley, Physicist Richard Muller, like a seer
divining entrails, scrutinises the new batch of video recordings from Lafayette. *He seeks
a sign of a dim star that many scientists think does not exist: Nemesis, the death star, a
possible companion to the sun.

>Some 400 miles to the southeast, atop snow-covered Mount Palomar, Eugene
Shoemaker, a geologist on leave from the U.S. Geological Survey, and his wife Carolyn,
an asteroid astronomer, scurry around in the unheated dome of the 18-in. Schiudt
telescope. “They photograph the sky in four-minute exposures, “hunting for fast-moving
objects against the background of the fixed stars. "So far their Palomar study has
identified 25 asteroids that cross the earth’s orbit, T"brmomg the known total to 60.

5 Asteroids like this, ®they thmk 82 have occasionally crashed into the earth with
catastrophic consequences, *‘and they strive to calculate how frequently these
inopportune meetings occur.

These quests are all part of the controversy and ferment that have been bubbling through
the scientific community since the rise of a spectacular new theory that attempts to
explain the mass extinctions - mest notably the ane in which the dinosaurs perished - that
have punctuated the history of life on this planet. '**Every 26 million vears or so, ' the
theory holds, '**™" a rain of comets that lasts hundreds or thousands of centuries
bombards the earlh HoThe impact of some of the larger comets spews enough debris into
the atmosphere *""to block the sun for months. mAs the skies darken, ' temperatures on
the ground plummet '*°and the majority of existing plant and animal species perish.

Y Galvanised by this radical proposal, researchers are hunting for an agent that could
explam the apparent clockwork regularity of the celestial barrages. ! Some suggest
“®that a companion star to the sun periodically comes close enough '*to nudge comets
gravitationally out of their na'rura.l habitat- a cloud of comets that circles the sun far
beyond the orbit ofPluto - "sending them hurtling towards earth. '**Others assign that
role to Planet X, " while some insist ”Cthat the slow, bobbing ride of the sun and its
planets around the Milky Way galaxy is responsible. '**Whatever the details, '®declares
Palaeontologist J John Sepkoski Ir. of the Unjversity of Chicago, '*‘the evidence for the
periodic mass extinctions ‘‘very strongly implicates an extraterrestrial mechanism.”
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The Dinosaurs?

Qbservatory in Lafayette, Calil, 2 few
enterpring raftiesnales sithet ot o
toast themselves on (he asphalt park-
Ing lot, which retains the warmth of (he
s foeyg after the air has cooked [nside,
0-in_ 1elescope begins 4 laborioos come
puter-contraliod search of the heawers,
covering only & tiny patch of sky during
the next six bours of darkness. And the
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California campus in Berkeley, Physicist
Richard Muller, ke 1 ez divining en-
traill, scrutingzes the new baich of video
recordings from Lafnyeste. He sels ¢
sign of & dim star thal many scientisty
(hinlc does nX st Nemesis, the deach
star, 2 potsible companion o the wn.
Some 400 miles 10 the southesst, xiop
snow<overed Mount Palomar, Eugene
Shoemaker, & gaologist on leave from the
US. Geclogica! Survey, xad his wife Caro-
ym, i asteroid astronomer, seurry around
Ihe unheated dome of the 18-, Schmidl
teiescope. They photograph the sky in
{mHnmuu exgosures, hunting for ft-
moving objects against the hackground of
:Mhﬂm&rﬁrfhmhhnunﬁy
has identified 25 asterods thal cross the
earth’s ortil, bringing the known lotal lo
60, Asteroids fike this, they think, have oc-
casionally crashed inta the eacth with cat-
astrophic consequences, nd they strive 1o
o calculate how frequently these inoppor-
£ tune mostings oicar,
£ As the Shoemakens chant the aster
# oids' travels, astronomers at the Jet Pro-
# pulion Laboratory (PL) in Pasdens,

Planet X They comb through the tangied
statistics and mmages transmitted in 198
| from the now defonct orbiting Infrared
{ Astronomical Sutelfite (LRAS), g
gling to find » single pinpoint sourve of ra-
£ dation that oves & six-month period has
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i # 6. Says Duniel Whitmire, a University of |

Southwestern Louislana astrophysicist

J

a,m.nmt' already been recorded and i
E awalting discovery right now.”

5| Habey's comet blessems in faise coler In thés
H| compler-enhanced versiaa ol 2 1910 phets

following day, 1t the nearby University of |

3| Calif, hunt for another elusive creature of

wha i involved in the search: “There's s

A bold new theory about mass extinctions

These quests are al part of the centro-
versy a0d ferment that have teen bub-
bing throogh the scientific community
simoe the rise of w spectacular new theary
that attempts 1o explain the mass extine-
tions—most notably the ons in which the
dinotsurs pecished —thal have puncluat-
ed the history of e om this planet. Every
36 million ‘years or 40, the theory holds, 1
rain of comets that lasts hundreds of thoy-
sands of ceaturies bornbards the earth
The impact of some of the langer comels
spews enough debris inlo Lhe atmosphere
1o block the sun for month, As the tkirg
darken, temperitares on the ground
plummel 20d the majority of exiting
plant and animal species perish,

Galvanized by this radical proposal,
researchers are husting for kn agent that
could explnin the apparent clockwork
regularity of the celestial barmages. Some
suggest thal u compasion star to the wn
periodically comes close enough to rdge
comets gravitationally out of their najurl
habitat—a cioud of comets Lhat circles the
e far beyond the orbit of Plato—send-
Ing them buntfiny toward carth Othen
assign thal role 1o Planet X, while somd
insist (hal the slow, bobbing rida of the
wan and its planets around the Milky Way
galaxy it responsible. Whatever the de-
tail, declares Palecatologist ). John Sep-
Keski Jr. of the University of Chicag, the
ovidence for periodic mass extinction

| I.{m:u:mumth:muw
trophe will pat cecar foe a4 Jeast 1) mik
lion years. Bul e effect of the now cone
cept 00 science and scientists has beed
much more immedisie. One measae 8
the ferocity of debate it has generaied
in the past fow moaths amoog cminesl
researchens, al conferences and in the
lelters-tonthe-editer columas of mafr
nesapupers and siaid journals aie. So7-
parters of the Mitky Way proposal dr-
miss the Nemesis noticn as “nliiely”
and "sd hoc,” and death slar advocsics
are scomful of the gatactic concepd. Many
| consider all the pewfanged
trial soenarios 1o be half-baked takeoisof
HO. Wells Says an indignant Dewey
Mclean, 2 palecotciogat
Polytechnic Institutec *Ir' scioace §o0¢
absolutely bonkers”

ot

at Virgsit

Yhmnm:rmm&dmmﬂr
m geologlsts,

evolutionary
wmlmm:muuu the
| biclogiss argue, many ssemptions about
the coane of ewolution o earth—and

forms oo other be over-
turned. Ssys Whitmire: *Just the possibil-
ity that life here has been controfled by an
pstrooomical event is very far reaching.*

1008 semse, the urrent fights over &2 |
tinction theoriey £re merely the laiey
wiriation of 2 venerable tradition that
dates buck o the carly [9th century,
when & growing corps of paleontologists

of legend. At leagt intermittently, they
concloded, [t s a0 cnstable, dangeros
place, where vast nombery of species, like
Mnmlmudmmyumnto
pear. Eventumily, afier amalyzing the

bones long thought 10 be the remains of
dragons, they pieced together the elmost
aore fantastical story of the dinossury
and thei Inexplicable demise. They zeal-
ously dug up Sossils of mysterio planty,
mvects, small animaly and maring organ-
ismd, compared them with [iving ones,
and pondersd their dimpresnince from
the earth. Had it been sudden and cata-

al?

mﬂnhkehhmﬁolhmmpmw: .

and geologisty had delermimed that the [£250
warkd 8 not the siatic Eden-fice meadow |4

Fonsh booe in Alberta's Divosaur Pk
Fonciful tales and remains of draponr.
discoveries as evidence of 3 primordial
flond, possibly Noah's. A few linked ex-
tinctions lo the fury of volcanoes: their
conjecture was bassd on the extraoedi-
nary explosion in 1883 of Krakatoa, a voi-
cang belween Java and Sumatra, which
darkened the skiey and triggered & giant
tidal wave that drowned 36,000 people.

In the end, however, most of the
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give way 40 Lhe supremacy of [he new.
3| That argument seemod 1o apply particu-
larly well 1o the dinomurs, which were
Gemigruted as being 100 big, 100 show, 1o
pea-brained and too cold-blooded for
As peokogy became more peecise, sci-

entists Setermined from the fossil record
g5 thay at Jeast five preat dyingr—and mo-

merous smaller eventy—have occurred in

# the pust 600 million years, Among the

more significant: the Cambrian dissstery
some 500 million years ago, when many
spscles of segmented coeatures called tri-
lobites disappeared from the seas they
onge dorminated; the biggest of the extive-
tioms, the Permian cataclyim of 248 mil-
lion years ago, when up 10 90% of all ma-
rine species died; and the hate-Cretaceoos
evenl 65 million years ago, which s the
destruction of the dinosaurs and many
otber groups of species, incloding the mi-
croscopks organisms responsible for cre.
Ation of the white ¢liffs of Dover, The of-
focts 0o evolution were pofoond. “In
wiping (he slate clean" says Mulkr,
'tha:unmapmwmhpl
niches and preveated stagration”

Yel for all the evidencs of destruction,
scientists couid not fipare out where the
erase wis bidden Genlognts natumally

Mivond's Barrhager Meteorite Crater, punched et same 50,000 years ipw oy sa ros-rich meteurtie, b 550 1. oo, 3,900 1L ress
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""The revolution began with an unassuming element known as iridium, a rare and hard
silvery-white metal related to platinum and gold. "¥1n the spring of 1977, Geologist
Walter Alvarez of the university of California, Berkeley, was carefully chiseling through
the rocks outside Gubbio, a medieval [talian town, halfway between Florence and Rome,
'®hseeking clues to continental drift. "**Gubbjo has long been an appealing site to
geologists and palaeontologists "hecause its rocks provide a complete geological record
of the critical boundary Jine between the end of the Cretaceous period, when the
dinosaurs disappeared, and the Tertiary period, which followed it.

2 A5 he chiseled, 2 Alvarez was struck by a configuration of sediment layers, which

resembled a sandwich in stone. ' The bottom or older layer consisted of Cretaceous
limestone, which was full of tiny fossils. 2On top was a second stice of limestone, from
the Tertiary period, almost devoid of fossils. »’Like other samples of rock from that era, it
showed that the creatures alive during the late Cretaceous period had, by geological time
scales, suddenly disappeared. **In between the limestone layers was a dull red layer of
clay about half an inch thick, first discovered by an Italian palaeontologist around 1960.

¥ Alvarez, his curiosity aroused, shipped samples of the sediment back to his father Luis,
a nobel-prizewinning physicist at the University of California, who had the clay analysed.
*To everybody’s surprise, it turned out to be 30 times as rich in iridium as normal rocks,
*’The Berkeley team knew of only a few places where such high concentrations of the
rare element might occur: in the earth’s core, perhaps 2000 miles belowground; in
extraterrestnial objects like asteroids (or their fragments, meteors) and comets; or in the
cosmic dust drifting to earth from a nearby supemova (exploding star). ***The core
material seemed too deep to come to the surface, ***and further analysis ruled out a
supernova as the source, *“so father and son concluded **that the iridium had been lefi
by a giant asteroid hitting the earth at the end of the Cretaceous period.

PThe Alvarezes did not stop there. **Basing their calculaticns on the atmospheric
consequernces of the explosion of Krakatoa, they roughly estimated how much dust the
impact of the asteroid would have thrown into the atmosphere, how long sunlight would
have been blocked from the earth’s surface, and what kinds of life would have been the
most gravely affected by the climatic changes. *"*They decided *"that plants, totally
dependant on the sun for photosynthesis, and a variety of marine organisms would have
died first, followed by the land animals highest on the food-chain, the dinosaurs.
**Eventually the iridium-enriched debris, circulating around the world in the atmosphere,
would have settled like a sprinkling of black snow over most of the globe. **(It was the
Alvarezes’ theory that helped to shape the now familiar concept of nuclear wiater.)

*Journeying to Denmark, another site where the Cretaceous geological record 1s
complete, Walter Alvarez gathered corroborating samples of iridium ***and received still
more from colleagues working on a third site on the other side of the world, in New
Zealand. >*The evidence seemed overwhelming. **In 1980 the Alvarez team finally
published its results in the journal, Science, **and stirred up some scientific debris of its
own. **Says Palaeontologist Leo Hickey, director of the Museum of Natural History at
Yale: *"™My first thought was this is one of Walter's practical jokes ”




Tl
AROCK RECORD
 Fossil evidencs suggests
thata mass extinction
occurs every 26 million
years of s0, wiping out,
others,

Al

18

muummmnwwuﬁm.u

Jooked 1o L2 carth for explusstions, cll-
Ing chanyes bn climate o sea bevel By the

,_.!.I.-knl'

tho, & medioval Natian town halfway be-
twesn Flarence and Roee, seeking clues
[ ) drift. Gubbio has long beez:

mid-1960s, sckeqtins bad conchnded thal
Ibephm('smonkphummﬂmﬂy
on the mow, bamping ind Frindicg

apingt cach other 0 produe card- pletz geological

quakos and movniales, F sepensting
m:unhndmnsnndmm
ocetx When s Jevels changg, Uy e
soned, animma) habitats {n low-lying arees
may be destroyed, or (he climato Pasthar
inhgd may grow more axtrame.

What is more, (he resthen tectonic
phiumwumlunkawﬂmwhkh
sy carban dioids oo e alr. Tho Ja-
orvase i atmospberic carton dioxide e
sults [n 8 grecahouse efct, which taps
Lze stm's energy, CAUKDS femporiuros 6a
Txod tod In (he sea o rise markedly. Con-
mﬁy‘mmmmﬁt

PN EETLCUE L R —

Lse poles o lovade
tropical sy, beeding
10 1 worldwids drop in
omperatures. Those |
species Lhal eamnol

1 the easth’s ar- |

Serlouy questions
rsmajoed, however.
Wiy, fof aoomple, e

might, :
ale2ant Ieory (0 tie the looss eads togeth-
or. They were shout (0 px what they
asked for, bt lke the Briceh auther
WW, Jacth's inamos monieys paw
{which graatad wishes—at 2 price), 1t
would 5ot be an wtuified blesing

The revolution bogas with 20 unst-
suming ekement known & indiwe, » re
and bard ailverywhite met2f relaled 10
platinum and gold. In che speing of 1977,
Geologist Walter Alvarz of tho Unvers-
ty of Calfoenfa, Berimiey, was careflly

mwumme@j

n appealing sito 1 geologlsts and paleon-
tologets because its yocks provide & com-
jcal record of (e critical
Yoadary ine benwers the and of (e Cre-
(abous priod, when (he dingsaurs disap-
peared, aed the Tertiary period, which
followed it
Ad ho chisaled, Alvarez was stuck by
a configuration of sediment layers, which
resenbled 3 sandwich fn stone. The bot-
form of ohder Tayer comsisted of Cretaceous
lisestone, which was full of dny fossils.
On lop was & seoond slice of limestone,
from e Tertiary period, almest devold of
thesa fossils. Like othar samples of rock
from (hat era, it showed Lt (be crealurss

by ap lialian pabonte-
Jogist around 1960,
Abvarez, his curios-
ity aroused, shipped
samples of the sediment
Tk (0 e US and
showed them to his fa-
ther Luis, 3 Nobel:

prizewinning
B0t (e University of
Catifornla, who had the
dﬂmbnd-‘l'ocvd‘ybudy‘mmb:.i!
rurned out 10 be 30 times 2s rich jg iridiur
s pormal rocks. The Berkeley tcam knew
of culy  few places where such high com
eentration of the rare dement might oc-
ar b the cartrx core, perhaps 2000
miles belmwground; in extraterrestrial ob-
jocts e sstermids (or their imgments,
meteon) and comets; or in the cosmic
dust driting to earth [rom a nearby super-

and furthar analysis raled out 4 supsrnova
23 the source, s0 father nd son concluded
{hat the iridium bad been ke by » giaot

" | deatally. that same lssue contained yet

TIME, MAY 5, 158,

Appendix: page 30

I
existence might be tested. He knaw [hat if
comels cyclically pelted the planet, they
st have Jeft behind craters In chrono-
| oically distinct barches Water, wind
| and continental drift have ereded most of
! e carth’s impact craten. but 100 of the
S arge survive in some form and have
been roughly dated, Muller and Waiter
Alvarez examined (he data on 13 of the
hest-daled cralers spanning & period of
150 millicn years and, sure enough. the
lting seemed 10 oocur in peaks of 284
million years {although the Later inclusion
of data from other craters made the pat-
1erm seem less conclusivel,

The results of the crater anelysis were
published in the British journal Nature,
right beside the Nemesis report. Coinci-

wnother paper on the death star. It was
from Whitmire, who had indepeadently
sonceived of 2 companion (o the sun

Reviewa for the Nemesis debul were
ahat might be called mixed Cniics
charged that so gigantic an orbit had nev-
& been recarded fostwo compantion stars,
aod with good reason. I the sun and its
presumed pariner were actually three |
[ight-years (18 willion miles) apart, they
¥, he gravitational atiraction betwesn
them would be so feeble that a passing
star or dust ¢lood would have bumped
Nemesis out of orbit Jong ago. certainly
before it could come back through the
Dort cloud a dozen limes. Says Shoemak-
1. who has been something of an impar-
tis! judge in the periodicity coniraversy.
=1 give this idea fess than a |7 chance of
being cormect.”

The warrior star, however, has ¢ap-
tured the imagination of many others. Says
Tom Gehrels, anastronomar with the Uni-
versity of Arizona: “When | heard the the-
ory. | knes in my heart it was right” ln-
deed, Gehrels immediately hopped on 2
westhound plane (o try 1o persuade Muller
10 bet him help search for the companion
But Muller’s own telescopic dissection of
1,000 stars In the Northern Hemisphere
that are candidates for being Nemesis was
tlready under way. and theee was no need
foe Giehrels' help. Sofar, Muller has photo-
traphed nearlyallthe targetstarsonce and
8 preparing o shool them again in an 8-
lempl 1o detect some lelllale movement,

flers of assistance have come from
olher quariers a8 well Jordin
Kare, & physicist with Lawrence |
Berkeley Laboralory. bas suggest-
o that 2 24-in. Schmid? 1ekescope in Als-
Iralia be used wilh 4 compaler SCanning |
tyviem called the Star Cruncher 1o survey
the Southern Hemisphere skees. If these
Approaches tyrn up a blank. Kare and
M. lier will launch a Star Cruncher search
in the north. And & PL. Astrophysicist
Thomas Chester, chief of the LR-AS. dala
leam, is sifting through recorded |R.AS.
transmissions looking for Nemesis and
Other unusual objects. Although LRAS
perated for only ten months in 1983 be-
fore dying. it managed 1o chug out data on
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Why thould the mammals have survived eny Cretaceony corastrophe?

230,000 ccamic objects, which sclentlsts
have just begun toanatyze. Chesier is hunt
ing for cool stars that may have suspicious-

1y shifed. To dato he has ideatifed 5.000

likely odjects and narowed the list 10 13,
which he plans to photograph halfa year
apart to check (arthes if they &re cands-
dates for the siar rale of Nemesis. Says
Muller: ] Agure all these searches could
ke about two years”

Early ihis year. another sclentist
joined the Nemesiy hunting party. Ar-
mand Deisemme, 1 Belgian-bom asim-
physicist at the University of Toledo In
Ohio. 2nnounced that he had just about
2eroed in on the best place for Muller of
Chester 10 book for the death siar. He has
plotied the paths of 126 comets and dis-
covered (0 hid greal wirprise that they
journey around the sun in oddly skewed
‘arbits. Some very powerful object mist be
oul there gravitationally directing the
flow of traffic, be stys, and that object
pould be Nemesis.

Although Louisiana Astrophysicist
Whitenire does not dismiss the dzath siar
theory, be thinks that his Planet X theory
of periodic comet showers has grealer po-
1ential For one thing. a still undiscovered
planet has a distinct advantage over
Nemesis a8 a promising candidate be-
cause astronomers have been prediciing
iis existence since the lale 19th century.
first as the ninth planet and then as Lhe
tenth. Reason: its existence and gravita-
tional pull might explain discrepancies in
the movements of Neptune and Uranus.
Even the discovery of Pluto in 1930 did
not fulfill the gravitational force needed
10 justify Uranus” meanderings. and some
sstronomers have long thought that a

| tenth planet is somewhere oul there. As-

ironomer Robert Harrington of the US.
Naval Observatory has gone 5o far as 10
paint 3 description of the suspect, and
it s no pedestrian planet. It is three 1o
five Limes the mass of the sasth, is gaseous

lical rather than circotar and inctines 1o
the plane of the solar system 31 an angle
of perhaps Y0° or more, its year (e
time U taket W orbal the sun onoe)
is 800 10 1,000 carth years long. To have
boert influential in shapag e cur-
cent orbit of Uranis, he thinks, it made
its elosest approach 10 Lhat planet in
Ihe (700

Ig devising (heir Panet X model,
Whitmire and fellow Looisiana Astro-
physicist John Matese lok an entinely
different k. determining tha Raure
and orbit of a planet (hat would lomee
rains of comets al the neoessary intarvals.
The result of their cakufations: 3 plane!
with an ordital plane that dosdy route
around the sun, cempleting its cycle once
every 56 million years. Twice during that
cycle. every 28 million years, Panet X'y
orbit carnies It through a disk of comels ly-
ing just beyond Neplune dislodging
many of them.

To meet all the other requirements
impased on it by (ha Loulsiana scientlsiy,
Planet X would have an orbit that is clog-
gated and highly inclined and 2 mass onc
10 five times that of Uhe cartl. [n other
words. their Planet X b remariadly smi-
| lar tg the one hat couid wooount for Lhe ir-
| regularities In the orbit of Uranws. The
beauty of the theory. in Whilmire's view,
s that it relics on & planet oniginally pro-
posed for reasons that have sathing lo do
wilh mass extinctions. Still. ha admils, the
peool of the pudding i golng to come in
the obeerving.”

Most sclentists are waldng for that
pudding 10 be served before they commil
themselves a the idea of periadicity. et
| alone a particular model. Sxys Comell
| Astronomer Carl Sugan: “None of the ex-
| planations is anything like fully satisfy-
ing” Yet all but a few dichards acknow-
edpe the brifliance of the Alvarez work
They believe the inidium layer and subse-
quent discoveries indicate that impacts of

like Jupiter. has an orbil that is ellip- | extraterrestrial objocts may have played 1

63




Appendix: page 31
Popular Science: Time

% 0ther scientists, drawn into the fray by the Alvarez conjecture, have since suggested
S%har a large comet might have similar consequences. $“Los Alamos Weapons Experts
Stirling Colgate and Albert Petschek computed *'°that a comet six miles in diameter
hitting the earth would have an effect 100,000 to 1 million times as great as a nuclear
explosion, **“and would blow a 100-sq-mi hole in the atmosphere.

13everal researchers rushed forth to deny any extraterrestrial origins for the iridium,
62"attributing it first to a gradual process of sedimentation that concentrated the metal.
*Later an old favorite was proposed — volcanic eruptions, which might have forced
iridium from the mantle to the surface. *'The most recent naysayers are Dartmouth
Geologists Charles Officer and Charles Drake, who reported in Scierce on their studies of
two other telltale elements in the boundary clay between the Cretaceous and Tertiary
periods. “*They found *°that the levels of arsenic and antimony correspond to decidedly
terrestrial, not cosmic, concentrations.

*¥One of the Alvarezes' staunchest critics has been William Clemens, a palaeontologist at
the University of California, Berkeley **After systematically sampling parts of the
castern Montana area, **he declared **°that the layer of iridium and the bones of the last
surviving dinosaur were too far apart **°to share any meaningful connection. “Besides,
“Phe asked, =™ why should the mammals have survived any Cretaceous catastrophe?
*1°Says he: “'®“If you’re going to have a nuclear winter killing off the dinosaurs, *'“why
didn’t it kil off everything else?”

“Nonetheless, the evidence in favour of an impact was rapidly accumulating. **Other
geologists uncovered similar iridium deposits just above Cretaceous rock beneath the
floor of the Atlantic Ocean and under the Raton basin in northeastern New Mexico.

* Additional analysis showed that the samples contained ratios of gold and platinum
nearly identical to thosc found in meteorites. “Furthermore, other sediment layers
containing abnormally high amounts of iridium were discovered under both the Carribean
Sea and the Gulf of Mexico, *Sthese Jayers were deposited around the time of a smaller
mass extinction that occurred more than 30 million years ago, at the end of the Eocene
epoch. *"In addition to the iridium anomaly, the sediments harbored microscopic balls of
glass called microtectites, which form in rock when something hits it with great force -
further evidence of a major collision. “*Yet investigators continued to regard the findings
from the two time periods as being no more related than, say, separate automobile
accidents in Des Moines and Miami. ***Explains Walter Alvarez: “™4t seemed to
everybody involved that extinctions and impact should be random in time.”

**That impression began to change in 1983, *®when Sepkoski and a colleautie.

Palaeontologist David Raup of the University of Chicago, presented a paper in Flagstaff,
Ariz., at a symposium on mass extinctions. -’ The pair had examined data on marine
organisms that had become extinct over the past 250 million years, a list of about 3,500
families that included an estimated quarter of a million species.

s2 . . .- . . .

*Through intricate statistical gymnastics, the two scientists found **’that most of the
dyings fell into as many as a dozen events of varying severity. some of which had
previously gone uncecognised as being mass extinctions at all. ***Then the kicker: **"the
catastrophes were separated by periods of 26 million years. f""“Though many scientists
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| findings from the two time peciods s being
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| hile accidents in Des Moines and Miami. |

| Explains Walter Alvarez "It seemed to -
| erybedy involved that extinetions and im- |
pacts should b random in time.” |

bat impression began lo change l

in 1983, when Sepkoeki und 2 col- |

league, Pajeontologist David |

Raup of the University of Chica-
40, presenied & paper in Flagsiaff, Ariz.
a1 & symposiium on miss sxtinctions. Tho
pair had examined datx on maring oFgan-
isms that had become extinct over the
past 250 milfion years, a list of about 3,500
famnilies that incloded an estimated quar-
ter of & million different species.

Through intricate siatistical gymnas-
1, Lhe two scientists found thal most of
the dyings fell inio a8 many a4 & doven
| events of varying severity, some of which
| had previously gone unrecognized as be-
| ing mass extinctions at all. Then the kick-
| er: e catastrophes were separalad by pe-
| rinds of 26 million years. Though many
scientists were skeptical, the Chicagoans
did receive crocial support from one ex-
pert. Erle Kauffman, & palechiclogist st
the University of Cokorado in Boulder,
anncunced Uhat he had wsed advanced ra-
| diometri techaiques o date sl froma
§| handful of midsios extinctions bn the Cre-
taceous period and found them 1o be, yes,
¥ 26 million years apart
i The implications were compeling
| Mo earthly phenomena, no Vesuvian
M eruptions, no swelling sexs, no kot apes
:| could explain the regularity. Eyes turned
¢/ heavenward. As Raup and Sepkoski de-
clared in their paper on the subject, “We
favor extraterrestrial canses.” It &d not
take lang for skygazers, ever 0 imagica-
tive group, 10 begin coming up with candi-

dates. Becamse rescarchers could nof i
| vent & convincing celestial event Lhal
S would periodically disturb the nearby belt

i ‘ofmuidslhaiair:k the sun between

the orbits of Mars 2nd Jupiter, atiention
turned to switer and icier astronomical
travelers, the comets.

Among the first cyclic mechanims
considered was on already familiar 1085
tronomers: the sun's undulating rouie
around (he crowded Milky Way galaxy,

| an jsland of some 100 biltion mm:ht
- frecting thi fow . ~ | Milky Way is shaped something Like 2
l&mwm. T object muat be directing the flow of raff sy e.p 55, 00000 Sghiyean
| oofar apert oshare asy meaningful con- | basin in northeastern New Mexicn. Addi- | diameter, with 2 bulge (the yol) i e
| section, Besides, be 2eked, whyshould the | vonal analysis showed that the sumples | middle and three flat, dusty arms ithe céd
mammals have survived any Cretaceoes | contained ratios of gokd and platinum near- | white) forming a circle 2roand it. Likeall |
castrophe? Says he: “Tf you're going | ly identical 10 Lhose found in meteorites. its Sellow stars, the wm revolves around
1o bave & muclear wisker iliing of the | Furthermore, other sediment layers con- | the galactic center, aking about 250 mik
dincsaurs, why didn't it kill o everything | timing aboormally high amountsofinidinam | lion years to complete a xumd trip. As i
else?” were discovertd under both the Caribbean | moves, it bobs up and down through (he

Richary lafier scamming the szt sky at She Leschaer Observatory. ls Neaesis there?

| impastwas rapidly socumulating Other pe- | were depasited around the time of  smaller | the stars and dust clouds are concentral:

| ologists uncovered similar iridium deposts mass extinetion that occurred more than 30 ‘ad. Says Michae! Rampino, a geologist
bove Cretaceomsock b fioor | million years ago, 8t the ead of the Excens | with the Goddard Institute for Spact

| Studies fn New York City: “It's ke l

Eﬁk Athantic Ocean and under the Ruton | epoch. In addition to the iridium anomaly,

Noscteis, hevideneinivrofn { S ad the G of Miexor, tese yen ceatral place of the gatsxy, where mostof |

horse on 2 merry-go-round " Stynificant.
Iy, the sun and its accompanying planets
It e dustiest sections once every 33 mil- |
lion ‘years or 0. 1 figore that docs not
quile jibe with the apparent extinetion cy-
cle of 26 million years bul isat least within
the margins of atronomical and peologi-
cal error

Sniffing a connection. Rampina £nd 3
Goddard colleague. Astrophysicist Rich-
ard Stothers. among others, proposed an
ingenious way that the cscillating journey
might irigger bombardmenis on zarth
Whenever (he sun passes Lhrough the
Milky Way plane. they suggesied. the
swirls of dust it encounters would gravita-
tomally disropt the Oort cloud. a vast bub-
ble of comets that scientists believe sur-
rounds the solar system at a distance of up
10 10 tnillion miles from the sun. Like &
lery fruit picker shaking plums from &
Irée, the dust would sead thowers of com-
e1s falling toward the sun. Some comets
would collide with the planets. including
the carth Almost immediately, other
lentisis began tearing the Ramping-
Siothers model apart. First of all, they
said, the sum s pretty close 1o the middle
of the galactic plase right now, and y2
there hias been no major extinetion occur-
tence for millions of years ((he last one
apparently took place 11 million years
440, wiping oul some marine protozoans
and mollusks). More damning still. Physi.
cist Patrick Thaddeus, also of Goddard
pointed out that dust clouds are so widely
distributed Urat the Qart cloud should be
tacountering them practically all the
ime, not just once every 33 millicn years:
some of the numbers his colleagues used
In their calculations, he says Ratly. are
"8l the wrong numbers.”

mong the vanous astronomen
A who considered and prompily re-

eted the gl carrousel no-

thon was Calfornia’s Muller 2 i
entist obsessed by periodicity. 17 familiac
cosmic mechanism could nol sccount, for
the eyclic nature of extinciions, be decided
something completely different would have
i do. During Christmas break im 1983,
Muller and fellow Astronomers Marc Da-
v of Berkeley and Piet But of the Instiiuie
for Advanced Sudy in Princeton were
bealnstorming about stars and periadicity,
when Muller noted that more than half the
sars in the galaxy are thought 1o be bina-
s {uaimy of stars thal orbit 2 common cen-
Ter of gravity}, Suppose the sun has 3 com-
panion, he mused, and thet companion

o
_ of e mysterom Planet
| To loase the rain of comers and justify the meanderings of Uramus,

s Diamed Whitzeirs plotting the probable
W somehow disrupling (he solar system'y f

xer0id bell. Trouble was, be conceded, he
could nol come up with a convincing orbit | terpart. if it exisied, woud have lo be like | through the Gon ciowd, it would dislodg
o the companion, Suddenly the Duich- | no ather companion star ever identified: it | billicn or more comets. Muler, search
0 Hia intermupled him with an alterna- | would travel inan enormous effiptical orbit | for an appropriale name for the
tive suggestion: Why not make the com- | three light-years across that would periodi- | companion, considered several But
Penion it trave] through the thickest part | cally take i farther from the sun than the | one that suck was Nemesss, (he Gn
of the comet.filed Oort cloud. rather than | distirice belween iny known binary stars. | goddess who punishes the proud.

the 1eteroid beit? Muller immediately saw | Because it has not been identified in the Before publishing their report, Mu
1 it problems he had had with aeler- | four centuries since astrooomen: began 1s- [ decided 10 et 2 second opinion from
O 3 ppeared when he substituled com- | ing telescopss, |t must be very small and | fathers of the impact theory, Luis ¢
Si5a5 1he culgrits. As ha recalls. "We wrote | dim, perhaps 5 red dwarf with one-thid l Walter Alvarez Neither conferred
D¢ frst drfy ofour paper thatday* | the mass und cnly oo cne-thousandih the | benediction on the hypothetical sar,

The three reajized thal the sun'scoun- | beillince of the sun Whea it passad | Walter recommended one vay tha
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were skeptical, **’the Chicagoans did receive crucial support from one expert. >*Erle
Kauffman, a paleobiologist at the University of Colorado in Boulder, announced ®hat
he had used advanced radiometric techniques **to date fossils from a handfu) of midsize
extinctions in the Cretaceous period **%and found them **to be, yes, 26 million years
apart.

**The implications were compelling, >"No earthly phenomena, no Vesuvian eruptions, no
. . . - <
swelling seas, no ice ages could explain the regularity. SgEgzes turned heavenward. ***As
Raup and Sepkoski declared in their paper on the subject, *™We favor extraterrestrial

causes’”.




Appendix: page 34
Popular Science: Mail & Guardian

Matthews, Robert (1999) Why dinosaurs won’t go away. Mail and Guardian. November
Sto 11,1999, 23.

"*Discovering the fate of dinosaurs is the hot topic in palaecontology right now — '"at least,
it is among (hose who don't see it as another source of trivialisation of their subject. *The
fact that no single, sure-fire way has been found to get nd of dinosaurs is perhaps the
most telling tribute science has yet paid them.

Hardly a week goes by without some new theory for zapping the dinosaurs hitting the
headlines. “A few years back, it was death by volcanic eruption. “By throwing huge
amounts of dust into the atmosphere, these could have blotted out the sun’s light, *killing
vegetation *“and thus trashing the food chain. ®Since then we have had death by genetic
changes, death by continental break-up, and, most famously, death by meteor impact. ’An
impact between a very big rock and a hard place at something like 96 000kph, unleashing
the violence of 10-million hydrogen bombs. **That ought to have sorted the big oafs out,
¥you would think. *But no.

102 (10b)

Most nght-thinking palaeontologists todagf do not believe that even this
monumental impact was enough, by itself, '"to knock T-rex off his perch. ''Instead, they
subscribe to the theory of death by all of the above: a multiple-whammy of volcanic
eruptions, genetic and geological changes - with a meteor-impact chaser.

'2Academics would naturally prefer that the explanation of the extinction of the dinosaurs
were simple. ’Indeed, there are those who insist there is only one explanation (namely
their own). "“But there is one last, humungous fact standing in the way of all one shot
kills all theories.

*Dinosaurs were the dominant life form on this planet for 160-million years. **During
that time - 40 times longer than anything approaching humans have been around -
dinosaurs had seen it all. '"Climatic upheaval, shifting continents, volcanic eruptions
meteor impacts? '*‘Been there, "*’survived that. "Only the incredibly rare event of
several global catastrophes striking all at the same time could finally do the dinosaurs in.
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Why dinosaurs won't go away

Dinosaurs were vicious, stupid and doomed. Why
then, usks Robert Matthews do the terrible
lzards still fascinate us more than 65-million
years after they were wiped from Earth?

oud, gormless and likely to

bite your head off: dinosaurs

were just made for a suc-

cessful light entertainment
show. And thus it has proved, with
zudiences of Yd-million plus
watching the BBC's Walking with
Dinosaurs series, now showing on
South African television,

Thewonder is thal it has taken the
BBC s0 long to realise the audience-
boosting abilities of dinosaurs. For
if there is one sure-fire way of get-
ting millions of people to drop what-
ever they are doing and come run-
ning, #1 is by bringing T-rex and his
friends up close and personal

Jusi ask Steven Spielberg: his 1923
spectacular Jurassic Park made him
more than £350-million. And he was
only doing what that Victorian arch-
popularist, Sir Arthur Conan Doyle,
had done with the original dinosaur
blockbuster, The Lost World. It s a
fascination that transcends cultures.
The 1454 im Godzilla: King of the
Monsters was a smash in both Japan
and the United States — and spawned
no fewer than 14 sequels.

The British are particularly in
thrall to the beasts: Jurassic Park
made more than £47-million over
there. But then the British were also
the first to learn the awtul truth that
st les &t the centre of all dinoma-
nia; that despite what we might
think, humans are not The Greatest
Creatures That Have Ever Lived.

The first hints of this humiliating
little fact surfaced about 300 vears
ago. Someone in Oxfordshive dugup
a huge bony object which ended up
in the possession of a Professor
Robert Plot of Oxford University

The specimen bore some similar-
itdes 1o the Jeg bone of a cow — but
judging by #s size, 4 cow whose ud-
der could only be reached via a
stepladder. Unable Lo come to any
reasonable conclusion, Professor Plot
came (o an unreasonable one: the
bone had come {rom a long-dead
human glant. Which is two-thirds
correct — and the bit he got wrong is
telling

For the assumption that the
bone must be human s 2
straight-line deduction
from the assumplion

that humans have ¢ .
S~

been, and always have been, the
greatest

Not until the 19th century, when
entire skeletons had beon unearthed
from many siles across Europe, did
the truth become inescapalble.

Some time in the distant past,
colossal reptiles had rampaged
across Britain, By 1842 these mon-
sters had been given that most fa-
mous of taxonomic monikers: él-
nossur. from the Greek for terrible
Hzard,

The revelation of their existence
came with a rider: they don't exist
anymore. Like Percy Shelley's Ozy-
mandias, dinosaurs were apparently
once-powerful and unchallenged
rulers of the world — and now they
are gone

Evolutionary biologist Stephen
Jay Gould has argued that the fact
that they are no longer around lies at
the heart of their appeal. Attempting
to explain our fascination, he writes:
=1 know of no better response than
the epilome proposed by a psycholo-
gist colleague: big, fierce, extinct —
in other words, alluringly scary, but
sufficienly safe
of course, far more
attention been devoted Lo un-
ravelling 1.11(! science of dinosaurs
than to u tanding their place in
OHIr consclousness

As the American scholar WJT
Mitchell put jt: "What we do not yet
understand is the cultural function of
the dinosaur, Jts strange, chameleon-
like siatis as a sclentific wonder,
a children's toy, a corporate
Ipgo, & voracious monster
a civic monuwment. and
A synonvin for obsoles
cence.” the last
of these roles that .
seems lo a

The lost world: The BBC's series, Walking wilh Dinecaurs, brings
T-rex and his friondy up cloare and personal

represent a paradox
dinosaurs remain so popu
they are frequenty used as
of fallure 10 adapt?
"To be called a
dinosaur in a rapid
Iy changing. com
petitive
economy
Iy a presorij
for comumerc
attract
ness. noles
Mitcheil
If the
appeal of
dinosaurs
is tied up
with  the
salutary im-
age of raw
power sudden-
1y extinguished,
then the makers
of Walking with Di-
nosaurs have hit the nail
on the head, sparing no
expense (0 expose us o
both the wriumph and
tragedy of the fer-
rible lizards. They
have twigged that
it does not mat-
ter how many
times you hear
about dino-
saurs, there is
still something
even more aw-
ful about them
you haven't
heard before
An example is
the episode about ma-
rine dinosaurs. When it
started. no doubt most of the mil-
lions wuming in felt safe in the knowl.
edge that T-rex was the biggest car-
nivore ever seen on Earth. Within the
first 60 seconds, they had been spec-

market

tacularly disabu
They saw the ¢ .
little beacheombing dinosaur In the
Zitem aws of Hopleurodon, the croc
adile from hell. The beast downed its
vielim like 2 bit af sushi before van
ighing back beneath the waves
Weighing more than 100 1or
pleurodon really is the largest cz

h.z“'i..f\
hear n auu:ié of
moulding machines cranking into
action in na right now, trying to
catch the Christmas doemand for
plastic lopleurodons

Inevitably, there are those who
think that the makers of the series
have gohe over the top with all the
flashy animatronlcs, computer graph-
ics and exotic locations. Hardly had
the show begun in Britain than aca-
demics were starting 1o roll thelr eves
at some of the Horid Attenborough-
ese in Kenneth Branagh's volceover

It is a eriticism that series pro
ducer Tim Haines sees as typical of
academics who can't sce the
e members of the genus Larix

Yez, of course there {8 some guess-
work in the imagery on screen, admits
Haines. But scientists do not — and
perhaps never will — know everything
about dinosaurs. So should we all sit
quietly until the Gradgrinds of acad-
eme decide when we should be per-
mitted to be thrilled?

Haines can call on Impressive
academic support for his contention
In the middle of the last century the
eminent Victorian naturalist Richard
Owen, the man who coined the word
dinossaur, had a shot at recreating the
monsters of which only bones had
been found. His life-size concrete mock
ups were soon shown to be sclen-
tifically inaccurate — but they c"-‘dl
ed a sensation which rever
this dax Shown at the Great

You can almas

tion of 1851, they drow huge crowds,
and even made the pages of e Jilus-
frated London News, which reporied
how a dinner party ha dh-:-r n hﬂld in
the hollow body o 3

Professionzal palacontolog
wince at such stunts, but the fa
that it is the vulgarian models of
fighting dinosaurs that bring in the
dosh at the museums where they
work — not the cabinets of bone
shards,

But there is another reason for
constanthy plaving up the monuwmen-
tal size and power of dinosaurs. Ata
time when bouffant-hatred men with
braces call themselves masters of the
universe, il seems Important to know
what the real thing looked like — and
to wonder what did for them

Discovering the fate of dinosaurs
is the hot topic in palaeontclogy right
now — at least it is among those who
don’t see it as another source of
trivialisation of their subject. The
fact that no single, sure-fire way has
val been found to get rid of dinosaurs
is perhaps the most telling tribute
science has yet paid them.

Hardly a week gons by without
some new theory for zapping the
dinosaurs hitting the headlines. A
few vears back, a favourite thoory
was death by volcanic eruption. By
throwing huge amounts of dust into
the atmosphere. these could have
blotted out the sun’s light, killing
vegetation and th rashing the food
chain. Since then we have had death
I hanges, death by conti-
and, mos! fnmously,

crnrleu I]‘L big cals cut, you would
think. But no

os! rght-thinking palacon
dao nat be

be to the theory of rin.t
above: a muluple-wham
ic eruplion

e‘.mrle'u]c'-. would

naturally pre
fer that the explanation of the ex
tinction of the dinosaurs were sim
ple. Indeed. there are still these who
fnsist there is oply one explanaton
(namely, their own). But there isone
last, humungous fact standing in the
wav of all one-shol-kills-al! theories

Dinpsaurs were the dominant life
form on this planet for 160-million
vears. During that time — 40 times
longer than anything approaching ho-
mans have been around — dincesaurs
had seen it all. Climatic upheyval. shilt-
ing continents. volcanic eruplions,
melecr impacts? Beon thore, survived
that Only the incredibly rare event of
several global catastrophes striking all
at the same time could fina'ly do the
dinosaurs in

Mo doubt the Walking with
Dinosaurs team has gol some spec-
tacular special effects lined up to
show that the fate of terrible lzards
was suitably terrible No doubt fr will
make some academic seethe. Bul for
the rest of us.t will allow us to
savour the final. thrilling frisson in
our relationship with these long-dead
monsters: their dreadful testimony
that. in the end. we're all dead.

Catch
SABCSon S' nan vial & °';an
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Benton, Mike (1990) A/l About Dinosanrs Kingfisher: London, 42-43.

'"What happened?

*Sixty-six million years ago, the dinosaurs died out. *We are not sure why this happened.

“At one time, scientists thought that “°the early mammals ate the dinosaurs’ eggs. >*But
dinosaurs faid a lot of eggs *"and their eggs were big. $So how could those little mammals
have eaten ali of the eggs? .

’Another idea is that the weather got colder and the dinosaurs could not survive through
the icy winters. *But this change of climate may have taken thousands or millions of
years. °So why didn’t the dinosaurs get used to the cold?

'%“Some scientists think that '*a giant meteorite ten kilometres wide fell from space
"“and hit our planet. ''*The great explosion sent clouds of dust around the Earth '"®and

many animals died out within a few days.

"But crocodiles, frogs, birds and mammals did not die out. '*These animals are still here
today.

"*"No one knows which s the right answer.
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Sixty-six million years ago,
the dinosaurs died out, We
are nof sure why this hppened.

At one time, scientists thought
that the early mammals ate the
dinosaurs’ eggs. But dinosaurs
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were big, So how could those
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Some scientists think that o
giant meteorite ten kilometres
wide fell from space and hit our
planet. The great explosion sent
clouds of dust around the Barth
and mony animals died out
within o few days.

But crocodiles,frogs, birds and
mammals did not die out. These
animals are still here today,

No one knows which is the right
nswer.
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DK Direct Limited (ed.) (1993) The Dorling Kindersley Picturepedia: Dinosanrs.
Dorling Kindersley: London, 46-47.

'Death of the Dinosaurs

*We can tell how old dinosaur fossils are ** by looking at the age of the rock they were
found in * From this, we know that *the last of the dinosaurs died out about 65 million
years ago. ‘But we can only guess why this happened “Perhaps a huge disaster wiped
out all the dinosaurs in one go, *or they may have become extinct over a very long time.

°Rock Solid Proof

"The rock on the Earth’s surface is formed in layers. ®*The deeper the layer, the older
the rock. *No dinosaur fossil has been found above the layer that formed 65 million years
ago. '"This proves the last dinosaurs died this long ago.

""From Outer Space

'2250me scientists believe that 1*°a huge asteroid crashed into the Earth at the end of the
Cretaceous Period. Possible evidence for this has been found in Central America in

' Yucatén. "The huge impact of the asteroid could have spelled doom for the dinosaurs.

126

(ar; ow pointing o picture of asteroid going fowards Earih)
“The asteroid may have hurtled towards Earth at about 241,350 kilometres per hour.

What a hole ]
Smemlsts now think '™an asteroid hit Farth at the end oflhe Cretaceous period, '
makmo a crater in Yucatan that was 180 kilometres wide. '*This photo shows a similar ‘
crater that was made by an asteroid in Arizona |

“Finding Proof |
2The asteroid crushed rock in the Earth’s surface *as it hit Yucatan. *' Shocked quartz
has been found at the crater site. ““Iridium is a rare metal, found in asteroids. > There are
| high levels of iridium in the rock that contains the last dinosaur fossils. |

(m row pom/mg to illustraiion of asteroid hitting Earth) l

*The disaster would have set off a oham reaction. ***400 million, million tonnes of rock

and dust blocked out the Sun’s light **®and the temperature dropped to -10°C. *Acid rain
fell on the dinosaurs.

"’Slow change
**Dinosaurs may not have disapggeared overnight. **The world’s climate could have
cooled over nnlllons ofyears slowly kitling off the dinosaurs **New plants grew in

this colder climate. *'The warm jungles that covered most of the dinosaurs® world stowly |
turned into cooler forests.
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STywild guesses
Many theories try o explain the death of the dinosaurs. **Some are more unlikely than
others! **Perhaps peckish mammals ate their eggs. *®Or perhaps the dinosaurs were

poisoned by new, nasty plants. *’But no single theory can explain what really happened.

*The survivors
Life on Earth did not end with the death of the dinosaurs. “*’Birds, mammals, reptiles
and amphibians are some of the animal groups that survived, ""Pand are still around today. |

¢



Children’s Science:

Appendix: page 42
DK Picturepedia

[~NDEX
A

Africa 14, 15
Albertosaurus 29
Allosaurus 29, 38
America 14
ancestor 8, 39
ankylosaurid 30
Ankylosaurus 30
Apatosaurus 22
Archaeopteryy 45
armour 30
ormature 19
orthrits 37

Asia 14, 15
asteroid 46
Ausiralia 14, 15

B

Bagaceratops 39

Barosaurus 14, 20, 22-23

Barvonyy 10-11

Bavarisourus 26

beak 24, 25,37, 41, 44

bird 6, 33, 45

bird-hipped 9, 24

blood 20

body temperature 39

bone plates 30

Brachiosaurus 14, 20-2),
22, 38

brain 27, 28, 32-33

Buckland., William 12

C

Camarasaurus 22

cannibal 29

carnivore 30

carnosaur 28

Centrosaurus 39

ceratopians 39

Ceratosaurus 9, 29, 39

China 12

clow 26

chmate 10, 23, 47

Coclophysis 29

cold-blooded 39

Compsognathus 9, 26,
38, 39

conifer 23

Corythosaurus 21, 34-35

Cretaceous 8, 9, 10, 11, 14,
42, 43, 46

Crusafonua 6

Cryptoclidus 43

¢yead 23

D

Dcinonychus 7, 21, 26-27
Dilophosauyvs 8, 29
Dimorphodon 44-45
Diplodocus 9, 18, 31
dragon 12

dragonfly 10
dromaensaurid 26
Dromaeosaurus 26
duckbill 28, 34, 33, 37

E

Edmontosaurus 25

eag 6, 36, 4)
Elasmosaurus 43
England 10
Euoplocephalus 9, 30-31
Eurhinosaurus 43
extincoen 43, 46, 47

F

femur 13

fern 23, 24

fish 6, 10, 11, 44

flowers 11, 25

foorprints 17, 41

fossil 10, 11, 12, 14, 15,16,
17, 18, 19, 21, 30, 36, 42,
45, 46, 47

G

Gallimimus 40-41
gastroliths 22

H

hadrosaur 21, 28

hatchling 37

heart 20

Herrerasourus 8

Herterodontosauruos 8, 25

hibernarion 15

horsctail 24

Hyioeosaurus 30

Byvpsilophodon 15, 21, 25,
31, 40

I

Ichthyosaurus 42, 43
Iguonodon 9, 24, 31, 34, 37
jlium 13

iridium 47

1schium 13

yaws 11, 24, 25, 28, 30, 39

jungle 10, 47

Jurassic 8, 14, 24, 38,
42,43

K

Kentrosaurus 15

L

1.0gosuchus 8
Lambeosavrus 35
lizord 13
lizavd-hipped 9, 13
Longisquama 45
lungs 19, 20

M

Moiasaura 19, 36-37
Mamenchisaurus 22
mammal 6, 33, 39
Megalnsourus 12-13
migration 15

monkey puzzle ree 25
muscles 20, 41, 44

N

nesting site 19, 36, 37
nothosaur 42
Nothosaurus 42

O

Ornitholestes 8
Qvirapror 37
Owen. Richard 12, 13

P

Pachyeephalosawrus 7,
34
Parasauralophus 35
Peloneustes 6
Pistosqurus 42
placodom 42
Placodus 42
Planocephclosaurus 6
Plateosavrus §, 14
plesiosaur 42, 43
Pliosaurus 42-43
predaror 21, 31, 35, 42
Provoceratops 39
Pieranodon 44
Prerodausioro 45
plerosaur 44, 45
pubis 13

Querzolcoatus 44

R

repdle 6, 7, 8, 22, 28,
33, 42, 43, 44, 45
ribcage 19, 20

S

Sahasourus 9
Saurclophus 35
sauroped 20, 21, 22, 23,
24,37, 40

scale 6

Scaphognathus 6
Scolosaurus 21

shocked quortz 47

skin 17, 2]

skull 27, 28, 31, 43
small intestine 20

snail 11

Scuth Pole 15

spike 31

spine 20, 31
Stegosaurus 6, 9, 31, 32-33

- Stenonychosaurus 26, 32

stomach 19, 20, 22, 29
‘Supersourus’ 38

T

wail 20, 30, 31, 33

tail ¢club 30

Tanystropheus 6

Tarbosaurus 29

reeth 22, 24, 25, 28, 29,
30, 44

Tenontosaurus 27

thumb claw 24, 31

Triadobetrachus 6

Triassic 8, 14, 42, 45

Triceratops 6-7, 9, 14, 31,

39, 41

Troodon 32
Tuonangosaurus 135
turtle

Arclielon 43
Leatherback 43
Sea 43

Tyrannoscurus rex 7, 8, 9,
28-29, 30

V

vepetarian 22, 28
Veinciraptor 26

W

warm-bJooded 39
windpire 34
wingspan 44

Y

Yucatan 46, 47

49
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(FL0SsSARY
Asteroid A rock or metal

object thar orbits the Sun
like a planet.

Bird-hipped Bird-hipped
dinosaurs had hips rather
like birds. The dinosaurs in
this group were vegetarians.

Carnivore An animal
thart eais the flesh of
another animal.

Carnosaur A big
meat-eating theropod.

Cold-blooded Animals
which depend on the Sun’s
heat to keep their body
remperature level are
‘cold-blooded’.

Conifer A tree with cones,
for example a pine or fir.

Cretaceous The last
period of the dinosaur age.
It started about 140 million
vears ago, and ended about
65 million years ago.

Cycad A stumpy plant
similar to a palm tree, which
was very common during
the dinosaur age.

Dinosaur A reptile that
lived on land and walked
with legs tucked underneath
its body. The dinosaurs
appeared in the Triassic
Period. The last dinosaurs
disappeared at the end of
the Cretaceous Period.

Evolve All living things
evolve over time. They
change very slowly over a
series of generations, 10
adapt to their environment.

Extnction The death of
a whole group, or species,
of animals.

Fossil The preserved
remains of seomething that
was once alive.

Gastrolith A stone
swallowed to pound up food
inside a dinosaur’s stomach.

Hibernation Some animals
fall into a deep sleep during
the cold winter months to
save energy. This is called
hibernation.

Ichthyosaur A swimming
reptile, very well adapted 10
life at sea.

Iridium A rare chemical
element, found in meteorites
and in the core of the Earth.

Jurassic The middle period
of the dinosaur age. It
started about 200 million
years ago and ended about
140 million years ago.

Lizard-hipped
Lizard-hipped dinosaurs
had hips rather like those
of modern lizards. The
group included vegetarians
and meat-eaters. [t was
one of the two main
dinosaur groups.

Mammal Mammals are
warm-blooded. They
breathe air and feed their
babies on milk. During the
dinosaur age, all mammals
were very small.

Migration The regular
movement of animals from
one place to another to find
food or escape cold weather.

Placodont A turtle-like
reptile of the Triassic seas,

Plesiosaur A sea repiile
that used flippers 1o swim.

Pterosaur A flying reptile
that lived at the same time
as the dinosaurs, but was
not a dinosaur.

Reptile A cold-blooded,
egg-laying animal,
covered with scales. Some
prehistoric reptiles may
have been warm-blooded,
like the flying pterosaurs.

Sauropod Long-necked
and long-tailed giant of

the Jurassic and Cretaceous
Periods.

Theropod A meat-eating,
lizard-hipped dinosaur.
Most theropods stood
upright on wo legs.

Triassic The first part
of the dinosaur age. It
lasted from about 245 to
200 million years ago.
The first dinosaurs
evolved during the
Triassic Period.

Warm-blooded Animals
that can control their body
temperature inside their
bodies, without depending
on the Sun for constant
heat, are warm-blooded.
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P«3C~Te U*RsEr P2E+*Del~A
NOTE TO PARENTS

This book i1s part of PICTUREPEDIA, a completely
new kind of information series for children.

Its unique combinauon of picrures and words
encourages children to use their eyes to discover and
explore the world, while inroducing them to a wealth

of basic knowledge. Clear, swaightforward text

explains -each picrure thoroughly and provides
addidonal informanon about the topic.

‘Looking it up’ becomes an easy task with
PICTUREPEDIA, an ideal first reference for all types of
schoolwork. Because PICTUREPEDIA is also entertaining,
children will enjoy reading its words and looking
ar 18 picrures over and over again. You can encourage
and stimulate further inguiry by helping your child
pose simple questions for the whole family to
‘look up’ and answer together.
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Johnson, Jinny (1996) Prehistoric Life London: Marshall Publishing Ltd., 22-23.

"What went wrong?

2"When dinosaurs became extinct at the end of the Cretaceous pertod, 65 million years
ago, 5o did a number of other groups, such as pterosaurs, marine plesmsaurs and many
tiny forms of sea life (plankton). *But not all living things were affected. “Fish,
crocodiles, turtles, birds, mammals and most flowering plants manaoed to survive
unchanged.

*Because these extinctions happened 65 million years ago, >’no one knows whether they
took place over several hundred thousand years, a few thousand years or within a century.
%Some scientists think that ®dinosaurs, and other groups that became extinct, were
becoming less numerous and varied for several million years before the final extinction.
"*They believe that °the climate may have become cooler, "“perhaps because the seas
were draining back from the continents “and because the many volcanic eruptions at the
time were throwing up great quantities of dust into the atmosphere.

Capnons of 3 illustrations on page 22:
*The huge impact of a large meteorite would have caused earthquakes and tidal waves as
well as dust faliout.

’The Yucatén area of Mexico may have been the site of the meteorite impact.

"°This meteorite crater is 1.2 kilometres wide. '’ The Cretaceous meteorite could have
made a crater 150 times this size.

Meteorite impact

"But there is also evidence that a great meteorile, measuring some 9.5 kilometres across,
struck the Earth at the time of the Cretaceous extinctions. '*A huge crater that could have
been caused by such an impact has been found near the north coast of Mexico. *Rocks
all over the world laid down at that time contain unusual minerals which could have
come from the material of the meteorite, thrown up into the atmosphere after the
enormous impact.

"' This debris could have darkened the skies for many years, '*’causing a long, cold
winter. "Many of the plants, both on land and in the sea, would have died from lack of
tight. "*Then the plam- -eating dinosaurs died in their turn, followed by the camivorous
dinosaurs that ate them.

“Greenhouse effect”

*Even after the thicker dust had settled “and the long winter ended, 2*the atmosphere
would stil] have contained a lot of finer dust from the rocks thrown up by the force of the
impact. '*These would have caused what scientists cal) a “greenhouse effect”, *'®making
the climate much hotter. **These two climatic changes would have caused very rapid
extinctions, especially of larger animals that needed more food. **1t is possibie that both
groups of scientists are right and the dinosaurs were already becoming less successful
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before their final end, announced by the fiery glow of a huge meteor streaking across the
sky.

Captions of 3 illustrations on page 23:
*This fossilised shell belonged to a squidlike creature called an ammonite.

25 - . . R . .
Other reptiles such as crocodiles, snakes and lizards, survived the extinction, as well as
most insects, amphibians and mammals.

**Many other groups disappeared as well as dinosaurs, including pterosaurs, plesiosaurs
and other marine creatures such as ammonites.
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Taylor, David. (1993) The Prehistoric World of the Dinosaurs: Tyrannosaurus Rex
Boxtree: London, 26-29.

'"The end of the Dinosaurs?

At the end of the age of the dinosaurs, an asteroid streaked out of space *and collided
with the Earth. **The earth shuddered **and great rees crashed to the ground. “*The sun
danced in the sky ““and then suddenly was gone. ““The sky became black **and there was
the darkness of early might, >*bul N0 Moon or stars, just the glow of volcanoes. *And there
was the smell of hot dust and burning, .

A great wall of sea water swept across the marsh and femy land ™eaving behind it the
bodies of dead tustles fish and sharks. ¥*Siowly the air grew colder ®and gradually those
creatures still alive began to die. **Only the Jittle scuttling mammals, that had been
hiding underground when disaster struck, emerged from their holes *to root for food in
the wasteland.

o INustration dead dinosaurs sharks and turiles and living mice in a devastated landscape
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At the end of the age of the dinosaurs, an asteroid streaked out of space and
collded with the Earth. The Eath shudderedand great trees crashed tothe .~ RS
ground. The sum danced in the sky and then suddenly was gone. The sky Decame 3 |
ack and thee was the daroess of eatly nght, but no moon or stars, just the ¢ i
glow of volcanoes. And there was a smel of hot dust and buming
A great wal ofsea water swept acrossthe mrsh and femy land leaving i
behind i the bodies of dead turtles, fish and sharks. Slowly the alr grew colder i
and graduall those creatures still alive began to die; Onlytﬁéﬁtﬂe scuttlmg B

mammals, that had been hiding undereround when sasterstruck, emerged i
from their holes to root for food in the wasteland,




Appendix: page 50
Children’s Science: Tyrannosaurus rex

“Impact

" Asteroids are lumps of rock in orbit round the sun. *There are literally millions of
them, some no bigger than an aPEle, others 20kms in diameter. "**Should the orbit of an
asteroid cross that of the Earth *as it, too, moves around the Sun, B33 collision is
possible. '“Because these picces of space junk travel at about 80,000 kph, “*the effect of
the impact is devastating. *>An asteroid 100 metres in diameter would blast a crater 2 kms
across and 100 metres deep - similar to the hole created by just such an event 40,000
years ago in Arizona, USA. 1% Asteroids 1 km across hit the Earth on average every
100,000 years'® while giant ones, 20km across, hit every 10 to, 100 million years or so.

B illustration of an astercid exploding and a large crater

""The end of an era

"®There are many theories ***about why the dinosaurs died out. "*All the altemative
theories have their weak points, '*’and the arguments continue. *Some of the theories are
|as follows:

1. ¥*The dinosaurs starved to death >’*because moth and butterfly caterpillars ate most
of the vegetation

“The mammals fed on dinosaur eggs

BThe dinosaurs were poisoned by some of the new kinds of plants that evolved.
“There was an epidemic

The gradual warming of the Earth caused cataracts that affected the eyes of the
dinosaurs and blinded them.

6. **The dinosaurs died because of the intense radiation coming from outer space.

'J\_J}-b)l\.)

“"The dark of night

***There would have been an unimaginable explosion ~**as the asteroid landed ***and was
blown to smithereens. A pall of dust would have been cast up into the atmosphere that
would have persisted for months. *“Darkness would have descended on the land *®and
plant life, denied sunlight would have died, followed shortly by the animals that fed on it

and, in tumn, by the predators that fed on them.
x IHustration with the caption” Did caterpillars eat all the vegetation?

& Ilustration with the caption: Did mammals like Megazastrodon eat the dinosaurs’ eggs?
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Biochemistry Practical Report:
Column Chromatography

[ntroduction

A Russian botanist, Tswett, first used chromatography to describe the separation of coloured plant pigments
on a column of alumina, hence the meaning of the word, “coloured writing.” :

Chromatography is a technique used to separate compounds according to their size, shape. mass, charge,
solubility and absorption properties. There are many different types of chromatography, each of which
separates compounds according to different physical properties. However, all types of chromatography
involve interactions berween 3 components: the mixture to be separated, the solid phase and the solvent. It is
important to note that not 211 compounds behave as expected in theory, but trial and error must be employed to
find the best method for separating each rype of compound.’

Column chromatography i1s a common method for separating biochemical mixtures. Usually long, narrow
columns are used since they show the highest resolutions, but when large samples need 1o be fractionated,
short. squat columns may be used to speed up the fractionation, and because they can hold greater quantities
of sample. Columns are usually made of glass, but may also be made of plastic or steel.

When pouring the column, it is filled to about one-third with the solvent. A slurry of the packing material is
then carefully added by pouring down a glass rod to prevent air bubbles being trapped in the column.! 1t is
allowed to sertle before running off the excess solvent and the process is repeated vntil the column is the
required height. The packing material must be thoroughly washed with the sclvent to remove excess particles
which may run down with the sample to be fractionated and contaminate the results. The level of the solvent
is kept just above that of the packing material to prevent it hardening in the column.’

The sample is then pipetted onto the surface of the column taking care not to disturb the packing material. A
test tube is placed below the column and the tap at the base vpened. More solvent is pipetted or svringed into
the top of the column to ensure that as sample and solvent elute. the column is never left dry to harden. The
test tubes are replace periodically to ensure a spread of the molecules being separated and each fraction is
analyzed and an elution profile prepared.

Separation of serum proteins by ion exchange chromatography

lon exchange, which separates biochemical compounds on the basis of their charge, is one method of column
chromatography.

Resin beads, which have a very high charge density, are used for removing incrganic cations from water.
However, they have a tendency 1o denature most proteins. Therefore porous matrices, such as cellulose.
d‘extrans, agarose or polyacrylamide, substituted with a Jow number of suitable isonable groups, are used for
biochemical purposes so as to retain proteins. In this practical DEAE-cellulose is used. i} ’

In DEAE_-cellu]c_>se, substituted quaternary ammonium groups (diethylaminoethyl — CH,CH>N"H(C,Hs), )
are chemically linked to cellulose fibres. Since these groups have a positive charge they allow the DEAE-
cellulose matrix to be a cation exchanger.’

CH,.CH;
&/

CH;.CH,— N
CH,.CH,

diethyaminoethy]
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Different molecules are removed from the column by altering the ionic strength of the buffer passing through.
This creates greater competition for the positively charged groups of the matrix and releases bound molecules
which have a negative charge. In this experiment increasing salt (NaCl) concentrations are used in the elution
buffer creating a stepped salt gradient.

Apparatus

‘CEAE-cellulose matrix (3 cm) in 20 em x | em chromatography column
Eluting buffer: 0.0) M sodium phosphate (pH 7.0)
Eluting solutions: EFlution buffer containing 0.1 M NaCl

Sheep or bovine serum
Syringes with rubber tubing attached
Test tubes and test tube racks

Wax pencil

UV spectrophotometer & gquartz cuvertes

Method

The tap was opened to allow the eluting buffer ro run out until it was about 0.5 ¢m above the bed surface.

lution buffer containing 0.2 M NaC!
Liution buffer containing 0.3 M NaCl

20 test tubes were numbered and marked to hold 3 ml. 0.5 ml serum was loaded onto the bed surface using a
syringe with rubber tubing attached, the tap opened and test tube 1 placed beneath it. More eluting buffer was
added 1o the bed surface to replace that which came out with the sample at the bortom of the column.

When test tube | was filled to the 3 m! mark, it was replaced with test tube 2. As each test tube was removed
it was analyzed for the presence of proteins with the spectrophotometer at a wavelength of 280 nm(U/V light)®.
The eluting buffer was placed in a quartz cuverte and the machine calibrated using it as a blank. Whenever
the absorbance started to decline. an eluting solution with a greater salt concentration was used 1o release
more bound protein molecules.

Results

Table” shewine The absorbance of protein contained in

the different fractions of serum using

a
spectrophotometer at a wavelenath of 280nm
Sample Number Absorbance Volume Eluted (ml) | Elution buffer used for reference

1 21300+ 3 0.01 M sodium phosphate

2 Sample missing 6 0.01 M sodium phosphate

3 0.254 5 0.01 M sodium phosphate

4 0.297 12 | 0.01 M sodium phosphate with 0.1M NacCl

5 0.442 15 0.01 M sodium phosphate with 0.1M NaCl |
6 0.341 18 1 0.01 M sodium phosphate with 0.1M NaCl |
7 0.008 21 0.01 M sodium phosphate with 0.1M NaCl |
8 -0.018 24 0.0]1 M sodium phosphate with 0.1M NaCl

9 0.116 27 0.01 M sodium phosphate with 0.2M NaCl

10 0.160 30 0.01 M sodium phosphate with 0.2M NaCl

11 0.030 33 0.01 M sodium phosphate with 0.2M NaCl

12 0.013 36 0.01 M sodium phosphate with 0.2M NaCl

15 ~___0.019 39 0.01 M sodium phosphate with 0.2M NaCl

14 0.023 42 0.01 M sodium phosphate with 0.2M NaCl

15 0.043 45 0.01 M sodium phosphate with 0.3M NaCl

16 -0.060 48 0.01 M sodium phosphate with 0.3M NaCl '
17 -0.057 51 0.01 M sodium phosphate with 0.3M NaCl

18 0.026 54 0.01 M sodium phosphate with 0.3M NacCl

19 0.014 57 0.01 M sodium phosphate with 0.3M NaCl
20 0.017 60 0.01 M sodium phosphate with 0.3M NaCl
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Absorbance of original serum
The original serum was too concentrated 1o measur
5 1imes — too concentrated
10 times — too concentrates
100 times — Absorbance = 1.3 87
- Absorbance of sample = 1.387 x 100 = 138.700

e with the spectrophotometer and had to be diluted.

Recoverv of protein from column

sum of absorbance in all the test tubes = 22.968

Recovery of protein

Chromatogram showing th 1
_ g a the absorbance of proteins from se
Only showing the absorbance of sample 3 to 20 SSRIH LB wavelongth of 2800
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“It’s probably part of the hype for
‘Meteor.”



