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ABSTRACT

The purpose of this study was to extend our current knowledge about what
happens in physical science classrooms. The focus was the context of problem
tasks. This involved the study of the situations, events and factors that relate to
the solving of problem tasks at high school in order to understand their role and
nature. THe problem tasks that were central to this study were well defined,
narrow in focus, and invariably involved the calculation of some quantity through
the use of a formula and algebraic manipulation.

The main questions that guided the study were as follows: What is happening in
physical science classrooms? What is the nature and role of problem solving within
this context? What are some of the consequences of organising teaching and
learning in this manner? How do external forces influence what happens? The
study aimed at describing the activities that the teachers and students were
involved in and understanding how they understood their own actions. An
interpretive research approach was chosen for this purpose, having as its basis a
detailed descriptive foundation using classroom observation.

Two high school science classrooms were studied in detail over a period of a year.
The data gathered included fieldnotes from over a hundred classroom visits,
extensive video and-audic records, questionnaires, classroom documents and

", Aormal 4nd informatrterviews with teachers, students and examiners. Through a

process of caréful and systematic analysis of the data, six assertions emerged.
These assertions are supported by both particular evidence in the form of analytic
narrative vignettes, quotes and extracts, and general evidence consisting of
frequency data and summary tables.

The analysis reveals that problem tasks occupied most of the teaching and
learning time, and that the students found this experience of school science boring.
Most of the problem tasks were routine in nature and of low conceptual demand.
The majority of the students were unable to solve the more difficult tasks
encountered in their tests and examinations. In addition, a significant number
could not solve the routine problem tasks. This suggests that the predominant
instructional strategies were ineffective. It was found that participants had an
uncritical belief in the efficacy of teacher explanations and student practice on
problem tasks. Further, the participants had different views of the role of problem
tasks. A significant finding was that the examination exerted a powerful focusing
influence on the classroom environment, the instructional activities and on the
problem tasks used It appeared that the ultimate goal of school physical science
was to solve these types of problem task in preparation for the high stakes
examination, rather than the learning of science.

The study has im_Pl_icaEtions both for practice and for research on the teaching and
learning of school physical science. These implications are discussed in terms of
instructional strategies aimed at promoting a deeper understanding of physical
science. In order to improve practice it is advocated that the role of problem tasks
in learning science be made explicit while at the same time new types of
instructional task need to be designed to achieve our goals for school science.



PREFACE

The work described in this thesis was carried out in the Department of
Physics, University of Natal, from January 1993 to December 1999
under the supervision of Professor David Schuster (Supervisor) and
Professor John Volmink (Co-supervisor).

This study represents original work by the author and has not
otherwise been submitted in any form for any degree or diploma to any
tertiary institution. Where use has been made of the work of others, it is
duly acknowledged in the text.

Paul Hobden
December 1999

111



v

TABLE OF CONTENTS
LIST OF TABLES vi
LIST OF FIGURES vii
ACKNOWLEDGEMENT viii
NOTES ON STYLISTIC CONVENTIONS ix

CHAPTER1 INTRODUCTION

1.1
1.2
1.3
1.4

Background and rationale..........ccoeoiiieiiiiiiiiiiie e 1
Research approach.........cocooveeiiiee oot 2
Theoretical referents ........ccoovveeieeriiiieiei e e 4
Structure of disSertation.........cccoeocviiiiiiiiiiii e 7

CHAPTER 2 PROBLEM TASKS: A CONTEXTUALISING FRAMEWORK

2.1
2.2
2.3
24
2.5
2.6

INtrOAUCTION «...eecii ettt 8
The context within which problem tasks areused................coocouvveerin. 9
Why are problem tasks used in teaching? ..................cccovviiiivieiinnn 12
Problem tasks .......ooociiiiieeeeeeeee e, 15
How effective are problem tasks as an instructional tool?.................... 18
Concluding reMATK ........ooeiiiieieiciiee e ee e 20

CHAPTER 3 RESEARCH ACTIVITIES

3.1
3.2
3.3
3.4

4.1
4.2
4.3
4.4

5.1
5.2
5.3

Fit of research design to inquiry questionS..........ocvveveeeeeeveeevoeeeee 21
Data collection procedures.............oo.ooovieeeeeeeeee oo 23
Data transformation...........occoooiviiiiooeiiee e 31
Phases of research .........ccoocoiiiiiiiciceeeeeeeeeeeeeee e 33
CHAPTER 4  WHAT HAPPENS IN JACK’S SCIENCE CLASSROOM
Contextual information ...................coccoevve ... e 35
Utilisation of teaching time..............cocoooviomoeo 38
Classroom activities...........ocooveveiovoioeieieeoeooeo 41
Classroom environment...............o.oooovoeiooveoeoe 46
CHAPTERS5  WHAT HAPPENS IN SUSAN'S SCIENCE CLASSROOM
Contextual iﬁfonnation .......................................................................... 51
Overview of year's ACTIVIEIOS ... 56
Classroom activities...........coooeioimoonioeeeoo 60

5.4



CHAPTER 6 PROBLEM TASKS AND PROBLEM SOLVING

6.1  Introduction .......cocciiiiiiiiii e 70
6.2 The place of problem tasks in instruction..............cccccoeeeeveioiieecieeen.. 71
6.3  The problem tasKs ..........ooiiiiiiiiec e 82
6.4 Teaching how to solve problem tasks............ccocovviiiiiiieii 97
CHAPTER7 WHY ARE THINGS AS THEY ARE?
T1 INtrodUCtioN .....ooceeiiiiiii it e e e e e aeaaaeeaaaeas 117
7.2 Multiple perspectives on the role of problem tasks .............ccccoeeei.. 117
7.3 A restricting SYSTemM........oouiiiiiiiiiiciie et 130
7.4 Ineffective instructional strategy ..........cccocoivviiiiiiiiiiei e 147
CHAPTER 8 SUMMARY AND IMPLICATIONS FOR RESEARCH AND
PRACTICE
8.1  IntrodUCHION . .oooeiiiiiiii e e e e e e 166
8.2 Summary of knowledge claims.......ccoooiiiiiii 166
8.3 Transforming traditional practice..........ccccoceiiniiiiiiiiniiiiiii s 169
8.4 TFINal WOTAS ..o e 174
REFERENCES 176
APPENDICES
A Concept map representing main areas of research associated with
PrODIEIMS ..ottt 187
B 1. Introduction to Natal Education Department syllabus......... 188
2. Excerpt from syllabus: Bodies in motion ..........................e. 190
C 1 Structured QUESTIONNAITE. .. . ..euiieiiiiiiei e 192
2 Analysis of questionnaire.............c.cooiiiiiii 194
D  Lesson transcript of Jack explaining..................coo 195
E  Lesson transcript of Susan using direct teaching..................... 198
F Asetof “pulley” problem tasks.............c..ooooi 200
G  Examples of problem tasks that became routine...................... 202



Table 3-1

Table 4-1

Table 4-2

Table 4-3

Table 4-4

Table 5-1

Table 5-2

Table 5-3

Table 5-4

Table 6-1

Table 6-2

Table 6-3

Table 6-4

Table 7-1

vl

LIST OF TABLES

Relationship between research questions and type
of data collected. ... .ummiiiiiieeeire e 30

Jack’s class: Order in which the syllabus topics
WeTe taAUGNT. ..o e 37

Jack’s class: Summary of how the periods were
1015 | T =Tc PSPPSRV PRPORSPRRRRIS 40

Number of problem tasks per topic and the time
spent going over them. .. ....ccccoiiiiinniie e 44

Number of students involved in interactions
over two week Period. .......ccccevviiiiiiieiiiiee e 48

Susan’s class: Number of periods for teaching
science In each terml.......cccuiiiiiiiiii i 54

Susan’ class: Order in which the syllabus topics
Were taUGNt. ....ooiiiiiiii e 54

Time allocated in syllabus vs actual time spent
PET SECLION. ..ttt 57

Comparison between time spent on activities for
a chemistry and a physics tOPIC. ......cc.uvveeiiereeeee e 60

Percentage of time spent on different teaching

activities for Jack and Susan..............oocoooeiieeieeee e 72
Number of problem tasks encountered per topic

IN JaCK'S Class. ...oooiieieei e, 76
Problem sets showing their source and frequency........................ 84
Mechanics worksheet problem tasks analysed

by format and response required.............cocoovooooooeei 87

Number of testing sessions per term in each class .................... 140



Figure 2-1
Figure 8-1

Figure 4-1

Figure 4-2

Figure 5-1
Figure 5-2
Figure 5-3
Figure 6-1
Figure 6-2
Figure 6-3
Figure 6-4

Figure 6-5

vil

LIST OF FIGURES

Map of the main areas into which problem solving
research is divided. .........ccciiiiiiriiie e 9

Schematic diagram representing the construction of
INtErpretive SUMIMATY. ...uvueeiieieieiiiiitireierreeretiiieeeeeeeeereeeeenes O 32

Diagram of Jack’s classroom .........cc.ccoveevieieeiiiiseeeceseeeieeeeeee, 38

Jack’s class: Percentage of time spent on each

of the activibies. ... e 41
Diagram of Susan’s classroom. ..........coccevveeiiiiieceeieneeiiiicee e 53
Susan’s class: Sequence of activities during two weeks................ 59
Susan’s class: Percentage of time spent on each activity. ............ 60
Problem task: A pulley problem .........ccccooeiiiiiiiiiiiei e 83
Problem task: The tent pole. ........coocoiiiiiiiereeiiiieeiee e 92
Problem task: Pendulum collision........ccccccoveeiiniiniiiiiiinnn. 94
Problem task: Ammeter..........cccooiiiiiiiiiiieiiiecie 95
Problem task: The dip and hump ......coooiiiiiirii 100



viil

ACKNOWLEDGEMENT

To Jack and Susan:

Two committed science teachers. Because of the need for privacy, I cannot cite your
real names and those of your schools and students. You allowed me into your lives,
gave generously of your time and opened yourselves and your teaching up to
scrutiny. Without your co-operation, this study would not have been possible. To
you my deepest appreciation.

To my superuvisors:

Prof. David Schuster: Thank you for the time and advice that you gave in
questioning my interpretations, focusing my ideas especially on the role of problem
tasks in teaching physics and bringing clarity to my writing.

Prof. John Volmink: Thank you for your time, supportive comments and
introducing me to the power of metaphors.

To special people:

Sally and our children Timothy, Frances and Christine: Thank you for the time,
space and support you gave me during this study.

David Bateson: Thank you for helping me get started and your continued
encouragement.

David Brookes: Thank you for your time and helpful advice that helped me bring
this work to an end.

To Institutions:

Centre for Advancement of Science and Mathematics Education: For the sabbatical
without which this study could not have started.

Foundation for Research Development: For having confidence in a new researcher
and providing the financial support to start this study.

Dedication
This thesis is dedicated to Susan, Jack and their students.



X

Notes on stylistic conventions used in the text

This is an ethnographic research study. To gather data, the researcher established
close and personal relationships with teachers and students. Steps have been
taken to protect anonymity of those involved. Pseudonyms have been used
throughout this study to protect the privacy of students and teachers. This
involved changing some minor contextual information to protect identities. In all
cases, it was judged that this information would have no influence on the
interpretation of the data or findings of this study.

Transcription conventions

Dialogue: In transcripts, dialogue is shown as if the speakers alternate. In this
sense, no overlapping is shown in spite of the fact that overlapping is common in
classrooms.

Names: Students’ names appear under pseudonyms. If students could not be
identified then they were referred to as “Student” or “Students” in the case of
multiple responses.

Symbols:

Square brackets [ ] enclose contextual comments and non-verbal information
taken from fieldnotes

Brackets ( ?? ) with question marks indicate speech that is unresolved or
unintelligible

Dots ....... Indicate pauses in the speech. Where these are longer than a few
seconds, the estimated time is enclosed in square brackets e.g. [5s]

Citation: The source of the transcript is provided, enclosed in brackets indicating
the source, type of extract and date e.g. (Susan, lesson transcript, 02/05).
Classroom transcripts were transcribed from audio tape with additional
information extracted from fieldnotes. Unless otherwise indicated all quotes and
transcripts are speakers’ exact wording.



CHAPTER 1

INTRODUCTION

The purpose of this study is to extend our current knowledge about what happens
in physical science classrooms. In particular, there is a focus on the role problem
tasks and problem-solving play in this context. This introductory chapter provides
some background to this study, a brief deseription-of the nature-of the problem, and
the reasons for carrying out the study. In addition, a description of the research
questions is given, together with a brief summary of the research methodology.
Finally, the theoretical referents that guided my thinking are described.

1.1 BACKGROUND AND RATIONALE

In many years of experience with science teacher education, I have been struck by
what seemed an over-emphasis by teachers on solving past examination questions.
While the inservice courses I conducted provided many different activities from
practical work to collaborative group work (Hobden, 1992), teachers’ attention
nevertheless kept returning to numerical problem tasks found in textbooks,
worksheets and past examination papers. It was common to find a group of
teachers, who had been assigned a practical task to work on, deep in discussion
over a difficult question from a past examination paper. Moreover, when asked
what teaching resources would be most useful, teachers would request booklets of
past examination questions with model answers (e.g. CASME, 1990).

In response to this emphasis by teachers on problem tasks, I generated new
instructional materials to promote conceptual understanding and at the same time
to develop student problem-solving techniques (Hobden, 1992). The design of the
materials was informed by findings emanating from research underpinned by the
prevailing theoretical perspective to the understanding of problem-solving. This
was the cognitive science perspective which assumes that the teaching and
learning of problem solving could be improved by “understanding and modelling
the information-processing nature of the human brain” (Lavoie, 1995a p.13). This
perspective on problem-solving has been the basis for many studies in which
students’ performance was compared to that of expert problem-solvers, the so-
called expert-novice research (Koballa, Crawley, & Shrigley, 1990; Mestre, 1991).
Similarly, this perspective initiated studies focusing on the way students select and
plan a solution strategy and the specific techniques or tools they use in their
problem solving. Characteristics of this and similar research was that it
concentrated on the individual, generally in a one-to-one relationship with the
researcher. In addition it took place in laboratory settings or carefully controlled

environments, rather than in naturally occurring classroom settings (Grouws,
1985).

However, in a review of science education research, Finley, Lawrenz and Heller,
(1992) noted the apparent ineffectiveness of the instructional strategies that had
been investigated in various studies dealing with problem solving. In addition,
others (Brown, Collins, & Duguid, 1989; Lave, 1988; Nespor, 1990; Solomon, 1989)
had also raised some concerns about the limitations of using onlv the cocnitive



based on general interpretive methods as described by Erickson (1986), Hewson
(1995a) and Wolcott (1994).

1.3 THEORETICAL REFERENTS

I came to this study with a set of beliefs and assumptions (perspectives) about the
nature of science education, teaching and learning, and problem solving. These
perspectives developed through many years of teaching school science, working as
a teacher educator, and developing materials. Theoretical perspectives developed
by following the debates in the constructivist literature (Bodner, 1986; Cobern,
1993a; Driver, Asoko, Leach, Mortimer, & Scott, 1994; O'Loughlin, 1992; Tobin,
1993), through participation at an international seminar on learning in science
(Driver, 1989) and at conferences.

According to Cobern (1993b) these fundamental beliefs and assumptions direct our
actions and provide meanings for them. Similarly, Tobin, Tippens and Gallard
(1994) speak of referents which “act as organisers of knowledge in the form of
beliefs and images” (p.55). For example, in this study, secial constructivism acted
as a referent in the choice of the focus questions and in the interpretation of data.
My personal referents filtered and organised what I chose to study, and how I
perceived it. These referents played an important role in this study, and should be
made explicit. Consequently, the referents which guided my thinking are given in
the following sections.

1.3.1 Learning

Social constructivism, as a set of beliefs about knowing and knowledge (Tobin &
Tippins, 1993), was used as a referent for understanding learning. The essence of
the constructivist position is that all learning involves construction of meaning,
irrespective of whether the information is discovered or received by ~direct
transmission. It follows that knowledge or understanding cannot simply be
transmitted directly from teacher to learner, but has to be actively built up by the
learner. Accordingly, we cannot assume that one can simply transmit information
to learners and expect that understanding will result (Confrey, 1990). Because
learners must construct their own meaning, teachers cannot assume that all
students have the same set of understandings, or that their ways of coming to an
understanding are shared by their students.

From the social constructivist perspective, learning is regarded as “a meaning-
making activity with emphasis on the collective generation of meaning by a
community, as shaped by conventions of language and other social processes”
(Schwandt, 1994 499, p. 127). Learning is characterised as a social activity in
which learners are engaged in constructing meaning through discussions and
negotiations among themselves and teachers (Edwards & Mercer, 1987).
Consequently, in studying learning environments such as classrooms, the focus is
not centred on cognition of individual students, so much as on the shared
constructions of meaning by the participants in that setting. As the purpose of the
research was understanding teaching and learning in classrooms, I believed that
social constructivism would be a powerful lens that I could use to elucidate this.



1.3.2 Problems and problem solving

Problems are central to this study. Unfortunately, within both the research
literature and the classroom, the label ‘problem’ can have multiple meanings
making it an ambiguous term. For example, common terms used to describe
problems in the literature include standard, drill, routine, complex, ill-structured
and real. In this study, I have used the term “problem task”. The task refers to a
piece of work assigned by the teacher which is formulated with a situation and an
associated question. The following example, taken from an examination paper
(Department of Education and Culture 1992) illustrates what I refer to as a
problem task:

2NO02(g) - N204 (g)
The equilibrium constant for the above reaction is 7,5 at 25°C. Two moles of
NOz2 are placed in a 2 dm? tube and then sealed. The contents of the tube are
then allowed to attain equilibrium at the same constant temperature.
Calculate the concentration of the NO2 at equilibrium.

In this example, the situation involves gas being placed in a tube and the question
asks for the concentration to be calculated. It represents the type of problem tasks
I encountered as a student and as a school physical science teacher. These problem
tasks were well defined, narrow in focus, and invariably involved the calculation of
some quantity through the use of a formula and algebraic manipulation. The
conceptual difficulty of the task is not an inherent characteristic of the task.
Depending on the student’s familiarity with the tasks, they could be problematic or
routine (Bodner, 1990). Such tasks are the focus of this study. Consequently, I will
not be using the term problem task to refer to ill-structured or complex tasks. In
my experience, they are not part of the South African school curriculum.

Given the wide-spread use of such problem tasks in the teaching of physical
science, one asks whether this represents the assumption that some of the goals of
science education can be achieved through such problem tasks. There are many
perspectives from which this practice of giving students problem tasks to solve can
be understood. A common perspective, identified by Gabel (1989), is that of viewing
problem solving as a means to promote student understanding of science. From my
perspective, it is a teaching strategy that has the potential to help students to
appreciate and understand scientific knowledge. It is one way of making sense of
this knowledge through manipulating ideas, principles and laws. It can reveal the
power of fundamental scientific processes to explain phenomena and make
predictions in terms of applying basic underlying principles.

However, this potential is dependent on the problem formulation and problem-
solving approach used in the classroom. The situations provided can be interesting
if related to student’s life experience or they can be stripped of the detail that
makes links difficult to see, but revealing the essence of the phenomena under
study. Also the questions can encourage a direct route to an answer or a broader

approach in which the principles associated with a situation are more fully
investigated.

Solving of problem tasks can be taught in different ways. In a principled approach
the focus of the instruction is on making sense of the problem situation using the
appropriate principles (Wildy & Wallace, 1995 507). A range of situations is
investigated to show that they have similar features, which can be understood
using the same broad basic principles. On the other hand, in a purely procedural
approach, the focus is on obtaining the answer to the question. The solving is



reduced to a set of operations or procedures, which can bypass the underlying
principles. After practice on similar tasks, the problem solving becomes familiar
and routine.

The social and physical circumstances in which the cognitive actions of problem
solving are situated, play an important role in interpreting these actions. From this
perspective of situated cognition (Brown et al., 1989; Lave, 1988), problem solving
is not simply a process internal to an individual mind but one also grounded in
context and social practice. What is learned is inseparable from how it is Tearned
and used (Hennessey, 1993). Therefore, understanding the context of the school
classroom is central to understanding school problem solving. I see “doing
problems” as a task that has a particular meaning within a classroom community
(Lemke, 1990). If we hope to understand the role of problem tasks, it will be
necessary to uncover the meanings participants attach to them.

1.3.3  Science education curriculum

There are many different perspectives that can be used to view the school science
curriculum. For example, Shulman (1986), when referring to the realities of
classrooms, implies that two curricula exist; the manifest curriculum involving the
academic task, and the hidden curriculum involving the organisational and
management aspects of classroom life (p.8). However, I have found it useful to
describe the school science curriculum from three perspectives.
* Firstly, the published curriculum, which gives the perspective of the curriculum
planners and is represented in the official curriculum and syllabus documents.
* Secondly, the implemented curriculum which is represented by the teachers’
description of actual activities carried out and events that take place both
inside and outside the classroom such as the external examinations.
* Thirdly, the experienced curriculum that represents the students’ perspective
on their school science experiences. '
Consequently, when attempting to understand school science curriculum, we must
be sensitive to which perspective is being described.

It is also recognised that the science curriculum does not begin and end in the
classroom. It is embedded in a multiplicity of cultures such as the culture of the
discipline. The culture of science involves making sense of the world through
construction of meanings. The concepts of science are constructs that have been
developed and imposed on phenomena in attempts to interpret and explain them
(Driver et al., 1994 476). It has a set of norms and conventions for evidence and for
what counts as a valid source of knowledge. However, it is recognised that science
is only one of several ways of understanding the world and cannot claim privilege
as the best or right way. In addition, many of the elements of methods of science
e.g. careful observation and reasoning, are characteristics of logical thought in
general (Doran, Helgeson, & Kumar, 1995 p.133). Learning science enables
citizens to interpret their world in terms of science (Tobin et al., 1994). It involves
being initiated into the ideas, norms and practices of the scientific community and
entering into a different way of thinking about and explaining the natural world
(Cobb, 1995). According to Lemke (1993a) it is these norms and practices that
students need to learn about, and connect with what they do in classrooms.

In their efforts to implement the published curriculum, teachers are subject to
many forces in their decision-making (Tobin, 1987). These constraining forces are



found in and out of the classroom and educational system..It is also evident from
the literature that what teachers do will be influenced by what they believe. Their
beliefs about their students, the subject matter they teach, and their roles as
teachers, are important influences on the ways in which they implement the
curriculum. For example, the emphasis they place on particular classroom
practices is determined by their perceptions of science and learning (Eisenhart &
Borko, 1993). Therefore, we can infer that both the forces constraining teachers
and their beliefs shape the implemented science curriculum. Accordingly, disclosing
and understanding these beliefs and constraining forces, is an important part of
this study.

14 STRUCTURE OF DISSERTATION

The dissertation divides naturally into three related sections. The first section
includes the background to the study and the conceptual framework. The
framework has three components. These are: the theoretical referents described in
this introductory chapter; the locating of the study in the literature of problem
solving in the classroom in Chapter Two; and a detailed description of the
Interpretive research approach in Chapter Three.

Section two has as its focus the description of Jack and Susan’s classrooms which
were the sites at which the majority of the data for the study was collected.
Detailed descriptions of the learning environment, the activities and the
participants’ perspectives on the teaching and learning of physical science are
given in Chapters Four and Five.

The final section presents the main analysis and interpretation of the data. This is
done by making a number of assertions, which are the answers to the research
questions. Assertions, which characterise the use of problem tasks, are made in
Chapter Six. Assertions with a focusing on reasons why teaching and learning are
organised in the way they are. Follow in Chapter Seven. Finally, the main findings

of the study are summarised and the implications for action are discussed in
Chapter Eight.



CHAPTER 2

PROBLEM TASKS: A CONTEXTUALISING FRAMEWORK

2.1 INTRODUCTION

The main focus of this chapter is to explore the academic task of problem solving
within secondary school physical science. However, it is not my purpose to provide
an encyclopaedic review of all the studies on problem solving in science. A number
of reviews have recently been carried out which provide a detailed picture of the
field of problem-solving research in science education. One of the most extensive
appeared in a recent handbook (Gabel, 1994) which devoted nine chapters to
problem solving in various disciplines. Of relevance to this study are chapters
focusing on chemistry education by Gabel and Bunce (1994) and physics education
by Maloney (1994). Earlier reviews of problem solving include those by
Frederiksen, (1984), Garret (1986), and Champagne and Klopfer (1977).

These reviews show that the field is extensive. Each review has taken a different
perspective, selecting particular aspects of problem solving and analysing the field
accordingly. For example Maloney (1994) concentrates on individual problem
solving with the associated knowledge structures and student study procedures,
followed by methods to improve problem-solving skills. On the other hand, Garret
(1986) analyses research studies according to investigative methods, purposes of
investigation, problem tasks and subject variables.

I have approached the task of locating my study within the literature by analysing
it from the perspective of an educator in a country with strong central control of
syllabi coupled with a high-stakes examination system. I was guided in analysing
the literature by the following questions, arising from my research focus: In what
contexts do teachers use problem tasks? Why do they use them as a teaching
strategy? What curricular goals do they feel they are achieving? How effective is
the use of problem tasks as an instructional strategy?

I have represented my analysis through a detailed concept map in Appendix A. The
map provides a background framework against which particular topics in problem
solving are highlighted. The map represents the four main areas into which I see
the field being divided, mainly the problem solving process, the types of problem
encountered, the contexts in which they are used, and the role of problem tasks in
instruction. These main areas of the map are represented in Figure 2.1. below.

By far the largest amount of research has been devoted to the problem-solving
process itself. This is evidenced by the many studies on attempts to improve
students' problem-solving skills. These studies fall into two main categories: those
that focus on the problem-solving strategies and those that focus on factors that
affect the process. The map shows firstly, that there are studies dealing with the
different strategies used by experts and novices, as well as work on developing
particular strategies through apprenticeship. Other work has concentrated on
identifying the many factors that influence problem solving, such as language,
schema development and prior knowledge.
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Figure 2-1 Map of the main areas into which problem solving
research is divided.

The second focus is on the types of problem tasks which learners are asked to solve.
Here, one emphasis has been on the labelling of problem tasks according to the
perceived conceptual demand. Another has been examining the response required
such as gathering experimental data or mathematical manipulation. A third focus
is the context within which problem tasks are used. This is an area that has not
received much attention although it has gained in importance over the last ten
years. Recently, more research attention has been given to the solving of authentic
or real-life problem tasks.

The fourth focus concerns the role and purpose of using problem tasks in
instruction. It is my contention that work in this area is not as strong as in the
other areas especially with reference to the use of routine problem tasks. Garret
(1986) reported only three studies concerned with the enhancement of learning
through the use of problem solving. While recent work reported in Lavoie (1995b)
shows more studies in this area, they concern a much broader interpretation of
problem solving, including investigative and open-ended problem tasks which are
not currently found in South African schools.

2.2 THE CONTEXT WITHIN WHICH PROBLEM TASKS ARE USED

2.2.1  Local context

In order to understand the role of problem tasks, they have to be situated in their
local context. As a first step the published curriculum (Erickson & Shultz, 1992
p.469) should provide some description of where problem tasks are intended to be



10

encountered in the teaching and learning situation. In South Africa, the physical
science curriculum for standard nine and ten (grades eleven and twelve) is
described in an official education department document circulated to all schools
and referred to as the syllabus. This document (Appendix B1) outlines the main
aims of the school course and the requirements for the senior certificate
examination which takes place at the end of standard ten.

It also provides details for each physical science topic, setting out what teachers
and learners are expected to accomplish. Under the heading of content, a list of the
main concepts, laws and principles associated with the topic are given. Then the
objectives are stated under the headings of knowledge, understanding and higher
abilities. A guide to the amount of time to be allocated to teaching is also provided.
An extract from the local departmental syllabus which was in use at the time of
the study, is provided for the topic of “Bodies in motion” (Appendix B2). Teachers
are given considerable detail as to what should be taught and what skills should be
developed. This includes the requirement under the heading “Understanding” that
students should be able to “perform calculations using the equations above”. (This
refers to the thirteen formulae listed in the previous section.) Consequently, the
solving of problem tasks is an explicit part of the published curriculum.

2.2.2  Description of the Classroom Tasks

There is evidence from the literature and personal teaching experiences that
science classroom practices are very similar in senior secondary schools in many
parts of the world. Similarly, the classroom routine within which students
encounter problem tasks is fairly standard (see for e.g. Contreras, 1993; Gallagher,
1989). The following could be a typical sequence of events in a senior secondary
physical science classroom. The teacher provides a context or ‘scene setting’ for
what is to follow, normally a description of a phenomenon or a scientific principle.
The problem task is then introduced. It is topic specific and the problem situation
has been stripped of detail. The question requires the calculation of a physical
quantity. The teacher introduces the associated formula and with limited student
participation, illustrates the solution technique. The students are then assigned a
number of similar problem tasks from worksheets or textbooks for practice. Some
of these are worked in class and others are assigned for homework. When the tasks
have been completed, some, if not all, are ‘gone over’ in class, or at least the
answers are provided. The teacher acts as both expert and judge, by displaying
expert use of the solution strategy and by pronouncing on what is acceptable and
what is not. Students study for tests by examining the worked examples, working
harder examples or practising on new problem tasks. A test is then given where
students have to show they have mastered this particular problem type. Later, the
solutions to the test problems are provided or demonstrated by the teacher.

The implicit purpose of the sequence is for students to be able to solve different
types of problem tasks (Hammer, 1989) as opposed to developing conceptual
understanding. The students will be constantly motivated to participate in this
classroom sequence by the teacher referring to tests and examinations (Tobin et
al., 1994). They are led to believe that success at solving problem tasks will
indicate competence in school science. The basic pedagogical assumption
underlying this series of activities would appear to be that, having worked these
sets of problem tasks, the students will have a new technique (e.g., the technique of -
solving ‘rates of chemical reaction’ problem tasks) to add to the other solution
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techniques already mastered. The solution strategies are demonstrated and then
practised under the assumption that learners absorb them in this way. Looking at
the process, it can be seen to be the development and practice of procedures or
algorithms for solving particular types of routine problem task. In some unspecified
way, this represents an addition to students’ physical science knowledge and
understanding. From the teacher’s point of view, the sequence is normal
instructional practice and appears effective in that students pass the examinations.
Teachers have met their responsibilities to the students, school and society.

2.2.3  Didactical Contract

What are the participants' expectations, and why are things as they are in the
classroom? The following analysis, borrowing from the work of Balacheff (1984),
attempts to understand the relationship between participants and problem tasks
from a particular perspective. It is an attempt to situate the problem tasks in
classroom life and to understand the meaning attached to problem tasks.

Teachers use problem tasks to serve different functions e.g. for evaluation of
learning. For each different function, a different social interaction is required. The
interaction is governed by a “didactical contract”, a set of rules often unspoken, but
understood by those in the community of classroom life. These classroom norms or
conventions which constitute the didactical contract, include the expectations of
how the teacher will teach, how students are expected to work together, acceptable
ways of talking and questioning, how teachers are expected to help those with
learning difficulties etc. This contract determines the role of the teacher and
students and sets the tone of the teaching-learning relationship.

Students will encounter problem tasks in the classroom in a situation organised by
the teacher. They will learn what they are assigned to learn by the teacher
(Noddings, 1988). For example, when confronted with a number of similar problem
tasks to solve, the task will have meaning if the student knows that similar
problem tasks are to appear on the test. Consequently, the drill of solving similar
problem tasks becomes.meaningful. Alternatively, if the teacher indicates that a
problem is a difficult problem, the student has an expectation that makes him -
respond in a different way (Maloney, 1994). The didactical contract determines the
place of the problem task in the teaching-learning situation. Depending on whether
the task is for homework, or classwork, a test or examination, the student will

respond in different ways. The meaning of the task is not fixed by the problem text
itself.

One of the consequences of the contract is that students, for most of the time, are
making sense of the classroom situation rather than the science. They give
solutions acceptable to the context or implicit didactical contract. They are not
necessarily making sense of the problem tasks, constructing knowledge for
themselves or developing conceptual understanding. The students, according to
Balacheff (1984), act in a practical way that make sense to them.

Because students are different and have different experiences, what on the surface
appears to be the ‘same’ classroom task may be very different experientially for
different students. Different students within the same class rﬁight approach a
problem task from different perspectives, applying different effort and ascribing
differing importance to the task, based on their understanding of the didactical
contract. This highlights the importance of understanding the didactical contract
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from the learners’ perspective, something that has not received the attention it
deserves and certainly has not been done in South African classrooms.

2.3 WHY ARE PROBLEM TASKS USED IN TEACHING?

2.3.1  Different purposes

What are the different purposes for which teachers use problem tasks in their
practices? What are the underlying beliefs of teachers as to the value of engaging
students in problem-solving activities? There are a number of different approaches
to understanding teachers' purposes. I have based my analysis on that provided by
Stannic and Kilpatrick (1988) who characterise the role of problem solving in
mathematics in terms of three themes i.e. as context, as skill and as art. Drawing
on this and other literature, modified by personal observations and experiences, I
suggest that one would find that teachers have one or more of the following beliefs
or assumptions underlying their use of problem tasks as a teaching strategy:

(a.) Learning science at school is about solving problems. Looking back at past
classroom activities, teachers see that doing science at school or college has
always involved solving problem tasks. Therefore, teachers believe that it 1s
their duty to teach students how to solve these problem tasks.

(b.) Students will need to know how to solve basic problem tasks as preparation for
further study. Many tertiary courses of study in science assume that students
can solve these problem tasks and build on that base. They make success at
school physical science one of the requirements for entry to their degree
programmes. Teachers see the use of problem tasks as a necessary
preparation for later studies in science.

(c.) Problems are a means to developing an understanding of the subject matter.
Solving problem tasks is seen as a vehicle through which a new concept or
skill might be learned (Stanic & Kilpatrick, 1988). Teachers believe that they
can introduce students to new subject matter and develop conceptual
understanding through a sequence of problem tasks. Osborne (1990)
comments that it appears as if nearly all physical science education, and
especially the physics component, is based on this assumption.

(d.) Solving problem tasks gives an indication of understanding. Teachers believe
that if you understand the concepts and principles, you can work the problem
tasks. (This is even implied in the syllabus extract given previously.)
Although learning to solve particular types of problem tasks is not a stated
goal in the syllabi, success at solving particular types of problem tasks is
taken to be the primary indicator of understanding (Dufresne, Leonard, &
Gerace, 1992).

(e.) Practice at solving problem tasks prepares students for examinations and other
forms of assessment. Teachers are under pressure to prioritise preparation for
examinations so they provide practice in the problem tasks they expect to
appear in the examinations.

(f) Problem tasks must be assigned for practice to develop general problem-sclving
skills. Problem solving is seen as one of a number of skills to be taught in: the
school curriculum. Therefore, problem tasks must be assigned so that the
skills can be mastered through imitation and practice (Schoenfeld, 1988).
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In most of the themes identified, problem tasks are employed as vehicles in the
service of other curricular goals. They are used as a means to one or more ends.
They are not a goal in themselves, or seen as a valuable curriculum end. This has
important implications. If the use of problem tasks does not achieve teachers’ goals,
they could discard these tasks or transform them to meet their goals. The question
arises as to whether teachers are reflecting on their use of problem tasks or
whether they are using them uncritically as an instructional strategy as suggested
earlier.

2.3.2 _ Conception of teaching science

Examining physical science textbooks from early in this century will show that sets
of problem tasks have long occupied a central place in the school science
curriculum. The reasons for basing instruction on the use of problem tasks are not
clear. However, we do know that teacher beliefs about teaching and learning would
have some influence on this decision. In an effort to understand these beliefs, many
different metaphors have been used to gain insight into, and promote reflection on,
teachers’ conceptions of their task (see for example Fox, 1983; Sfard, 1998).

One analysis, suggested by Erickson and Schultz (1992) provides an interesting
way of linking teacher beliefs to their use of problem tasks. They suggest that
teachers have a conception of curriculum and pedagogy as a meal. To explain this
conception held by teachers, they use the metaphor of a school lunch where the
food (curriculum) is divided into daily portions for students (the lesson content),
thawed in a microwave (instruction) and often chopped into smaller bits to aid
digestion (lowering the difficulty). The route to learning science consists of
delineating the desired subject matter content as clearly as possible, carving it into
bite sized pieces (diSessa, 1988), and providing explicit instructions and practice on
each of those pieces so that students master them (Schoenfeld, 1992). Routine
problem tasks fit conveniently into this conception of curriculum and pedagogy.
They are “bite” sized, can be presented and “digested” in a 35 minute class period
and are easily assessed. If the student does not understand, further practice seems
a very reasonable teaching strategy. Teachers obtain their beliefs about the role of
problem tasks from working within this system and appear content with current
practice. It is no wonder that practices have not changed, as there does not seem to
be a reason for change.

2.3.3  Assessment.

According to Tobin and Gallagher, there are external influences that force teachers
to teach in particular ways (1987). Despite the best intentions of teachers, they are
often constrained by external factors in the activities they plan for students. As
found by Dewalt and Pelto (as cited in Gallard Martinez, 1990), when teachers
choose their practices within their classrooms, they are influenced by the social and
cultural milieu in which they work This can explain the mismatch between
curricular goals and actual practice (Garrett, 1986). One of the more obvious
external influences on practice is the assessment system. The question arises as to
what roles assessment practices play in shaping the implemented curriculum and
indirectly determining the problem tasks used by teachers.

There is a considerable literature on the influence of examinations and testing on
teaching and learning in general. I mention only two to illustrate the diverse
opinions. Madaus (1988) provides a review with a focus on what he considers to be
the detrimental aspects, such as teachers teaching to the test. Ebel (1976) on the
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other hand provides a convincing argument to support the idea that assessment is
an essential tool of effective teaching and learning. Using either analysis, it is
obvious that assessment practices within a school system will be a major factor in
determining the implemented curriculum.

South African high schools, have a long history of working in a centralised high-
stakes examinations system. In their last weeks at school, all Standard ten (Grade
twelve) students write the senior certificate examination. This is an external
examination organised by the Department of Education and commonly referred to
as the “matric” examination. In physical science, the students write two
examination papers of two hours each. The first paper is on Physics topics and the
second on Chemistry topics. There is considerable public interest in the matric
results, which are published in the local newspapers.

The matric examination serves a dual role, as a gatekeeper for the entry of
students into Universities and other tertiary education institutions, and acting as
the exit point for schooling (Jansen, 1995). The examination is competitive, in that
it ranks students by performance, and allows the more successful students to
proceed to tertiary study. It is the point at which students’ success or failure in the
educational processes they have experienced is revealed (Fensham, 1995). It is
here that they are, for all intents and purposes, labelled as having succeeded or
failed at school.

It is surprising that there has been little research in South Africa into the affect of
matric examinations on the school curriculum. Most studies are limited to reports
of the number of passes and failures within different educational departments, and
trends over time. These statistics of examination results are unable to reveal the
kinds and qualities of experience students had in their classrooms. It seems
possible for this matric examination to subvert the published curriculum, in that
what we test and how we test is the one way in which a de-facto curriculum is
defined (Schuster, 1993). For example, teachers could sacrifice learning with
understanding for the immediate goals of drilling the students in problem tasks if
similar tasks appear in the examinations. There is evidence that similar practice
occurs wherever centralised examinations are given significant importance
(Contreras, 1993; Deacon, 1989; Helgeson, 1993).

2.3.4 Teacher knowledge

There has been extensive discussion in the literature of the status of our
understanding of various aspects of teacher knowledge (see for e.g. Fenstermacher,
1993). Common sense and conventional wisdom would seem to imply that the
better the qualification in a discipline (i.e. the more subject-matter knowledge
studied), the better the teacher. However, this relationship remains a contested
issue (Kennedy, 1998). There are conflicting opinions about the amount and
quality of discipline specific knowledge required.

The discussion has not been helpful in identifying what happens when teachers
only have a minimum basic knowledge of their discipline. However, we do know
that teachers’ knowledge of subject-matter interacts with their beliefs about
teaching to shape the ways in which they teach (Ball, 1988). Consequently, the
quantity and quality of the teachers’ subject-matter knowledge must influence the
manner in which they teach science. In South Africa, more than 50% of physical
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science teachers do not have the pre-requisite academic qualifications to teach
science at the grade level they are teaching (Foundation for Research
Development, 1993). In many cases, the teachers are not even qualified to teach
science at all having done their initial training in other disciplines. They would find
qualitative explanations and discussions of science phenomena difficult, if not
impossible. During discussions, learners might raise many open-ended queéstions
for which the under-qualified teacher has neither the answer nor the ability to
guide the discussion. For these teachers, the option of maintaining control of the
subject-matter presentation is attractive. This can be achieved by using problem
situations which can be converted to mathematical representations and solved by
use of algorithms which they have practised themselves. Instead of uncertainty
generated by having to respond to non-routine matters, the situation becomes one
of dealing with manipulating formulae for tasks that are “closed” in the sense that
the algorithm to obtain the answer is available and the answer is available in the
text book or teachers’ guide. In this sense, what we teach, is limited by that which
we can teach (Osborne, 1990). Consequently, the use of sets of problem tasks as an
instructional tool makes a great deal of sense to such teachers.

24 PROBLEM TASKS

2.4.1 The Categorisation of Problem Tasks

Another aspect that has not gained the attention it deserves, is the type of problem
around which instruction is planned. As noted earlier, many of the problem tasks
used for this purpose are similar to those published in texts 50 years previously,
and their status and suitability for instructional purposes needs to be examined.
My purpose in analysing and categorising problem tasks is to draw attention to
their varied roles in teaching. In the research literature, many different systems
for categorising problem tasks are suggested, based on the different criteria and
the context of the particular research studies. For example in studies involving
students’ ability to solve problems (for example Donald, 1993), the problem tasks
might be categorised according to level of difficulty or the number of steps in the
solution path. Where the focus is on information processing (for example
Johnstone, 1984) the demands of the problem task on the short-term memory are
used to categorise problem tasks.

For the purposes of this study, I have categorised problem tasks using two
perspectives, conceptual difficulty and instructional purpose. Firstly, I have used a
set of three categories to categorise problem tasks based on their perceived
conceptual difficulty. These categories are similar to those proposed by Johsua and
Dupin (1991) and Fredericksen (1984). This scheme was chosen as it appears to

include other classification schemes and fits our local context. The problem type
categories are as follows:

Type 1: Routine problem task; The problem task is well defined, narrow in focus
and is normally solved through the use of an algorithm or procedure. It Invariably
involves the calculation of some quantity through the use of a formula and
algebraic manipulation of a number of variables. It normally appears in instruction
as one of a set of similar problem tasks. A solution procedure or algorithm for this
type of problem would be provided by the instructor and practised. This type of
task would be equivalent to what Garret (1986) calls a puzzle, Johsua and Dupin
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(1991) call a standard exercise, or Fredericksen (1984) calls the well-structured
problem. Problem tasks of this type are in common use in South African
classrooms.

Type 2: Maverick problem task: The problem task is similar to those above, but
requires the learner to do more than just recognise or recall the path from previous
attempts or similar problem tasks. It requires some interpretation of the context
and the problem solver must construct all or part of the solution procedure. Similar
to routine problem tasks, the solver knows when they have reached the end of the
task i.e. there is a clearly defined answer. Fredericksen (1984 p-367) refers to these
problem tasks as “structured problems requiring productive thinking”. Those
problem tasks called “implicitly difficult exercises” by Johsua and Dupin (1991)
would be placed in this category. The task initially appears to be the same as
standard exercises but proves to be unexpectedly difficult.

Type 3: Complex problem task: In these problem tasks, the complete problem
situation is not provided in the statement of the problem. The solver has to add
information or make assumptions about the problem situation. Often there are
levels-of uncertainty about the actual goal and it is not certain when or if the goal
has been reached. Alternatively, it is a completely new situation to the solver to
whom the solution path is not known or readily available. This category is similar
to that proposed by Simon (as cited in Frederiksen, 1984). He calls these problem
tasks “ ill-structured” because they lack a clear formulation, a procedure that will
guarantee a solution and criteria for determining when a solution has been
reached. The category “innovative exercises” suggested by Johsua and Dupin
(1991) would fit here. Personal experience indicates that these problem tasks are
not found in South African school science classrooms.

A sharp division between the categories is not suggested, nor is it suggested that
all problem tasks will fit neatly into one or other of the categories. Some problem
tasks might have elements of more than one of the above categories. Similarly,
when determining the conceptual demand of a problem task, a common theme that
runs through most studies is the acceptance that the local context makes a
difference. The demands of the task cannot be determined by analysing the
problem task alone. Problem tasks cannot be labelled easy or difficult, independent
of context. Depending on students’ familiarity with the task, it could be either of
high conceptual demand or a routine exercise. Consequently, to understand school
problem-solving, whatever the system of categorisation or labelling, the problem
tasks must be considered in the context of participants' previous experience and
their understanding of the didactical contract.

My second way of categorising problem tasks is from an instructional perspective.
This is derived from teachers' underlying beliefs of the role of problem tasks in the
teaching-learning process and is linked to the list of purposes presented earlier.
Problem tasks used for instructional purposes can be divided into a number of

categories as follows: .
(a.) Tasks considered as preparation for further discipline specific problem-solving

tasks and study;
(b.) Tasks related to real world applications whose usefulness is immediate;
(c.) Tasks designed to develop understanding of science concepts;
(d.) Tasks which serve a sorting function or set standards, and differentiate
between students in tests;
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(e.) Tasks that have always been assigned and whose place in the curriculum is
assumed without question;

(f) Tasks provided to develop general problem-solving skills or as an intellectual
challenge;

(g.) Tasks which have to be practised as they will appear in the high stakes
examinations.

This form of categorisation, focusing on the instructional role of the problem tasks,
provides a different perspective for this study where the role of problem tasks is a
focus of the research questions. It complements the previous categorisation which
focuses on the problem formulation and the conceptual difficulty.

2.4.2 Students’ Expectations of Problem tasks

An alternative way of understanding the role of routine problem tasks could be to
look at them from the students' perspective. In our effort to make problem tasks
accessible to students, problem tasks presented to students have generally been
simplified. This has involved reducing the amount of text, removing real-world
complexity and simplifying the mathematics. This makes it easier for the student
to focus on the essence of the problem task but could result in subverting the
original purpose of the problem task. On the other hand, when efforts are made to
create realistic problem settings and make the problem tasks more meaningful and
related to students’ lives, the students ignore the cover story as irrelevant
(Schoenfeld, 1992). This occurs because, after extended practice with similar sets of
problem tasks, students see that the cover story as just “window dressing”
designed to make the problem tasks appear relevant but which in fact has no real
role in the solution process for which they are rewarded.

Because of these and other classroom experiences, students have a number of

expectations of the problem tasks they will be required to solve.

(a.) Students expect tasks to be familiar. Students’ understanding of what a
problem task entails is merely recognition that it is similar (isomorphic) or
identical to a previously encountered problem task, and that the solution can
be obtained if they apply the appropriate procedure (Schoenfeld, 1988).

(b.) Students expect problem tasks to be well defined. In most routine problems,
the task is to determine a specific value for one quantity. Students expect
that this will be explicitly asked for in the problem. The problem text will
contain all the information required to solve the problem and will not contain
extraneous information. All necessary quantities will have values provided.

(c.) Students expect problem tasks to be specific to a topic. They are taught to solve
problem tasks within the context of a topic (e.g., momentum) and will use the
context as a cue to which solution technique to use (Reif, 1981).

(d.) Students expect problem tasks to be solvable within a relatively short time.
Students’ experiences of watching the teacher solve problem tasks, and what
1s expected of them in the short time available in tests, tells them that
solutions should be found relatively quickly.

(e.) Students expect problem tasks to have one correct solution method. While they
.accept that other solution paths will be given credit, they suspect that there
1s one path in the marking memorandum that is accepted as the ‘most correct’

path. Consequently, there is a tendency to search for this path as opposed to
solving the problem in ways that make sense to them.
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(f)  Students expect problem tasks to have answers that are ‘nice numbers’.
Students often consider whether the numerical values they are calculating
come out to be nice numbers (e.g., 4.0 as opposed to 3.67) as a clue as to
whether they are using the correct strategy or not (Reusser, 1988).

These expectations emphasise the narrow scope of the problem tasks encountered
In courses as well as some of the unintended strategies students learn from doing
such tasks. Students' perceptions of the role of problem tasks and their

expectations about the nature of the problem tasks, play an important part in the
didactical contract.

2.5 HOW EFFECTIVE ARE PROBLEM TASKS AS AN
INSTRUCTIONAL TOOL?

251 Evidence of learning

An argument for using problem tasks would be that they aid development of
conceptual understanding. Given that students spend time engaged in problem
solving, we need to ask questions about its contribution to the development of
understanding. This use of problem solving as an instructional strategy possibly
reflects teachers’ tacit belief that solving problem tasks is an effective way to learn
physical science. However, there are relatively few studies of problem solving as an
instructional strategy in the learning of physical science, to support their belief
(Garrett, 1986).

What we do know is that if teachers’ primary goal is merely for students to be
familiar with a given body of knowledge and to apply that knowledge reliably to
solve some classes of problem tasks, then the strategy of encouraging students to
follow and practise teacher-provided procedures will probably succeed. The
teachers need only provide the laws and procedures and students will become
familiar with them through practice in solving sets of similar problem tasks
(Hammer, 1989). What is not clear at first glance is the consequence of this
practice.

Studies of high school classrooms (Tobin & Gallagher, 1987) assert that classroom
instructional practice focused on algorithms and procedures reduces the cognitive
demand of the-work. This is supported by other studies such as Maloney and
Siegler (1993). If students can obtain the right answers using procedures cued by
recognisable features, they have the option of not seeking understanding at all but
rather operating at a lower cognitive level and simply following the procedures
whether they understand the underlying principles or not.

In addition, despite the instructional practice of providing sets of similar problem
tasks for practice, many students fail to correctly solve problem tasks that are
slightly different. Many of the students, while able to produce solutions to routine
examples, will not necessarily have an understanding of the strategies, algorithms,
or the science involved. The instructional process results in students memorising
solution procedures which are recalled by recognition of example type or by surface
features (Webb, 1984). They will solve familiar well-specified problem tasks but
have acquired only a superficial proficiency. Strategies such as “when you see these
features in a problem, use this solution procedure” allow students to produce
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manifestations of seemingly competent behaviour. However, unless grounded in an
understanding of the principles underlying the procedure, the skills are limited,
fragile, error-prone and easily forgotten. This becomes obvious when a minor
deviation from a routine problem task confuses a student. The student is unable to
recall the solving procedure or adapt it (Johsua & Dupin, 1991). Students are not
learning physical science concepts and principles but rather algorithmic
procedures.

2.5.2  Construction of a Knowledge Base

Solving problems of a non-routine type is a complex and involved process that
requires a significant, well-organised knowledge base. Studies have shown that
successful problem solvers or so-called experts, have much more knowledge in a
specific domain which they can bring to bear on the problem task than do
neophytes (Chi, Glaser, & Rees, 1981b; Frederiksen, 1984). This would be an
expected conclusion. However, more significantly, it was also found that they had a
well-developed structure for their knowledge. Beyond knowing the basic facts,
concepts and principles, they also had constructed connections between them. The
knowledge base was organised and interrelated to facilitate retrieval when solving
problems.

There is now convincing evidence (Clement, 1981; Heller & Hollabaugh, 1992;
Sawrey, 1990) that conventional problem-solving activity is an inappropriate
vehicle for developing a well-organised knowledge base. Some take an even
stronger line and argue that instruction based on solving-problem tasks can be
counterproductive for learning (Sweller, 1989). The evidence indicates that
traditional practices result in many students having unconnected and fragmented
understanding of the subject matter despite gaining proficiency at certain kinds of
procedures (diSessa, 1988; Pickering, 1990).

2.5.3  Development of General Problem-solving Skills

Another belief that promotes the use of routine problem tasks in teaching is that
students thereby gain skills which result in them becoming competent scientific
problem solvers (i.e. of complex or non-routine problems). However, there is little
evidence to support this belief. Experience and research tells us that students have
great difficulty transferring skills to new contexts (Lemke, 1993b). Even where
teachers aim to use problem tasks to promote more general problem-solving skills,
a number of factors mitigate against these general skills being developed. These
are:
(a.) Knowledge and skills that are usable in many circumstances are required,
but problem tasks tend to be context dependent, resulting in skills only

accessible when clearly marked by context (Campione, Brown, & Connell,
1988);

(b.) The ability to construct solution paths is essential, but students are provided

with sets of procedures, leading to a state of ‘learned helplessness’ when
asked to attack new problems (Noddings, 1988);

(c.) Real-world scientific problems do not always have clear-cut answers and are
not always solvable in a short time through standard procedures, but
students’ classroom experience is to the contrary (Webb, 1984);
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(d.) The ability to identify ambiguity and redundancy can be important for real-
world scientific problems, but students get almost no experience solving ill-
defined problems (Reusser, 1988).

2.6 CONCLUDING REMARK

The focus of this chapter has been on providing a framework of problem-solving
research within which the study can be conceptualised. Firstly, T have provided a
larger framework of the field of problem solving. This provides an overview and
context for the study. Secondly, I have narrowed the focus to the specific areas of
context and purpose. The approach to the literature provides a different
perspective on problem solving to that normally taken but is well suited to the
purposes of this study. The studies suggest that the didactical contract is the core
to understanding what is going on and the meaning participants attach to solving
problem tasks. The present work thus involves an examination of the context in
which problem tasks are used, the participants’ perspectives, the nature of the
actual problem tasks used and the external factors that affect the contract.
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CHAPTER 3

RESEARCH ACTIVITIES

This case study utilised an interpretive research design involving ethnographic
data collection techniques and qualitative procedures of data analysis. In this
chapter, T indicate why this design was suited to answering the research questions,
followed by a description of the tools used to obtain data and the data collection
procedures. In addition, the steps followed in the analysis and the phases through
which the study progressed are outlined. This is done in some detail to provide the
connections between my questions, the methods of data collection and the analysis.

The purpose of this inquiry, as previously stated in Chapter One, was to extend our
knowledge about what happens in physical science classrooms. In particular, it
focused on what the participants did, what activities they were involved in, the
structure of these activities, and the role problem tasks played in this context. It
was a central concern to uncover the meanings the participants gave to their
actions. An interpretive method (Erickson, 1986; Gallagher, 1991a), starting with a
detailed descriptive foundation obtained through classroom observation was chosen
as the most suitable strategy for describing and understanding what was going on.

3.1 FIT OF RESEARCH DESIGN TO INQUIRY QUESTIONS

Interpretive research is the name given to a family of approaches that includes
ethnographic, qualitative, participant observer, and case study research. It is an
approach that views the classroom more from an anthropological perspective in
which the classroom culture and social organisation are important than from a
psychological perspective which focuses on the individual. However, it is also a
scientific approach as it involves rigorous and systematic empirical enquiry that is
data-based (Bogdan & Biklen, 1992 p.43).

As science educators have become increasingly interested in investigating what
actually happens in classrooms there has been a growing acceptance among
researchers that interpretive approaches are well suited to this. These approaches
are suitable in helping answer questions dealing with classroom contexts and the
differing intentions that may lie behind the observable behaviour of teachers and
students. According to Gallagher (1991a) “Science educators who engage in
interpretive research are in the business of making sense of, and giving meaning
to, the ways in which science teachers and students make sense of, and give
meaning to, their work in teaching and learning science” (p.7).

Many of the characteristics of interpretive research are different to those of much
traditional research in science education, which has usually followed a hypothetico-
deductive paradigm. This traditional research has involved intervention
experiments, or the administration of predetermined questionnaires, or the filling
in of observation schedules. These activities use research instruments based on
existing models or theories and the researcher is trying to obtain evidence for an
existing hypothesis. By contrast, a fundamental characteristic of interpretive
research is that it develops theoretical positions based on the data. In this study, I
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wanted to find out how teachers see their own actions rather than for example,
labelling their actions using a predetermined list. Furthermore, I did not want to
influence their teaching through the manipulation, or control of any classroom or
teacher “variables”. Instead, I was interested in understanding the meaning
behind the teachers’ and students’ actions as they were. While other research
approaches often focus only on behaviours (e.g. number of teacher questions) or
outputs (e.g. examination results), interpretive methods focus on reasons that
underlie actions (e.g. why does the teacher use problem tasks in this class?).

While interpretive studies have the characteristic of being highly specific
(Gallagher, 1991b) they also have to be located within the larger social context.
Erickson (1982), outlining a theoretical perspective to help guide data collection,
advises that to obtain an adequate description requires examination of three
interrelated levels: a) the general socio-cultural system outside the school, b) the
immediate learning environment in the school and c¢) individual functioning at
school. He argues that teaching and learning in school cannot be understood only
by reference to what goes on in the classroom itself. This study depended firstly on
a detailed descriptive foundation with a narrow focus on just two classrooms,
describing the specific context in which students were learning science. It depended
secondly on the study of the broader context outside the classroom, as there was a
need to understand the relationship between the specific science classrooms under
study and the education system of which they were a part.

Another characteristic of interpretive research is that the researcher tends to enter
into extended relationships with teachers i.e. months rather than days, for the
purpose of learning in detail about the teaching-learning environment. This
involves extensive fieldwork in the natural setting of the classroom itself. Such a
study uses many of the tools of ethnography such as participant observation and
interviewing. As a relationship between the observer and teacher or students
develops, it permits ongoing discussions with them about their activities,
uncovering how they think about them, and what factors influence their actions. It
thus becomes possible to turn the focus from description to “meaning-perspectives
i.e. the knowledge, beliefs and values that underlie their work” (Gallagher, 1991b,
p.11). In this study, the development of these relationships helped elucidate the
meanings underlying the use of problem tasks in the teaching and learning of
physical science.

From the characteristics given above, it should be obvious that interpretive
research, especially that involving fieldwork, allows us to answer questions which
are very different from those that can be answered through more traditional
methods (Gallagher, 1991b). Erickson (1986) lists a number of questions that he
feels fieldwork can answer best. Using these questions as a guide, the following
general questions were used to focus my study. Each question is associated with a
number of sub-questions, which were useful in moving my focus from the general
to the particular:
1.  What is happening in physical science classrooms?
What do the teachers do? What instructional strategies do they use? What do
the students do? What tasks do they engage in? How do they engage? What
problem tasks do they do? |
9 What is the nature and role of problem solving within this context?
What role do problem tasks play in teaching and learning? What beliefs do
the teachers hold about teaching problem-solving? What do the students
believe? What is the meaning of these actions to those involved?
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3.  What are some of the consequences of organising teaching and learning in this
manner?
What attitude do the students have to school science? Are the students able
to solve problems? What sense do the participants (e.g. teacher, students and
science educators) make of their experience?

4.  How is what is happening in this classroom influenced by external forces?
In what way does the external assessment affect life in classrooms? What
other significant influences exist, e.g. curriculum documents? How are these
influences related to each other?

These questions determined the initial data collection strategies that were to be

carried out.

3.2 DATA COLLECTION PROCEDURES

When starting the data collection phase of the inquiry, I did not have a rigid plan
of what data I would collect, or the instruments I would use, or a detailed time line
for data collection. However, since I was using an interpretive research approach
for the first time, I constructed a reasonably detailed data collection plan at the
start, which is not always the case for qualitative researchers. These initial plans
were informed by ethnographic data collection traditions (Bogdan & Biklen, 1992
p.58). For example, I knew that I needed to collect descriptive data using well-
established procedures such as observation, unstructured interviewing and
document collection. I also conducted a pilot study of close to a month in another
classroom, to familiarise myself with these procedures and the difficulties in
implementation.

While I initially entered the classrooms with a deliberate line of inquiry and a set
of guiding questions because of the prior planning, these were flexible and I
expected them to be modified as the inquiry proceeded. My data collection
responded to the distinctive character of each classroom and to my growing
understanding of classroom events. As I began collecting data and reflecting on it,
a number of emerging themes guided subsequent data collection, such as who to
interview and what to explore in depth. As I learnt more about the reality of
classrooms, I made specific decisions to focus on classroom activities I considered to
be the most salient. Thus both the questions and the data collection procedures
evolved as I became more immersed in the classrooms.

3.2.1  Selecting the cases

As noted earlier, the nature of the research questions indicated an interpretive
case study design with the unit of analysis (Merriam, 1988) being the classroom. I
limited myself to two physical science classrooms for a number of reasons. Firstly,
because interpretive case studies depend on a detailed descriptive foundation, they
use small samples (Gallagher, 1991b). Secondly, this type of research takes a lot of
time and is labour intensive. After the pilot study involving one school, it became
apparent that there was only enough time to manage two school visits each day.
Thirdly, I chose a study that seemed reasonable in size and complexity so that it .
could be completed in reasonable time with the resources available. Nevertheless, I

felt that the two sites would provide me with sufficient data to deal with my
research questions meaningfully.
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Some might challenge the small sample size. They might argue that a goal of the
study should be the degree to which the findings are representative of, or could be
generalised to, a larger population of science classrooms. This argument is based,
among others, on seeking of equivalency between the sample and the population it
represents. It is argued that small samples may fail to provide findings relevant to
the population at large (Delamont & Hamilton, 1989). However, my research
questions did not lead me to search for the general characteristics of all classrooms,
nor to identify a “typical” classroom. Nor did they lead me to use a research design
where the case should represent the population so that the findings could be
generalised to the population. I am not implying that all science classrooms are

* similar to those I selected. However, this does not exclude looking for the “generic
in the specific” (Wolcott, 1988 p.203), which upon further investigation might be
found to be relevant to a wider variety of science classrooms.

The sites of the study were determined using a set of criteria and therefore may be
referred to as a “criterion-based sample” (Goetz & LeCompte, 1984 p.77). The
criteria were pragmatic in that I wanted sites from which I could learn the most to
address the research questions (Merriam, 1988). The following were important in
the selection process:

(a.) The teacher had to be experienced and considered competent by the teaching
community. This criterion was used to eliminate classrooms where the
teacher was inexperienced in teaching the subject-matter or in dealing with
students. I did not want the added complexity of an inexperienced or
incompetent teacher to confound the issues.

(.) The teacher should not be a personal friend or colleague. I recognised that
“becoming a researcher involves changing the way you see others” (Bogdan &
Biklen, 1992 p.61). If I had any close personal association with any of the
participants, moving from normal situations to the research situations would
create tensions and ambiguity.

(c.) The classroom had to be within reasonable travelling distance. I did not want
to limit my time at the schools due to excessive time on travel. While this
might be interpreted as introducing an element of convenience to my sample,
I felt this was justified from a practical point of view.

(d.) The school must have a reasonable support structure. This included physical
resources such as a science laboratory and a stable administrative
environment. I did not want a classroom in which the provision of resources
could potentially prevent some aspects of the published curriculum from
being implemented.

Over and above the criteria already mentioned, the primary criterion guiding the
selection of the second site was that it should complement the first. With the move
toward the integration of schools in South Africa, I wanted a classroom reflective of
this move. I chose a co-educational school with a diversity of learners including
many who had limited English proficiency. While I accepted that this would lirait
my ifteraction with some of the students, I felt that the site as a whole would yield
valuable information. Finally, although I was not looking for a “representative”
case, I made sure not to select an exception or “oddball” case (Bogdan & Biklen,

1992).

As I collected and reflected on data, I had to make decisions about which students
to interview and on whom to focus my observation. It was not possible to interview
all students, but I endeavoured to sample widely enough, that a diversity of
students’ views was obtained. The choice of students was guided by the themes
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emerging from the initial data. I looked for some students who I identified as
“target students” i.e. students who dominated verbal interactions in the classroom
(Tobin, 1990, October). I selected some students who seemed to have isolated
themselves from the general classroom interactions. I chose a number of students
from each class rather than one or two individuals. I did not want the class to see
me focus too much attention on only one or two key informants. I also chose from
what I considered the more “typical” students, as I was aware of the danger of data
being rejected because it was gathered from special cases. On some occasions, I
was frustrated in my choices as students were not available or co-operative and so
had to choose other students. The approach to selection of students is best
described as purposive ongoing sample selection, a process similar to what Goetz
and LeCompte refer to-as “sequential-criterion-based sampling” (cited in Merriam,
1988 p.51).

At both sites I used an overt approach to “negotiate entry” (Spradley, 1980 pg. 59),
making it very clear what my interests were and seeking participants’ co-operation
for the research. This involved a few steps. After identifying four teachers who
fulfilled the criteria, I approached them with tentative requests to allow me to
carry out research in their classrooms. In one case, the teacher was going to be
absent for a few months and in another case, the teacher asked not to be involved.
After agreement was reached with the other two teachers, I approached their
headteachers explaining the purpose of the research and reassuring them of
confidentiality with respect to their schools. I also provided them with a letter
outlining the research. In both cases, they were amenable on condition that the
teacher involved was prepared to participate. At this stage I formalised the
agreements by giving each teacher a copy of the “contract” which outlined the
responsibilities of both the teacher and myself.

While both teachers were co-operative and made me welcome in their classrooms, I
did not always feel at liberty to do whatever I wanted. In one case this meant that
I did not have as much access to the teacher as I planned, but I was loath to
pressurise her into providing more access than she was willing to give. I was
always aware that they were the “gatekeepers” (Bogdan & Biklen, 1992, p.81) and
I was there because they had granted me permission. This awareness came from
the pilot study (detailed below) where the teacher was not willing to continue
because he felt uncomfortable with my presence. However, I felt ethically secure in

the knowledge that I had been open about the purposes of the study and did not
have a hidden agenda.

3.2.2  Data gathering |

The collection of data took place over a school year. The fieldwork at each of the
classrooms started with the first lessons of the year in J anuary and ended just
before the students departed for their examinations in October. This duration was
chosen for two main reasons. Firstly, I was interested in finding out what occurred
during a complete year and whether classroom practices were consistent across
topics and whether they changed as examinations approached. Secondly, in most
schools teaching follows a set syllabus, that changes emphasis from physics to
chemistry in about June. I was interested to see if the problem task usage changed
as teaching moved from physics to chemistry topics.

For the first two months of the school year, I observed most of the science lessons
in both classrooms. I knew that I had to be present in the classroom for a number



26

of months in order to immerse myself fully in the classroom culture. I attended 25
of the 35 lessons in one school and 27 of the 36 in the other. I did not attend when
students were writing tests. I then missed two weeks while away at a conference.
Returning, I stayed until August by which time a complete section of chemistry
with the solving of numerical problem tasks had been completed in the one class
and the other class had completed two sections. As the days passed, I was learning
a decreasing amount. I felt that “data saturation” (Bogdan & Biklen, 1992 p.68)
was being reached and further classroom observation was providing redundant
data. However, I maintained contact with the classrooms returning less frequently
to observe lessons and to obtain copies of documents, until lessons stopped for the
year. In this way I withdrew from the settings in a gradual manner. In all, I made
over 60 visits to each school.

In this study, the classroom was to be viewed and described from more than one
perspective. Eisenhart and Borko (1993 p.49 ) recognise two basic perspectives.
Emic, which is that of the classroom insider e.g. the teacher or a student, who
understands the classroom language and ways of working that have meaning to
the participants, and etic which is that of the outsider e.g. a researcher, who wants
to understand what is"hd@ppening. The outsider is likely to notice things or perhaps
gain access to understandings that participants caught up in daily routine would
not be consciously aware of and thus could not articulate readily. The insider can
reveal the motives that could probably not be inferred by an outsider from
observation alone. Each of these perspectives used together help to build up our
understanding of the classroom context. Thus fieldwork in the form of classroom
observation provided the most appropriate way of gathering emic data with
interviews and questionnaires giving insiders an opportunity to present their
perspective.

The observer

The decision to become an observer to gain emic information was a carefully
considered one. What was required was to enter the context with limited a-priori
questions and in time discover what was important and focus on that. According to
Guba and Lincoln (1989) the only instrument capable of achieving this flexibility 1s
the human observer who is adaptable, and can draw on tacit knowledge and
expertise to decide on what should be examined and on what to focus.

Such observation requires specific skills such as observation, recording, focusing,
reflecting, interviewing and communicating with a non-judgmental attitude
(Spradley, 1979). In order to develop them, I initiated a pilot study involving a
month of observation of about 20 lessons. During this time, I tested my skills and
methods, finding out their limitations and strengths. As a direct consequence of
these early experiences, I decided to use video recording as part of the data
gathering recognising the difficulty of dealing with the complexity of multiple
interactions occurring simultaneously in a classroom.

Because my participation in the classroom was definitely secondary to my role of
information gatherer, my position in the class could be classified as “ observer as
participant”™ (Merriam, 1988). I had some opportunities to be more fully involved,
as the teachers in both classrooms were absent for short periods, during which I
became the teacher and as such an “insider”. This was as close as I could come to
feeling what it was really like to teach these students in these classrooms. During
occasions such as these I was a complete participant, while on most other occasions
I was complete observer taking no part in the activities. The extent of participation
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depended on the teaching style and the activities planned. For example, when
students worked in groups on problem tasks or were involved in practical work, 1
was able to work with them as a teacher-helper. However, when direct teaching
was taking place, I took the role of complete observer.

I did not want participation to occupy too much time nor to change the way the
students reacted to me. The group knew my observer activities and I was happy to
be defined as an outsider or neutral figure from the beginning as I felt this would
minimise the effect I had on the classroom. However, I recognised and accepted
that my presence affected both classrooms, and that as a result of the interactions
and feedback all participants, including myself, would change in some ways
(Merriam, 1988, p. 95). However, awareness of the possible changes and the
extended duration of my presence in the classroom would help to minimise the
overall effects on my interpretations.

Over 120 observations of complete lessons were made. Given the nature of the
resedareh questions, the focus was on participants’ activities, especially the
discourse between teachers and students. This was seen as more central to the
study than other areas such as social structures and peer interaction, which were
not ignored but mostly kept in the background. All classroom activities were
recorded in as much detail as possible. This made it possible to identify both
recurrent and atypical events.

Written fieldnotes focused on student and teacher actions such as time spent on
various tasks, teacher movements, student behaviour, board and overhead work,
students’ interactions with the teacher or one other, and responses to questions. I
collected information of a varied kind, noting whatever seemed significant. For
periods, I would concentrate on patterns of questioning while on other occasions I
would focus on individual student involvement in the class activity. To aid
reflection once I had left the site, I made maps of the classroom showing student -
positions relative to each other. In the fieldnotes, I also included interpretive
comments concerning student interest and the general classroom environment. At
the end of each day, the fieldnotes were examined and further recollections were
added together with interpretive comments on the day’s activity.

In addition to the classroom observations, I attended two meetings associated with
the senior certificate examinations. In both meetings I took fieldnotes and
transcribed the full audio record. The first examination meeting took place early in
the year at a local high school. Physical science teachers were invited to a review of
the previous year’s examination paper. The main input was from the teacher who
set the examination papers (examiner) and the education department physical
science advisor (advisor) who had acted as an internal moderator of the papers.
They went through the physics and chemistry papers highlighting questions where
students had difficulties. The teachers then asked questions of clarification and
generally discussed the questions.

The second meeting, at a local college of education, took place at year-end after the
senior certificate examination had been written. The chief examiner and a selected
group of teachers (markers) had gathered to mark the senior certificate
examination papers. The chief examiner presented his “model” answer and mark
allocation for each question. The markers then discussed these, in some cases

providing alternative solutions or requesting different ways of allocating part-
marks for questions.
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Audio and Video taping

All Tessons except for the first few lessons were audiotaped using a directional
microphone, usually situated at the back of the class. This enabled me to
concentrate on activities in my fieldnotes with the knowledge that verbal
interactions were available to be revisited once I had left the classroom.
Subsequently, I brought a video camera into the classrooms after a few months of
observation and recorded about 25 complete lessons in each classroom. The camera
was placed at the rear on a bench overlooking the class. In this way, I was able to
record details of general classroom interaction while focusing my own attention on
particular students. For most of the time it was set to a wide-angle view of the
class but could be zoomed in when I felt this would provide additional information.

The technique of supplementing observational data with video recordings is
advocated by Erickson (1986), amongst others. Its use can reduce the bias toward
recurrent events at the expense of rare events. It also provides the researcher the
opportunity to revisit events later through playback. Such recordings subjected to
systematic analysis can provide a valuable additional data source. Recording frees
the researcher from the constraint of observing events only in real time sequence.

Interviewing _

As questions of meaning were central to this study, interviews with the teachers
and some students were essential. One cannot observe intentions directly so this
had to be found out from them. As Patton (1980) describes it “We cannot observe
how people have organised the world and the meanings they attach to what goes
on in the world- we have to ask people questions about these things. The purpose of
interviewing, then, is to allow us to enter into the other person’s perspective” (p.
196).

In most cases my interviewing was open-ended and guided by relatively few
focusing questions. Interviews were thus semi-structured as opposed to highly
structured where the questions and their order are predetermined (Merriam,
1988). I did not use structured interviews, as I did not want to suggest to
interviewees ways of understanding their actions based on my possible
preconceived ideas. However, from semi-structured interviews, I was able to obtain
some comparable data across subjects, as some questions I included were common
to all interviews. I was guided by a list of questions focused mostly around aspects
of problem solving. In addition, I was flexible and allowed the subject the
opportunity to tell their own story through pursuing further topics or issues they
raised.

All interviews were recorded, but the respondents were assured of the
confidentiality and anonymity of the data i.e. no private information would be
révealed, and names would be removed from transcripts. The student interviews
took place at school, in rooms requested for this purpose. Thirteen interviews were
recorded with each session taking about 30 minutes. For the two teachers, most
interviews took place in their own classrooms after the students had departed. Five
formal interviews were carried out, most lasting over an hour.

A number of unstructured interviews or spontaneous conversations after a lesson
were also recorded with the teachers. These took place throughout the time I was
an observer. For one teacher there were many opportunities for short informative
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sessions while the other teacher had too busy a schedule, with another class often
arriving even before I had a chance to remove my equipment and preventing
discussion. Consequently, I recorded fifteen informal interviews for one but only
four for the other teacher. These were mostly between fifteen and thirty minutes
long. : :

In addition, I carried out interviews with a local science advisor, a teacher involved
with the setting of the matric examination and an examination moderator. Each of
these interviews took about an hour. The purpose of these interviews was to obtain
data concerning the influence of external factors on the teaching and learning of
problem solving. In all cases, these were semi-structured interviews with the
primary focus on the role of problem tasks and the role of the examination in
teaching and learning. All three were very experienced in their jobs and were held
in high esteem and respected by the local physical science teachers. The role of the
science advisor was to support the teaching of science. This involved school visits,
running workshops and meetings and producing information circulars. The
moderator had the role of checking that the examination papers complied with the
national examination criteria and that the standards of papers were consistent
across education departments.

Questionnaires .

During the course of fieldwork, there arose occasions where I felt the need for
background information and exploratory responses to a specific event from the
whole class. I wanted to use this exploratory data to provide focus questions to
direct interviews with the teachers and students. As I was unable to interview all
students, I decided to administer open-ended questionnaires to the students to
obtain this type of data. I used questionnaires with single open-ended questions on
two occasions in each setting. '

In one questionnaire, I asked the students to describe their experience of school
science. In one class I also showed them three short video recordings of themselves
(receiving marked tests, talking before the teacher had arrived at class and
listening to their teacher review a problem) and asked for comments on what was
happening. In the other class, I did not have an opportunity to show a video but
instead asked for their responses about an examination they had Jjust written. This
gave students opportunities to provide me with information about their feelings
that I was unable to obtain through observation. Even though the teachers were
not present when I administered the questionnaires, students were repeatedly
assured of the anonymity of their responses and were told that they were not
obliged to write anything. Responses were varied from being very open about their
feelings to not responding in the case of two students. This data supplemented the
data gathered from other data sources and was valuable in directing my focus
during observations and in preparation for interviews. I was able to probe feelings
that had been mentioned. The comments on the open-ended questionnaires were
an unexpectedly rich source of data.

During the last week of school, after all observations had stopped, I administered a
formal structured questionnaire to both classes. The questionnaire consisted of 32
statements about problem solving and students were asked to respond using a
Likert scale. A copy of the questionnaire can be found in Appendix C. In both cases
the teacher was not present and students were not obliged to fill in the ,
questionnaire. I decided to use this form of data collection at this point because I
had completed my observations and had virtually withdrawn from the sites. I knew
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influence the ethnographic data collected so it would not compromise my study.

3.2.3

Data corpus

Over and above the data mentioned above, all documents used during the normal
course of teaching were collected. These included over 1000 pages of teacher
handouts such as notes, worksheets, and laboratory activities and student work
such as homework assignments, student notebooks, and marked tests and
examination scripts.

Table 3-1 Relationship between research questions and type of data
collected.
Question 1 Question 2 Question 3 Question 4
- What is going What does this What role do What effect do
on? mean to those problems play? | external factors
involved? play?
Fieldnotes & | 120 lessons 120 lessons 120 lessons Exam meeting
observation (3hrs)
: Exam marking.
{4hrs) _
Audio tape 120 lessons 120 lessons 120 lessons Exam meeting
(3hrs)
Exam marking.
(4hrs)
Video tape 20 lessons 20 lessons 20 lessons
16 hours) —
Interviews 13 student 13 student
Student interviews interviews
Interviews 5 interviews 5 interviews 5 interviews
Teacher (10 hrs) (10 hrs) (10 hrs)
Interviews ' Examiner (2 hrs)
Other Advisor (2 hr)
Moderator (1hr)
Unstructured | 1. Doing 2. What’s going 1. Doing Role of problems
questionnaire | science on here. science
Structured Role of Role of problems | Role of Role of problems
questionnaire [ problems problems
Documents Notebooks Examination papers.
Worksheets Model answers.
Student test & Examination
exercise books reports.
Textbooks Syllabi.
Syllabi

I also took some photographs of the two sites showing the students working in

class. Because I was conscious of the need to consider the classroom in relation to
its broader context, I also collected information from sources outside the classroom
where I felt there was a chance that they had an effect on practice. This included
past matric examination papers, examiner reports, syllabi, curriculum documents,
and circulars to teachers.

The table above (Table 3-1), shows the relationship between the research questions
and the source of the data collected. It should not be induced from the table that
there were strict divisions between the data and the question they addressed. The
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table is presented to give an idea of the data corpus and how it comprised multiple
data sources.

3.3 DATA TRANSFORMATION

This section describes the process of transforming data from transcripts and
fieldnotes to descriptions and assertions. There was no single identifiable process
but rather an ongoing transformation of the data, from the first fieldwork until the
completion of the study. However, two overlapping phases can be identified. The
first started during fieldwork and may be considered informal. It involved reading,
reflecting on the data, writing memos, organising the data, searching for patterns,
and deciding what seemed important. During the second phase in the latter stages
of the study, the data was systematically analysed. This involved the same
strategies but now included more systematic techniques such as computer analysis
and production of data matrixes such as those recommended by Miles and
Huberman (1994). What follows is a retrospective summary of the complete
process; it should not be seen as chronological or linear but rather as an iterative
process. o

Data management

Data management is a term used by Huberman & Miles (1994) to describe the
operations needed for a systematic, coherent process of data collection, storage and
retrieval ensuring accessible data and the documentation of analysis. All
documents collected from the sites such as tests, notes and worksheets, were given
unique codes and summary sheets were produced to help in their management.
Summary sheets of all lesson observations were constructed and fieldnotes and
audio-tapes were labelled for reference. All interviews both formal and informal
were transcribed verbatim, as were a number of complete lessons and extracts
from lessons, from both sites. I decided not to transcribe all lessons but rather to
select a number which could act as exemplars of practice. Near the end of the
study, I aiso transcribed further extracts, selected to provide additional
corroborative evidence. These provided contextual information and represented the
participants’ perspéctives in their own words. While Bogdan and Biklen (1992)
consider this a shortcut, they feel that the risks associated with using extracts are
worth the gains, especially as the researcher has a more informed idea-of What
should be selected from the transcripts and what is superfluous as the study
progresses.

Another strategy used was the production of what Miles and Huberman (1994)
refer to as “data displays”. They encourage the use of displays to “transform the
data from being dispersed to compact, sequential to simultaneous, from poor order
and bulky to focused and ordered all in one page, allowing the researcher to absorb
large amounts of information” (p. 91). I used a number of displays including
summary tables, a Gowin-Vee diagram, network diagrams and matrices. For
example, the problem tasks that were used during the year were coded by topic
and type, and entered into a summary display. As another example, the themes
that arose were arranged into a matrix showing multiple sources of data, aiding
the triangulation process. In this case, descriptive extracts and quotes appeared in

the matrix. These proved very helpful when looking at the data holistically and
trying to work out how events were connected.
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Systematic analysis

The analysis process was derived from accepted interpretive methods of analysis
(e.g. Erickson, 1986; Wolcott, 1994). The complete process proceeded through a
number of stages that are represented schematically in Figure 3-1 below. This
schematic, adapted from Hewson, Kerby, and Cook (1995 p.508), shows the
iterative nature of the cycle of analysis. I use the term analysis here in the narrow
sense used by Wolcott who limits it to “systematic procedures followed in order to
identify essential features and relationships” (p. 24). He associates words like
methodical, carefully documented and scientific with analysis.

' The process of analysis could be said to have started from the first time I entered
the classroom. However, the more systematic process of analysis began with the
transforming of the data set, to more manageable proportions and attempting to
make meaning from the complete data set. Thig process, involving condensing,

INTERVIEWS OF CLASSROOM
PARTICIPANTS OBSERVATION
DATA
MANAGEMENT initial an}lysis to
focus collection
fieldnotes  op4io  video  document d‘T
: Code coded
interviews PS5 Figldnotes book transcript
T multiple reading D- boring systematic =
— to get rough themes D-—'ce coding R ——
and codes practi —
F— | > > 1 —
T— 1-control R
; I-target
codes
search for further
instances, selected sarted
extracts transcibed
. D- praclice D- bonng;
Summary from mgmg & i:
other sources summary per
L\ I-control l
TABLES «
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B
[ —_—
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@ Interpretive summary
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Figuare 3-1 Schematic diagram representing the construction of

interpretive summary.
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clustering, sorting, and linking of data was achieved through two main strategies,
thatof producing data displays (described above)and of coding. :

Coding involved attaching labels to chunks of text representing actions, events,
and instances. These codes were initially used to order the data but later were
used, during the systematic analysis stage, to pull together data and to retrieve
similar chunks. A comprehensive set of codes was generated guided by the coding
strategies described by Bogdan and Biklen (1992) , 1992) and Miles and
Huberman(1994). They were applied to the data using the computer programme
HyperResearch (Dupuis, 1993). The development of the code list was done
inductively by repeatedly examining the lessons and interview transcripts
supported by accompanying fieldnotes. A comprehensive list of codes emerged from
this empirical process, together with some tentative themes. Despite the
systematic nature of the analysis, I made choices about what data to code, what
codes to allocate and which codes to group into themes. These particular choices
were a consequence of viewing the data through my personal conceptual
framework, which determined the significance of some events and not others.

Throughout the process, I looked for linkages among various coded items of data.
Groups of similar codes or themes emerged. The flexibility of the software
programme encouraged ongoing analysis and coding on which qualitative analysis
depends (Miles & Huberman, 1994). 1t allowed me to delete codes, reapply codes,
apply multiple codes and revise the names of codes. From this and the summary
data displays a number of assertions were inductively generated. The assertions
were essentially statements that represented patterns or regularities within the
data. They connected up many items of data as evidence of analogous instances of
the same phenomenon. .

In order to maximise the probability that the assertions were consistent with the
data, they were then tested deductively. I searched through the data corpus to
provide evidentiary warrant supporting them. The data was repeatedly and
systematically reviewed to test the validity of the assertions. The fieldnotes were
scrutinised for comments and references to events. Other recordings that had not
initially been coded, were scrutinised for disconfirming and confirming evidence.
These extracts were transcribed and added to the coded data. Alternative sources
of data, such as questionnaires and student work books were also examined. The
structured questionnaire was analysed providing some descriptive statistics to
supplement the data corpus. In this way, a few initial assertions were rejected as
the discrepant cases outnumbered those that fitted the assertion, and therefore the
assertion could not be warranted. In this interpretive stage, I continually asked
“What else might explain this?” (Miles & Huberman, 1994 p-246). This iterative
process of framing and re-framing the data provided multiple opportunities to
reinforce or refute assertions. At the end I considered the strongest assertions to be
those that had the most links to the widest sources of data.

34 PHASES OF RESEARCH

By nature an interpretive research study passes through a number of phases.
While there are significant overlaps and blurred boundaries between phases, the
process can be recognised as beginning with broad issues and initial experier,lces in
the field. It proceeding through a funnelling process consisting of collecting data,
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making interpretations, looking for confirming and disconfirming evidence, and
moving finally toward withdrawal and closure. The recognisable phases through
which this study passed are outlined below:

Orientation and Pilot: During this initial phase I became acquainted with the
literature and attempted to define the limits of my questions. I then started a pilot
study in a local school. The initial visits were treated as exploratory opportunities
to assess what was feasible and to determine the constraints and limits of an
ethnographic study. During this time, my focus questions were finalised.
Thereafter, the formal study was designed, especially in regard to obtaining a fit
between the data collection procedures and the questions. D
Starting Fieldwork: Phase two began on entering the first site and starting to
observe Iessons. For the first month or two, I struggled with the wealth of data and
how to make sense of it. I reflected, obtained advice from other researchers,
attended conference workshops and visited sites with experienced observers. This
time away from the classroom was useful in improving skills as an observer and
ability to analyse data from the field.

Becoming focused: During the observations and data gathering, I reflected on the
dataand made decisions on what to collect. As the data was analysed, issues which
emerged guided the inquiry further. As a result, I started to concentrate on specific
areas, following up with detailed interviews with all participants. I looked for in-
depth information about those issues I considered significant. After four or five
months, I started the process of withdrawal from the sites.

Systematic analysis: The next two years were spent in detailed data analysis and
reflection. I presented two papers at overseas conferences on the emerging themes
enabling me to obtain feedback from supervisors, colleagues and conference
participants. This enabled me to revisit the data, finalise the analysis and complete
the report on the study.
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CHAPTER 4

WHAT HAPPENS IN JACK’S SCIENCE CLASSROOM?

This chapter provides a description of Jack’s classroom, based on data collected
over a year involving over 70 visits to the classroom. It provides a rich description
of the classroom context in which problem tasks were used. However, it does not
only focus on the problem tasks but rather gives a complete picture of what was
happening in the classroom. Consequently, I have provided a detailed description
of the physical classrooms, the participants, the classroom activities and
participants’ responses to these activities. Where appropriate, I have emphasised
the participants’ own words, allowing the teachers and students to speak for
themselves. Because it was impossible to describe everything that happened during
the school year, I have selected some key quotes and examples. I have also
supported the descriptive account with summary tables and other data developed
from the analysis.

The resulting description forms part of the answer to the first research question
which asks, “What is happening in the science classroom?” This description,
together with that of Susan presented in Chapter Five, serves as the foundation on
which I have based my analysis and interpretation of the role of problem tasks
which appears in Chapters Six and Seven.

4.1 CONTEXTUAL INFORMATION

Oakwood is a government school for boys from standard six to ten. It is situated in
an upper - middle class suburb with a range of housing including both affluent
houses with swimming pools and low cost housing complexes. The school draws on
this area for its students who come from a variety of home backgrounds. Many of
the students have one or other parent as a practising professional, but at the same
time, many would be blue-collar workers. It is the only high school in this
historically white residential area and has about a thousand students with a small
percentage of black students. The school is well resourced and has many teaching
facilities, an administration block, school hall, sports fields and swimming pool. It
has a number of laboratories, modern library, computer room, specialist rooms etc.
typical of all the large ex-Natal Education Department schools. Within the

community, the school has a good reputation, administratively, academically and
on the sports fields.

Jack has been teaching senior physical science for more than twenty years in a
number of schools. His students consistently obtained good results in the senior
certificate examinations. Amongst his science teaching colleagues he is recognised
as being very knowledgeable and is well respected. He was often consulted by local
science advisors and took an active role in departmental activities such as
examination marking and inservice activities. He was known for his firm views
and was considered an exemplary teacher by some. Jack occupied a senior position
on the staff of Oakwood during the year of this study. Consequently, he had a

relatively light teaching load with more periods set aside for administrative duties
than teaching.
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Jack's standard ten class of 32 students was the top set for Physical science. All the
150 plus students in the standard were ranked on their previous years results and
then divided into “sets” for each subject. As this was done for a number of subjects,
the same group of students did not stay together for all lessons, but divided as they
moved from classroom to classroom for different subjects. They came together to a
home class for registration each day. Jack’s class comprised 24 students from the
“A” class with about seven from the “B” class and one from the C. Most were taking
6 subjects with a typical package being English, Afrikaans, Mathematics, Physical
Science, Geography and Art. Many took a “double science” i.e. doing both biology
and physical science. The class only had a few students whose home language was
not English, but these students were completely proficient in English.

The school timetable was divided up into about 35 periods per week. Typically, a
subject would be allocated six periods a week. However, some like mathematics
and physical science had seven. This was in the timetable as two double periods
and three singles, so the class met for five lessons of physical science per week -- in
fact, once a day with a double on Monday and Thursday. As this was the top
science group, all the students had entered for the senior certificate examination on
the higher grade. The students were on average about 17 tol8 years old and most
had been at the school since standard six (Year 8). Nearly all had Jack as their
science teacher the previous year in standard nine.

The academic year for the students was broken up into four terms, each of about
ten weeks. The fourth term was much shorter, due to the senior certificate
examinations, which occupied about five weeks. During this time students stayed
at home except when actually writing examination papers. Overall, the students
had about 110 hours of science with Jack during the year. Without comparative
figures from other studies, I would assume from my own experiences that this was
on a par with other well-administered schools.

For a variety of reasons science teaching did not occur during 16 periods i.e. the
students visited the local university on one occasion, Jack attended a rugby
coaching course and was also off sick for a week. However, this did not imply that
the students were not involved in some science learning activity. If he knew he
would be away, Jack would give them a worksheet of problem tasks or schedule
tests for that period. If off sick, he would phone in and assign work which would be
given to the students by the Head of Department for science. When he was away
for two weeks, I taught the class.

Being a higher grade class, all students followed the same syllabus. Jack did not
leave any of the non-examinable sections out. However, reference to Table 4-1
below, shows that the school science department did change the order of the
syllabus, starting standard nine with all the non-examinable topics such as
“Waves” and “ Bonding”. While this was an internal science department decision,
Jack felt that this order made sense as it linked all the mechanics sections 1.e.
“Vectors” to “Newton's laws” rather than have inorganic chemistry in the middle as
was suggested by the official syllabus.
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Table 4-1  Jack’s class: Order in which the syllabus topics were taught.

Term Standard 9 Year 11 Standard 10 Year 12
1st Waves, Newton’s laws
Particle wave duality of light. Gravitation
Periodic Table Work, energy & power
2nd General chemistry, Electrostatics
Bonding Electricity,
3rd States of matter Rates & Equilibria
Inorganic (Sulphur, Nitrogen) Acids & Bases
4th Vectors Electrochemistry
Graphs & equations of motion Organic

All teaching was carried out in the physical science laboratory. It was a large room
with fixed cupboards down both sides. These were about 1,2 m high, with a
continuous heavy wooden top. On the top were electrical trunking with plugs for
both AC and DC, gas taps, and sinks with fold down swan water taps. These were
closed with a cover unless practical work was taking place. There were louvre
windows down one side facing onto the passage and opening windows down the
other, giving plenty of light. At the back, instead of a wooden top on the cupboards,
there was a thick concrete slab. This was designed for chemical balances but none
were in evidence. On the back wall were display boards stretching from one side to
the next. Pinned up were one or two marking-memoranda for past examination
papers and a colourful chart advertising Arbour day. These did not change
throughout the year.

At the front was a teacher's plain wooden desk, a double sliding green board which
could be pulled up or down, a fume cupboard with a black blind pulled down and a
door to a preparation room. This room was shared with the next laboratory and
was used for storage of apparatus and notes. There was no overhead projector,
which was unusual, as most laboratories and classrooms in the school had them. A
small A4 periodic table was attached to the display board behind the teacher's

desk. Outside the class in the corridor, there was an empty display cabinet on the
wall. '

The wooden student tables accommodated two students. I have provided a
schematic diagram showing where each of the students sat in Figure 4-1 below.
The students sat on high stools with backs. They were arranged in rows of three
benches, side by side in the middle of the classroom, with no space between desks.
There were five rows, with just enough space to walk between the rows. The rows
tended to be bunched toward the front of the classroom, against the teacher’s desk
leaving a narrow passage at the front and a broad area at the back. As observer, I
sat at the back on the concrete shelf. Except for one or two students, they did not
change their positions during the year. Other than the basic furnishings, there was
very little in the room to distinguish it as a physical science room.
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Figure 4-1 Diagram of Jack’s classroom

4.2 UTILISATION OF TEACHING TIME

Each topic of the syllabus was dealt with as a separate series of lessons, which
could be identified by characteristic stages. These were very similar across topics.
Except for practical work and tests, virtually all the class activities involved Jack
working with the class as a whole, interspersing his presentation with a series of
question and answers. Tobin (1987) refers to this type of activity structure as
whole-class interactive. The first two or three lessons would involve an introduction
to the topic. He would introduce the new phenomena or concepts to the students
through presentation, questions and answers. This would lead into the solving of
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typical problem tasks, which would be written on the board and solved by Jack. A
number of problem tasks would be assigned from a worksheet and would be “gone
over” during the next few lessons. While going over the problem tasks, Jack would
introduce further concepts or different types of problem task as the need arose. On
occasion, he would do a practical demonstration especially during the chemistry
sections. A test would then be taken by the students, and usually marked
overnight by Jack. These test problem tasks would then be gone over. A further
test would be scheduled for a week ahead but in the meantime, a new section was
started. The second test would interrupt the teaching of the new topic as a period
was required to write it and at least a double lesson was spent going over the
problem tasks.

There were exceptions to this pattern. For example, Jack spent a much longer time
than normal introducing the section on “rates and equilibrium” before students
started solving problem tasks from worksheets. However, much of this introduction
revolved around graphical equilibrium problem tasks which he constructed on the
board and the class interactively solved with him. On rare occasions, he would
make the class read a section of their notes for a few minutes or ask them to
individually solve a problem task in class. Class activities were essentially limited
to listening, watching, asking questions and answering questions as Jack
introduced new phenomena and concepts, went over homework and test problems,
and carried out demonstrations. The activity structure of whole class interactive
was the norm. For example, there were no instances of group work, project work,
producing posters, open-ended investigations, debates, quizzes or role play.

The students moved from classroom to classroom during the course of the day and
had to come to Jack's laboratory during their science periods. Normally he was not
present and the students would make their way into the laboratory in groups,
followed by one or two late-comers. Jack would arrive a few minutes after the bell
had rung. He would greet them with “Morning, gentlemen” to which they would
chorus “Morning sir”. On eight or nine occasions, he had entered the class earlier

and written the instructions for a practical or the answers to a problem on the
boards.

The start of the lessons followed a very predictable pattern of “straight to work”.
Jack would nearly always continue where he had left off the previous lesson.
Sometimes he would either ask a student “Where were we ?” or norm ally would
look at his list of problem tasks, or the test paper they were working with to find
his place and continue. He would sometimes spend the first minute or two briefly
recapping something from the previous lesson such as the general principles that
had been used to solve a problem task. More often than not, he would just continue
where he had left off. “Right, we completed number nine last time , number ten...
An object of mass forty kilograms collides ............ ” (Fieldnotes, Feb. 23). This
exemplified his work attitude. It was immediately to the business of the day, with
little time for distractions or pleasantries. He often worked without distraction or
diversion for the full 35 minutes, or if it was a double for the 70 minutes, until the
bell, often stopping 5 minutes after the bell had rung for the next period.

He expected the same concentrated work from the class. If he detected that
students were not paying attention, he would always bring them back, “ Right
enough of that. Let's move on. Number fourteen. When two moles of hydrogen
chloride react ............ ”. or focusing on an individual by name “ Guys! Too much
chattering there” This pattern of straight to work, would only be broken after a



40

test or examination when he would make comments to the class in general about
their performance or hand out the test scripts or when he wanted to start a new
section. It was very rare for the class to spend time on anything other than science
topic.

In Table 4-2 below, I have given a more detailed breakdown of how time was
utilised during the year on the main activities and teaching topics. The table
indicates that Jack generally kept to the number of periods suggested in the
syllabus guide for the physics and chemistry sections. (The physics section was

Table 4-2  Jack’s class: Summary of how the periods were utilised.

Term | Topic
[ P B
@ ? g a =1 £0
2 < < 2 35 £ e B
Z2 |3 |&F |88 |SE |&E |58 |3
1 Newton’s laws 30 30 4 4 15 2 5 0
Gravitation
1&2 | Momentum, & fiinglu 20 4 3 9 0 4 0
e
WEP ahove)
2 Electrostatics 42 42 4 6 19 2% 7 4
& Electricity
Physics 72 92 12 13 43 4 16 4
Sub-total
2&3 | Rates & 18 28 3 4 10 3 7 1
Equilibrium
3 Acids, Bases & | 18 14 2 2 3 2% 5 0
and solutions
4 Elecrochem 15 17 3 3 3 1 7 C
4 Organic 21 15 2 2 4 3* 4 0
Chemistry 72 74 10 11 20 9 23 1
Sub-total
4 Exam revision 7 3 4
Teaching 1144 [173 [22 |24 66 13 39 9
TOTALS
1 March exams 11 7 4
June Exams 21 7 12 2
3 Trial exams 13 7 6
Exam sub- 45 21 22 2
total ;
Grand TOTALS 219 43 46 66 13 39 11
Note

* Indicates that students did a hands-on practical activity

The examinations are shown separately as they contained a combination of topics.

The periods allocated during the last sections of chemistry rx?i_ght have an error of two or
three periods as I was not always present to confirm the activity.
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more than normal due to his absence from the school.) However, he did not always
place the emphasis suggested by the syllabus on individual topics. When the
activities for physics and chemistry sections are compared, the table indicates that
the time spent going over problem tasks decreased from 60% to 40% and direct
teaching increased from 17% to nearly 30%, for the chemistry section.

4.3 CLASSROOM ACTIVITIES

During the year, three major activities predominated, taking up nearly 90% of all
school time in Jack’s class. I have called these direct teaching, writing tests and
examinations and going over problem tasks. The percentage of time allocated by
Jack to each of these activities is represented in Figure 4-2 and is discussed in the
following sections.

Tests &
exams
20%

Goina over

problems Direct
51% instruction
18%

Practical work
Other 6%

5%

Figure 4-2 Jack’s class: Percentage of time spent on each of the activities.

4.3.1 Direct teaching

The activity of presenting concepts and principles to the class for the first time was
characterised as direct teaching. This form of teaching was encountered when a
new topic e.g. reaction rates, was introduced or some specific science principle or
law e.g. conservation of momentum, was presented by Jack. 18% of all classroom
time was spent in this manner. The following is a typical example of what I have
labelled direct teaching. The extract is taken from a lesson in which Jack is
introducing the students to the section “Rates of reaction”. He began by discussing

a distribution curve dealing with the salaries of workers in South Africa. He then
continued:

Mr. Jones: Now we kick off onto our next section that we do, reaction
rates.

[Writes reaction rates on board]

I have done this at the start of reaction rates because I am
going to come back to distribution curves later and I don’t want
to go wasting time when I am half way through reaction rates
on, once again revising what a distribution curve is. When I



Paul:

Mr. Jones:

Mr. Jones:

Paul:
James

Mr. Jones:

Students:

Mr. Jones:

Students:

Mr. Jones:

Chris:

Mr. Jones:

William:

Mr. Jones:

Students:

deal with distribution curve in terms of reaction rates, then you
will understand exactly what 1 am getting at. Close your books
[Some students have notebooks open at the new section. Jack
cleans board and writes equation Hy +I:——>2HI As
he writes he talks.]

H two plus I two goes totwo HI ~ This particular reaction can
be seen in virtually every text on reaction rates and equilibria -
which is the next section we will deal with. Now...hydrogen
combines with iodine -hence the purple colour- to form
hydrogen iodide. [??] iodine vapour is that purple colour.

[He refers to equation on board where I is drawn in purple
chalk.]

Now...in order that hydrogen combines with iodine to form
hydrogen iodide what has got to happen?....... This is done in
the gaseous state. Right, we have hydrogen .... if we get iodine
crystals and add them to hydrogen gas, the reaction is not
going to proceed. We are going to have virtually no reaction - if
any reaction at all. So what must happen first of all? ..... We
are dealing with hydrogen and iodine in the gaseous state.
What must first happen in order that hydrogen iodide is

[Twe students put up hands immediately, James and Donald
but Jack waits about 5 seconds.] .....

Hands down. Think about it guys ...... What has got to first
happen? ....... and the answer I am looking for, is a very very
obvious answer ... sometimes so obvious that it escapes you.

[Jack walks down side of classroom. He chooses Paul who sits
at the back near where he is walking.]

They must first come into contact.

They have to come into contact with on another. Right,..... so in
other words-we have got hydrogen and iodine molecules,
moving around in random space and they have to come into
contact with one another. Right ..

[Returns to the board and draws molecules on board.]
How do they come into contact with one another?
[Points back to Paul.]

Idon’t know.

Air.

I am asking you, how do they come into contact with one
another?

[Some students shout out “heat”.]

No, merely come into contact with one another. How do they
come into contact with one another?

Pardon? [Points to student in back desk, Chris.]

They just touch each other

But what causes them to touch each other? [Point to William.]
You just make them touch each other by applying heat or some
force.

So are they not going to come into contact with on another
unless they are heated?

42
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Mr. Jones: What was your answer down here [pointing to group near
front]

Somebody said something.

Student: Brownian motion

Mr. Jones: Brownian motion, diffusion...aahhh... can you be a little more
specific?

[Points to Tom who has hand up]

Tom: One of the laws of gases is that the particles have random
movement

Mr. Jones: OK, right.

Tom: When the gases come together, all the particles are moving
around each other and obviously some will collide. When they
collide they will touch.

Mr. Jones: Excellent ... In the gases....- one of the factors in terms of ideal

gas behaviour, one of the features of ideal gas behaviour is that
the gas particles are in random movement.

[He then explains what will happen and the lesson continues in
the same manner]

Jack determined the pace and direction of the presentation and the students were
expected to make sense of it. Where interaction took place, because the topic was
new to them, the students were not always sure what was required and there
seemed to be much guessing until one or other student mentioned the word or
phrase Jack was looking for. This enabled him to move on to the next stage of the
presentation. Jack would also do a fair amount of direct teaching while going over
the solution of problem tasks. These instances were of much shorter duration and
in a sense unplanned. He would spend a minute or too and remind them of
important principles used to solve the problem task or where new types of problem
were encountered e.g. problem tasks dealing with lifts were encountered as a
homework problem before they had been introduced in class. In these cases, he
introduced new concepts or principles, there and then. On three or four occasions
after particularly involved sessions, where students were having difficulty solving
particular types of problem tasks, he would recap or summarise.

When introducing a new topic, Jack did not allow the students to have their
notebooks open. The notes, which were given to the whole standard and had been
prepared by another teacher in the school, normally took a different approach to
the topic. When he saw students writing, he would not forbid it, but would remark
that he would rather they listen and understand, than copy anything down. He
never dictated notes or constructed board summaries for them to copy later. The
consequence of this was that important notes or principles would not always be
recorded for later reference. However, students would often copy solutions to
problem tasks from the chalk board.

During the time I observed, I never saw him use notes. He rarely brought anything
with him to class, except for the current list of problem tasks, his mark book,
handouts or work to be returned to students such as test scripts. In all lessons, he
would use the chalk board to illustrate his descriptions or explanations. He had a

very good understanding of the topics and made every attempt to explain carefully
and clearly to the students.
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I found Jack’s direct teaching to be interesting and carefully constructed. He often
expanded the topic, bringing in interesting and relevant facts in an attempt to
relate it to student’s lives or make the topic more relevant. For example, when
talking about alternating current, he spoke about the historical reasons for the
decision to choose it over direct current. A number of the students mentioned this
when asked to comment on their science lessons. For example, Bruce had this to
say: “Mr Jones makes it interesting. He tells a lot of stories, which you can relate
to, so actually it does make the class interesting” (Bruce, Interview). However, this
time spent on expansion was not always appreciated and some students felt he was
digressing: “It's good that Mr. Jones adds some extra knowledge into the subject, to
make it more enjoyable, but sometimes too much, and the syllabus is rushed at. the
end of the term” (Tony, Questionnaire).

4.3.2  Going over the problem tasks

By far the most frequent activity was going over problem tasks, particularly those
assigned for homework and those encountered in their tests and examinations.
This occupied about 50% of all available time.

The students were given sets of worksheets containing the problem tasks, with
their notes at the beginning of the year. Near the end of each lesson or after the
bell had rung, Jack would refer to his worksheet of problem tasks and tell the
students to complete the next four or five problem tasks. He appeared to choose an
arbitrary number of problem tasks. From comments made by students in the
questionnaires, the tasks would take them about 30 to 60 minutes to complete. He
rarely collected in their exercise books to check if homework had been done.
However, he quickly found out when homework had not been done. He had the
style of walking around the class while teaching and would ask students for their
answers. If they were unable to provide one, he would then probe further to see if
the homework had been completed. Besides making the student work through that
problem task, he took no action.

Table 4-3 indicates the number of tasks per topic and the approximate number of
periods that Jack spent going over them. While the table does not give an
indication of the type or quality of problem tasks, it does give an idea of the
number of worksheets the students had to complete during the year and the

Table 4-3 Number of problem tasks per topic and the time spent
going over them.
Topic Number of No of Periods
worksheets | problem | going
tasks over
(approx.)
Newton’s laws & Gravitation 1 29 15
Momentum, WEP 1 39 9
Electrostatics & Electricity 6 87 19
Rates & Equilibria 2 33 10
Acids, Bases 1 13 3
Elecrochem 1 17 3
Organic 1 13 4

Totals 13 211 63
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differing emphasis from topic to topic. This table does not include the problem
tasks from tests and examinations.

Whether he was introducing a new problem type or going over a problem task that
had been attempted, the instruction would fall within a framework that could best
be described as " watch carefully how I do it". This mode of careful explaining was
the dominant activity in his class. Most of the time Jack did the talking. He made
use of the board all the time and nearly every problem task was represented
through a diagram of some description. He started by reading the problem task out
and the students followed on their worksheets. He represented the information
provided through a diagram and wrote in any values provided on the diagram. He
then talked his way through the problem task providing the solution path. At this
stage the interaction with the class increased as he asked them to fill in bits of
information, often the results of calculations. At the end, he monitored how many
had got the correct answer. Sometimes he ascertained who had difficulty with a
problem beforehand or asked individual students how to solve the problem. He only
came with prepared solutions after a test, in which case he had a one-page
summary or model answer, to which he referred. Normally he just modelled how he
wanted them to solve the problem. This pattern of going over problem tasks
changed sometimes for multiple choice or drill questions where he would
sometimes just call out answers.

A substantial extract from a lesson is provided in Appendix D which illustrates this
activity of "going over problems'. In this case, a number of tasks had been assigned
for homework and he was systematically going through the list of problem tasks
showing the students how to solve them. The extract illustrates how Jack solved
the problem tasks by providing the solution strategy. The student’s role was
limited to providing chorus answers, short individual answers to numerical
calculations or confirming Jack’s procedure and answers. During this process, Jack
monitored the success of students and would immediately help any students who
had a difficulty in understanding how to solve a problem.

4.3.3 __ Other activities

Practical work.

During the year, the students spent about seven hours doing practical work
themselves. These were standard practicals, indicated as examinable in the
syllabus and to be done by students. The practicals done by the students were:
determination of gravitational acceleration; factors affecting rates of reaction;
verification of Ohm’s law and Joule’s law; and titration of an unknown against a
standard solution. These always took the form of working in groups of four or five
and following a set of instructions provided by Jack. The first two took place during
the appropriate topic while the others took place Just before the scheduled practical
examination at year-end. (Students wrote a pen and pencil practical examination
which together with a similar examination taken at the end of standard nine
contributed to their practical examination mark. This counted about 17% toward
the assessed mark submitted by the school for each student.)

Prgctical wgrk was not an integrated part of the instruction. It was not a matter of
using practical work to illustrate a phenomenon or investigate a problem task
which arose during instruction. It normally took place in a planned way, scheduled
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at Jack's convenience and not always at appropriate times within the teaching of a
topic. When I queried the scheduling of a practical after the students had already
finished the section on Newton’s laws and were about to write a test on it, he
replied:

........ Yes, definitely a weakness in terms of how I have gone about it this year.
It was bad planning on my part that I got to a stage where I should have had
the prac, sorted it out and I had not planned for it. The ideal would be to have
the prac early so they could see, as you load the suspended mass as opposed to
the trolley mass, the acceleration increases...and if you have given me a wrap
across the knuckles there, it is totally justified. I shouldn't have done it. I
endeavour to do the prac before I do that but I just did not get around to it this
time. (Jack, Informal interview, 17 /02)

On about five or six occasions, particularly during the chemistry topics, Jack
carried out demonstrations. He would assemble ( or ask the laboratory assistant to
do so ) all the apparatus and chemicals at the back of the classroom before the
lesson. The students gathered around and he carried out the demonstrations in an
interactive way, asking questions and getting students to participate. However, the
majority would just stand and watch as Jack “ explained carefully”.

Tests and examinations

Tests and examinations occupied a significant portion of all teaching time
available, i.e. approximately 20%. Jack attempted to give two tests for each of the
sections. The only section which did not have two tests was “acids and bases”. The
students wrote 13 tests mostly during Monday double periods. The three
examinations were written near the end of each term and consisted of two 2 hcur
papers (one physics the other chemistry). The students were told at least three or
four days ahead of time that a test had been scheduled. On the day, Jack would
make sure that the students were as spread out as possible, so they could not copy.
No talking was allowed and students were given a page with the questions on.
They worked in their test books. This allowed students to refer back to previous
tests and corrections they had made. I saw students quietly turn back pages when
Jack was not looking. From comments made in interviews, it was common
knowledge that a few students did cheat during their tests and a student was
caught assisting another during an examination.

4.4 CLASS ENVIRONMENT

441 Interactions

As mentioned in above, Jack would interact with a number of the students by
asking them questions and getting them to raise their hands to indicate if they had
a problem task correct or incorrect. Every now and then but certainly not every
lesson, he would get a student to go to the board and either explain an answer or
complete a diagram or graph that he was discussing with the class. Although he
did much of the talking and explaining he encouraged all the students to ask
questions : '

Generally Mr Jones does much of the talking, but he frequently asks for

opinions and questions. There is usually not much written work taking place

during the lessons, and generally not much homework. His lessons are
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enjoyable, since we are usually active during the lesson, and not merely
expected to absorb like a sponge; it is also greatly emphasised that we must
ask questions, his favourite saying being “Have I ever shouted at you for
asking a question?” (Sean, questionnaire)

Not all had the same positive view of the classroom interactions. For example, Eric
had this to say in response to a question about what they do in science class:

You sit at the desk and, you just get taught and taught and taught, and you're
asked a few questions and that's about it. And you must go home and learn
that again. (Eric, Interview)

Although Jack encouraged all students to ask questions, not all students wanted to
get involved. They would avoid answering questions or drawing attention to
themselves resulting in a minimum of verbal interaction with Jack. One student,
who for the most part was successful in avoiding Jack’s questioning, was Rathan:

Int.: Do you have occasions where you have questions that, “I don't
understand what's going on there,” and -
Rathan I do, but then I -1 don't feel that - okay, he's not going to - he

told us plenty of times - he's not going to penalise us for asking
questions. But I don't feel at ease with him, asking him
questions. I don't know.

Int. Do you ask Ken?

Rathan Ken sits next to me.

Int.: So, do you communicate with him?

Rathan Yes.

Int.: Would you prefer to ask him a question than out into the class
or to Mr Jones.

Rathan Definitely.

Int. If you could put yourself into Mr Jones's shoes, and you're -

standing in the front and he looks at you, what do you think
he's thinking? What does he think of you as a student?

Rathan Well, probably he thinks I'm dumb. I just sit there; I don't ask
him anything. I don't know. I would think that... because Tjust
sit there...I just listen to him.

Int.: So what do you think he thinks?

Rathan I think he thinks I'm stupid, ........ because I ... can't
communicate with him.

(Rathan interview)

There were eight students, falling into two groups, who appeared to dominate the
student-teacher verbal interaction in Jack's classroom and who I refer to as the
target students (Tobin, 1990, October). The one group was Tom, James, William,
Sean and Donald. They were selected by Jack to answer questions because they
were usually first with their hands up to answer or were the only hands up. In
these cases, Jack would normally select one of them to answer. If Jack was asking
a number of questions in rapid sequence concerning a problem task and students
were not requested to raise their hands, they would usually be first to call out a
response. They were invariably the ones who would ask questions of clarification or

extengion. Consequently, they dominated verbal interaction with Jack and were
most involved in the observable class interaction.
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However, he did not always follow this pattern of selecting these target students
during questioning. He would sometimes pose a question and ask for hands up and
then wait for the majority of hands before selecting. About half the time in those
case he would choose a student who did not have their hand up. These were
usually students who did not achieve on the tests and who did not volunteer to

answer. These students formed the second target group being Tony, Chris and
Ken.

Both Jack and the students recognised that they formed an identifiable group in
~ class, characterised by their involvement. This is shown in the following two
extracts, one from Tom and the other from Jack.

You just have a couple who ask a few more questions and tend to be a bit
more, a bit more involved than the rest. I know, I mean there are a few of us
who are involved but most of the others, just sit back and you know, they
listen and they don't really get involved (Tom, Interview).

Jack: That the top set operate at that higher level and that it is in
their interest to in fact concentrate, ask questions etc in order
to achieve that level. Rathan, Tony , a couple of other chaps,
.... don’t ask questions, they just don’t ask questions and their
improvement is going to be limited until such time as they do
ask questions.

Int: Why do you think they don’t ask questions?

Jack: ... I think that maybe they are just tend to be retiring kind of
kids. Andre front left, very very quiet kid, you never hear a
peep out of him. Got a 100% for this test. He'll walk an A at the
end of the year. ....Then there’s Sean - sitting in the middle row
- he asks questions constantly, some of them stupid questions,
that I actually think he’s almost taking the mickey out of me,
but he works, he really grovels, and I believe that Sean over
achieves because of that- 71, .....79.[referring to his list of
marks) (Jack interview, 10/02)

An analysis of two weeks of teaching during the topic of electrostatics confirmed
much of the above. Reference to Table 4-4 below, shows that over the 14 periods,
the majority of students had three or less interactions with Jack. These interaction
were of different duration, some involved one word answer, while other were more
detailed responses. However, the vast majority of interactions only involved short
exchanges of a few words, as evidenced in the extracts from the lesson transcripts.
During a single period lesson between 6 and 10 students were involved in some
form of dialogue with Jack while in a double period lesson this rose to between 20
and 30. During a lesson with direct teaching, e.g. the introduction to electric fields,
the number of interactions halved.

Table 4-4 Number of students involved in interactions over two week
period.

Interactions 0-1 2-3 4-5 6-7 8-9 10 +

No of Students 11 9 6 2 2 2

The analysis also confirmed that the students who had higher frequencies of
interaction were the target students e.g. 10 plus interactions refers to Ken and
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William. I repeated the analysis for a section of chemistry and interactions were
very similar although one of the target students, Ken virtually stopped asking and
one or two others i.e. James and Tom increased their rates. This indicates that a
detailed study of interactions for chemistry and physics might produce a similar
quantity of interactions but the students involved could be different.

4.4.2 Discipline

Jack had a very strong presence within the class and had no problems with class
management. In my time as observer, there were no serious disciplinary problems
where the lesson was disrupted to deal with an individual. There were also no
instances of a student being punished with dismissal from the class, detention or
extra work. He could command attention when he wanted it. He very rarely
commented on students’ activities outside of the class such as exploits on the rugby
field or their personal matters. However, Jack recognised that the class
environment was important especially the students’ relationship with him:

A great deal of motivation and there's another point, you - me can obviously
pick it up that some of the kids respond to me as a person, respond to my
humour or attempts at humour whichever way you look at it, and they like me
as a person. And that's a big thing. Parents will sometimes come in and ask,
and I've asked them - is it me- if they've been having trouble with science.
....I've asked them, I've said , “right well, you get feedback from Johnny. It
might be a difficult question but does Johnny like me?” Oh yes, he likes you
very much. Well that's half the problem solved if there was a problem. But if
a kid doesn't gel with me, well it's going to be difficult because he comes in “
Oh it's that fool again”, and that's not a basis from which to work. I like all of
these kids, that doesn't mean to say that I like all of the kids that I've ever
taught. But in terms of relationships between two people they're on the right
side already because I like them. And if they like me, well that's half the
battle won. The kid who doesn't like me, who sits here and quietly sneers
behind his hand if I make a comment etc is not going to ask a question. When I
crack a corny joke and they all moan, I'm happy. [laughs] When they stop
moaning I know I've got a problem. (Jack, informal interview, 10/02)

As indicated in the extract, Jack would make some jokes which would raise some
laughter from the class. These were often related to the work at hand or at the
expense of an individual student. On a few occasions he advanced on a student in a
threatening manner mostly for a “stupid answer” or inattention. It would provide
amusement for the class but obvious discomfort for the student. From their body
language and the class response of jeering or mock warnings that they were dead, I
felt their discomfort was due to all the attention rather than because they were
unsuccessful in answering. Student laughter was at Jack’s actions or the possibility

of actions not the wrong responses to the question. He appeared to have complete
overt control.

4.4.3 _Student perceptions

Not all the students appreciated his attempts at jokes or the strict class
environment he created. For example, Rathan said he did not feel “at ease” with
Mr. Jones. When asked how this could be changed he replied that:

........ I think crack a few jokes now and again. With Mr Jones you daren't
laugh. Very seldom does he crack a joke, say something funny. If he does say
something funny, it's not that the whole class that catches; it's just a few guys
will catch. So we should be more at ease. (Rathan, interview.)
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Some other students felt they might do better under a different environment. For
example, Richard said:

I work hard at science when I'm at home, but I have not achieved successful
results. I am not criticising the teacher, but I believe I could do a lot better
under a different teaching environment. I received an “A” in the Std 8 exam
because I went to extra lessons. I feel that a more relaxed and enjoyable
working environment is better for me. (Richard, questionnaire)

However, this was not necessarily the general opinion of all the students. A
number focused on what Jack did for them overall as typified by the following
comment from Jean on a questionnaire. “Science in the class, however, is made
more than just interesting by an enthusiastic teacher who is obviously genuinely
concerned about our individual achievements”. Other students particularly the
target students, enjoyed their science class:

I enjoy the Science class. It's a very enjoyable ... I've been in some boring
Science classes, but Mr Jones's class is actually very enjoyable, because he's
always ... you know, it's never stale; he's always got a thrust of humour, and
you can actually put across different points of view, challenge him at certain
times - not all the time [LAUGHS], certain times. He covers everything very
comprehensively.

When asked if they thought he was a good teacher the response was always
positive. From these and other comments, I came to the conclusion that the
classroom environment was perceived differently by different students. This first
became apparent to me when I showed them a video extract of themselves, made
while Jack was going over some problem tasks. The response from the students
was interesting, especially the difference between someone I identified as a target
student, Bruce who wrote “This seems to be a normal class ‘functioning’. We are
listening, paying attention and responding to what Mr Jones is telling us. A pretty
normal, rather indifferent science lesson.” and the response from another stud=nt
Phil, “T'o me this is normal behaviour. I suppose one does get a bit bored
sometimes and this might explain everyone’s talking and all the looking out the
window.” Given that they were viewing the same event, I was surprised, but
subsequent observations supported the view that there were multiple perspectives
on the classroom environment.
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CHAPTER 5

WHAT HAPPENS IN SUSAN'S SCIENCE CLASSROOM

In this chapter, I have presented the second case study dealing with Susan’s
classroom. It is also based on over sixty visits to the school during the year and
gives an alternative view of what happens in a science classroom. The format of the
description is not the same as the one for Jack. This was done for two reasons. It
was not the purpose of the study to compare the classrooms, so it was not
necessary to have identical analyses. In addition, because the class environments
were different, I have focused on those aspects which appeared relevant to the
study and helped create a rich description of this particular classroom. Taken with
the case of Jack, it provides the descriptive foundation on which the analysis and
interpretations of this study are based.

5.1 CONTEXTUAL INFORMATION

M.C. High School is a public school for boys and girls from grades 8 to 12. It is
situated in an area historically reserved for members of the white community and
was considered a lower-middle class suburb with a range of housing including both
affluent houses with swimming pools and low cost housing complexes. Because of a
dwindling school intake, the school began to draw in students from other
historically black residential areas even before residential restrictions had been
lifted. This resulted in the school having about 800 students drawn from diverse
home backgrounds with approximately 40% being black students all of whom had
joined the school within the previous 3 years. The school was well resourced and
had many teaching facilities, an administration block, school hall, sports fields and
swimming pool. It had a number of laboratories, a library, and specialist rooms. It
encouraged a number of extra-curricular activities such as school plays and
community projects.

Mrs. Susan Smith was an experienced science teacher, having been teaching for
over ten years. At the time of the study, she occupied a senior position on the
school staff and had many responsibilities, other than her physical science class.
Classes would regularly be disturbed, as other staff would need to speak to her
about administrative matters. She also was involved in organising the school
sports programme, the school timetable and was actively involved in professional
teacher associations. At the start of the study, I had already met Susan a number
of times at many science teacher association activities.

Each week Susan taught 33 periods of 35 minutes with twelve “free” periods
during which she could prepare, mark, or deal with administrative matters. Susan
was a very busy teacher with little free time. She was always very busy with a
number of extra mural and administrative duties over and above her teaching. She
was always about to leave for a meeting or to meet someone or had a pile of
administrative work on her table that needed to be finished as soon as possible.
Consequently, it was difficult to organise interviews with her. She often appeared

tired and rushed and had to apologise to students for not finishing the marking of
work or providing notes for sections that they were doing.
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The students and classroom

Susan's standard ten (Year 12) class, that I observed, had 30 students for most of
the time I was present. The number fluctuated as a student departed in February
with another joining the class a few days later. At the end of the second term, two
students left. The class was multicultural in composition, containing 13 students
for whom English was not their home language. However, all were able to read,
write and speak English. These students had joined the school at various times in
the past three years. About four were very fluent and confident in English but
many of the others had difficulty with the language, especially when it came to
classroom discussion or questioning. Often, during class interactions, they would
converse with each other in Zulu.

There were 11 females and 19 males. The overwhelming majority had been at the
school for at least two or three years. Susan had taught some of the students in
previous years, either in Grade 11 or 10. About half her students had registered for
the senior certificate examination (matric) on the higher grade and the rest on
standard grade. During the year, some changed grades and eventually 12 chose to
write the physical science examinations at higher grade. When the students were
divided into classes for science, Susan received the higher grade students and the
best of the standard grade students, based on the standard nine examination
results. Consequently, it was seen as the top set. The class can best be described as
heterogeneous, containing students of both sexes, different cultural and language
groups, and students attempting the examinations at different grades.

Except when the students were doing experiments, which was a rare occurrence,
all teaching took place in a lecture room. A schematic diagram showing the layout
and student seating plan is provided by Figure 5-1. The room had five rows of
wooden benches with aisles up the middle and sides. Each bench could
accommodate up to four students although in the case of this class, Susan made
them sit three to a bench except for the one bench at the back that had four
students. Consequently, they each had plenty of bench space on which to work.
Down each side of the room were large windows, one side adjacent to the corridor
and the other side looking onto a field. At the back were two notice boards virtually
covering the back wall. They contained school notices, a few posters from
government departments concerning water conservation and the year of the tree.
These did not change during the year.

The room was relatively small with a demonstration desk at the front. Behind it
was a large blackboard on which all teaching took place. In front of the desk, on a
small table was an overhead projector which was rarely used. Susan usually sat
behind the desk using it as a large table. It was always covered with piles of
student books, notes and Susan's personal books and effects. On the one side near
the door was a bookcase that held copies of the notes given to the various classes
and piles of student test books and a few textbooks. On the other side of the bench
were an unused fume cupboard and a door leading into a storeroom. This contained
a desk for Susan and chemicals, glassware and apparatus arranged on open
shelves. It was not well organised and showed evidence of stuff being hurriedly put
away or simply left on the floor after a practical activity.

All students were quite close to each other so conversations could take place
between Susan and a student or between any two students without much effort or
shouting. During the year, some of the students did change their positions. In one
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case Susan moved a student for disciplinary reasons and sometimes students
would fight with others in their row and the next day would have swapped or just
joined another row. However, this was not the norm. For the most part the
students kept the same seats for the whole year.
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Figure 5-1 Diagram of Susan’s classroom.

Use of time

Physical science was taught four times a we
ek (three double periods and a sing]
giving a total of seven 35 minute periods a week. In all, the students attendedg9e)
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periods a day of 35 minutes each. Examination of Table 5-1 shows that they
attended science class 122 times during the year for a total of about 116 hours with
approximately 23 hours (44 periods) lost due to the scheduling of term
examinations or other reasons such as Susan not being present at school.

Table 5-1 Susan’s class: Number of periods for teaching science in
each term
Std 10 year o .
* Q E & jslv s —_
Term Ts | T 2857 | w ~ 888
5w S wn®w 2La o 9= S n o = 23
£ |88 | T2E|Zcs 5gE |53E|25¢
) o= n .3 oo Q [T/ 5]
= |23 58|78\ &58 E58|
1st  Jan-March 11 70 6 64 4 60 36
20d - April - June 12 80 8 72 11 61 34
34 July- Sept 9 63 4 59 11 48 30 |
4t QOct- Nov 30 0 30 0 30 22
Totals 37 243 18 225 26 199 122

The syllabi for standard grade and higher grade contained the same sections or
topics of work. Consequently, Susan was able to teach the sections at the same
time. Table 5-2 provides the sequence in which the topics were taught for the two
years.

Table 5-2 Susan’ class: Order in which the syllabus topics were
taught.
Term Standard 9 Year 11 Standard 10 Year 12
1st Basic concepts in chemistry Graphs & Equations of motion
Newton's laws &Gravitation
Periodic Table Momentum & Work, energy & power
2nd Bonding Electrostatics
Electricity,
Kinetic model of matter Rates & Equilibria |
3rd Inorganic chemistry Acids & Bases
(Sulphur, Nitrogen etc) Electrochemistry
Organic ]
4th Vectors : Revision in preparation for
examination ]

Where higher grade students were required to do different work, she would set
work for the standard grade students and then work with the higher grade group.
She often gave different worksheets and tests to the two groups and would go over
the work independently. She would ask the one group to continue with their
worksheet problem tasks, while she went over the other group's test or homework.
This organisation of the teaching disadvantaged the standard grade students to
some extent. Susan had to cover topics in more depth with the higher grade
students. This took up time, which in a class of only standard grade students could
have been spent working though relevant problem tasks at a slower pace. At the
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same time, the higher grade students were to some extent disadvantaged. When
dealing with a task that was exclusive for higher grade more than half the class
would not be listening, and there was a tendency for noise levels to rise as
conversations started amongst the standard grade students. The flow of her
explanations would be interrupted by students querying if this topic was also
applicable for them, or by Susan checking to see that they were doing the work
allocated or asking them to quieten down. .

For example, during the teaching and learning of the topic chemical equilibrium
Susan had to work with the higher grade students on the calculation of equilibrium
concentrations which was not in the standard grade syllabus. In the following
extract, Susan had just completed going over the previous day's homework
involving a few problem tasks on Le Chatelier's principle:

Mrs S.: Today I want to do....... What I want to do today...”Let's look at
a theoretical equation”.

[She then explains the derivation of the equilibrium constant
expression. She works on the board and some of the students
are listening while others are not paying attention. She then
ends her explanation.]

Mrs S.: ... divided by the product of all the reactants. Now that is a
long mathematical explanation to get to this formula. That is
the general formula for all equations.’

Frances: Does standard grade need to know that formula?
Mrs S.: No. '
Student: Standard grade doesn't need to do this?
Mrs S.: Standard grade does not need to know that.
[She laughs and some students make comments.]
Gavin: Here I was wondering how I was going to understand this.
Mrs.S.: But it is very easy to understand. You are not going to be

examined on it as such, but I am going to give you a few
examples to do, just...... [Student interrupts her]

Frances: Is this a standard grade section?

Mrs S.: No it will be, ......... Effects on the reaction rate is a standard
grade section. Your............ Calculations are not a standard
grade section.

Student: Theory?

Mrs S.: Theory is a standard grade section. So, I am going to let you go

half way in the calculation process. All right. So how does that

apply to a genuine equation. This is for HG. You must know
the derivation of it.

Student: If there is more than one product.
Mrs S.: Goes on top of the line. I will show you what happens using
hydrogen iodide example.
Gavin: Phew, I don't know how they expect us to know that.
Mrs S.: OK, let's take the example....
[writes on the board and explains how to get the Kc value.]
2
Hz + Is— 2HI Ke = HI
H,I,

Mrs Smith:  That's as far as I want to go.
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Gavin Is that the answer.
Mrs S. That's the answer as far as standard grade are concerned.

This extract shows that the students were sometimes confused as to exactly what
was to be left out. In most cases, Susan would simply announce that this section
was not in the syllabus or not examinable. The students never questioned why it
was to be left out but would rather concentrate on determining exactly what was to
be left out.

5.2 OVERVIEW OF YEAR’S ACTIVITIES

During my time in the classroom, I paid careful attention to the different classroom
topics and activities that took place in Susan's classroom. I felt that an important
indicator of the role that various activities, such as problem solving and practical
work, played in the teaching of school science, could be deduced from the relative
amounts of time spent on them during the school year. In the following sections a
general description of the time spent on each physical science topic and classroom
academic activities is given. The focus is on how the time was used for teaching
and learning. This is followed by a description of the recurring patterns of these
activities, together with changes that occurred during the year from semester one
to four and as the topics changed from physics to chemistry.

5.2.1 Use of available time

Each topic in the syllabus was treated as a separate unit of work with Susan
announcing its beginning and end. It would have its own distinct set of notes,
worksheets and tests. Table 5-3 below indicates the approximate number of periods
that were spent on each of the sections during the year compared to the syllabus
allocation. ’

At the beginning of the first term, Susan spent a few periods revising Vectors. She
then dealt with the section “Graphs and equations of motion”. According to the
syllabus, this should have been completed in Standard nine. Susan kept to the
general guide provided by the syllabus. However, when it came to the third term
and the final chemistry topics, much less time was spent than advised by the
syllabus. On more than one occasion Susan stated that she could complete the topic
of electrochemistry in a double period which is a significantly less than the 15
suggested. The fourth term was spent preparing for the matric examinations with
students working through past examination papers.

What is not reflected in the table are the periods spent going over the term
examinations in June and September and the periods spent doing general revising.
These involved all the topics dealt with during the year and some of the
examinable topics dealt with in standard nine e.g. inorganic chemistry and vectors.



Table 5-3 Time allocated in syllabus vs actual time spent per section.

Topics taught in Standard 10 Syllabus Actual
guide (35min | periods
periods)

Graphs & Equation of motion (£15) 17

Newton's laws, momentum and WEP 30 30

Electrostatics and electricity 42 38

Total for Physics | 72 (87) 85

Rates and Equilibrium 18 13

Acids and bases 18 15*

Electrochemistry 15 10*

Organic 21 15%

Total for Chemistry | 72 53
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()  The topic “Graphs and Equations of motion” was supposed to be completed in Standard nine.
The 15 refers to the allocation for standard nine.

*

only as I was not always present.

5.2.2  Patterns of activities

The distribution of periods for the chemistry topics is accurate to within two or three periods

Although the amount of time spent per topic was in most cases very different, the

general pattern of lessons was very similar across topics. Susan often introduced a
new topic by referring to the examination requirements for the section. For
example, in the extract below she referred to the practicals that they needed to do
as they were listed as examinable in the syllabus:

Mrs. Smith::

Today, we're going to start the next section of work, which is
acids and bases, and I've got the notes for you.

[Short time interval while students talk to each other and the
notes are distributed by Susan]

Please make sure that you've all got those. Now, this is a very
nice section of work, Standard 10. There are some pracs
involved, which you will do yourselves. Um ... and they are
examinable. Fairly soon - I'm not quite sure of the date, but
sometime before trials - you'll be writing a prac exam ... on the

examinable pracs so I will let you know which ones you're
looking at.

[One minute discussion between Susan and a student who says
he did not write any practical examinations in standard 9. ]

Okay, Standard 10. Let's start off with two words that I want
you to look at and explain the difference to me. We've discussed
them before. The one word is “dissociate” and the other word
“ionise”. Spelt with s or a z. Right. Who can explain the
difference to me between those two words. Give me the name of
one substance which dissociates and one substance which
lonises. ... Without reading the notes. ... I want you to use your
memory, or the little bit that - hasn't been lost over the
holidays. (Susan, fieldnotes, 28/07.)
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Susan then spent a short time introducing the topic and explaining the main
concepts. This did not generally exceed 20 minutes. During this time, some form of
formula or set of principles would be introduced and a simple example
demonstrated on the board where the formula or principles were used. A worksheet
would then be handed out or problem tasks in their textbook would be allocated.

These problem tasks were assigned to be started in class but to be completed as
homework. The following day she would work through the problem tasks. When
that was complete, she would introduce a further topic or associated formula. The
same pattern would be repeated with problem tasks allocated and gone over when
completed by the class. When all the formulae or principles applicable to the
section had been completed, then a longer period was spent with students doing
further problem tasks. Susan acknowledged this regular pattern of dealing with
the subject matter, as being typical of her teaching.

Int.: - I would like to reflect on that particular one, and the first
question is how typical a lesson is that, in terms of the whole
year? Obviously, no other lesson will be identical to that one.

Susan: Yes. Ithink it's pretty typical. I try to do it so that I do the
work at the beginning of the lesson, perhaps start off the lesson
with marking homework, that type of thing, then I try and go
through the ...if there's any content to be taught, to teach that
content. Ilike to have questions related to that content
answered immediately afterwards. And then an extension for
homework and anything like that. I think it's pretty typical of
what I'm trying to do.

This pattern was also recognised as typical by the students:

We learn about the certain chapter and we get notes and also worksheets on
that chapter. If there's still some time before the end of period we start our
worksheets and finish them for homework. Sometimes they are given simply
as homework. (Bonisiwe, questionnaire)

This sequence would be interrupted by a test that was normally held on the
Wednesday and some time on the Thursday or subsequent day, was used to hand
back the books and go over the problem tasks. Very occasionally, they would spend
time doing a practical activity. An example of this normal sequence of activities for
two weeks, is presented in Figure 5-2 below.

Susan divided the section dealing with chemical equilibrium into four main topics.
On the Monday, after completing the section on Rates of reactions, she introduced
the topic of chemical equilibrium and concentrated on dealing with the general
factors affecting equilibrium. Having given the class homework, she went over this
on Tuesday. This was followed by an introduction to the expression for the
equilibrium constant (Kc value). A worksheet of problem task was given and the
students work on these in class. The homework was to study for the test that
would take place the next day. On Thursday, Susan went over the problem tasks
from the Tuesday and introduced problem tasks dealing with the calculation of the
value of the equilibrium constant.

The pattern continued with the last part of the topic dealing with the calculation of
equilibrium concentrations taking place on Monday. These time intervals of
presenting new topics or problem types were followed by activities of working on
problem tasks and going over problem tasks. This was a characteristic sequence of



59

Start of lesson : 35 min End: 70 min
P
Wednesday

‘ Test 35

Thursday

AMN 5 GOP 21 AMN3 | GOP 10- AMN 6 WOP 18 :

Monday

AMN 2 GOP 13 INT 16 PON 9 INT 25

Tuesday:

( AMN4 | GOP4 INT 9 AMN 10 WOP 35

Wednesday

‘ Test 35

Thursday

GOP 15 AMN 4 INT 8 AMN 4 WOP 30 w

Monday

GCP 8 AMN 4 INT 35 WOP 18

Tuesday

GOP 11 AMN 8 GOP 5 Revision 38

Key to abbreviations
Numbers represent time in minutes. Example INT 8 represents 8 minutes spent on introducing a new topic.
The bars and divisions are not to scale

AMN Administration.

GOP Going over worksheet or test problems .

INT Introducing a new topic or problem type.
WOP Working on problems.

Test Writing a test.

Revision Working on problems from a previous section
PDN Practical demonstration

Figure 5-2 Susan’s class: Sequence of activities during two weeks.

activities for Susan's class interrupted only by work associated with tests and
examinations or a rare practical activity.

5.2.3  Changes during the vear

Although the sequence of activities were very similar across topics, the proportion
of time spent on each of the activities changed as the year progressed. Table 5-4
indicates the time spent over a two week period at the start of a new section for

both a physics section of work (equations of motion in February) and a chemistry
section (chemical equilibrium in June).
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Table 5-4 Comparison between time spent on activities for a
chemistry and a physics topic.

Activity Physics topic Chemistry topic Average B
(min.) |% of total | (min) | % of total | (min.) | % of total
Administration 59 12% 85 17% 144 15% |
Direct teaching 85 18% 106 22% 191 20%
Working on problems 224 46% 101 21% 325 33%
Writing a test 35 7% 70 14% 105 10% |
Going over problems 87 18% 88 18% 175 18%
. |Revision 38 7% 38 4%
Minutes available in 490 100% 490 100% 980 100%
two weeks

While the other activities showed little significant difference, the relative amount
of time given to the students to work on problem tasks in class, decreased
significantly from 46% for the physics topic to 21% for the chemistry topic which
took place later in the year. It must also be remembered that while the time
decreased by half, the total amount of time allocated to a topic also decreased for
the chemistry topics (see Table 5-3). Consequently, the actual time allocated to
working on physics problem tasks in class was significantly greater than that spent
on chemistry problem tasks.

5.3 THE CLASSROOM ACTIVITIES

To provide some perspective on the years activities, the percentage of total
available time allocated to the various activities is represented in Figure 5-3.

Writing tests Fractical Admin

and exams 5% 13%
15%

Direct
teaching
Going over 20%
problems
17%
Working on
problems
30%

Figure 5-3 Susan’s class: Percentage of time spent on each activity.
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Because I was not present for every period that was allocated for science during the
year, the figure represents an accurate approximation based on a detailed analysis
of four weeks of teaching i.e. two weeks of physics and two weeks of chemistry. I
extracted incidents of other activities such as tests, examinations and practical
session from my fieldnotes. Combining this information produced the
approximations presented. Each of these teaching activities is described in the
following sections.

5.3.1  Direct teaching

When Susan wanted to introduce the class to a new section of work or show them
how to solve a new type of problem task, she used a style referred to by Tobin
(1987) as whole class interactive. She would talk to the class as a whole using the
chalkboard to illustrate her explanations. While she was explaining she would
interact with individual students by allowing them opportunities to respond to
questions she posed or to ask questions. The rest of the class would listen while
this took place. This type of class activity occupied about 20% of all time.

A typical example of the style of teaching used in presented in Appendix E. This
extract was typical of Susan's style of teaching especially for the physics topics. Her
direct teaching style fits the pattern of being “formula-driven” (Touger, Dufresne,
Gerace, Harddiman, & Mestre, 1995). She would introduce the new law or concept
through a question and answer session trying to link it with work they had
previously done or with something, they could identify from their everyday lives. In
this example, she is leading them through, appealing to personal experience and
logic e.g. “If I had two identical objects, one made of iron and one made of plastic
and I applied the same force to each of them. What is going to happen?”. Once the
main concepts or nomenclature had been introduced, she would provide the
appropriate formula to use. She would then demonstrate how to solve simple
examples.

This pattern was normally used, except where a concept or principle did not involve
a formula e.g. Newton's first law. During her direct teaching, many questions were
asked by students mostly asking for clarification. They would constantly call out
questions, while she explained. These questions were limited to five or six target
students. There was also an emphasis on what was likely to be asked in the
examinations. If Susan did not indicate exactly the range of problem tasks or
requirements for the examination, one or other of the target students would ask

e.g. in this extract Frances asks clarification “ Will we have to know the actual
wording of the law?”.

I normally found Susan's explanations lacking in qualitative exploration of the
concepts or principles. Rather the direct teaching would focus on the relevant
formula and typical problem types associated with it. In general, it appeared that
Susan would use direct teaching whenever she wanted to introduce students to

new ideas or problem types, or to help them when they were stuck with getting to
the solution to a problem task.

5.3.2 _ Going over problem tasks

Susan spent a considerable amount of time (17%) going over problem tasks, which
the_ s’_cudents had attempted in class, for homework or during tests. Although this
activity was very similar in nature to direct teaching, I have placed it in a category
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of its own. It always had the same focus of providing answers and solution paths to
the allocated problem tasks. Despite the large number of problem tasks only a
relatively small amount of time was allocated to this activity. She was able to do
this by using two methods detailed below.

If homework had been set, then Susan would wander around the class and sign
their books while checking to see if they had done the work. She would then
proceed to go over the problem tasks using two methods. The first method, which I
refer to as the oral method, would be used with simpler problem tasks and would
not involve board work. Susan would sit on a desk at the front of the class and read
out the problem task from the worksheet, test or textbook. Sometimes she would
just state the answer, and on other occasions a student would call out the answer.
If there were no dissenting voices, she would ask if anyone had a question. If no
student indicated a difficulty, she would move on to the next problem task. In this
way, she could complete a number of the problem tasks in a short time interval.

The second method involved verbal explanation and board work. She would read
the question out aloud and then lead the class through the solution steps with
constant reference to diagrams, equations and calculations that she wrote on the
board at appropriate stages. She would use this method when students indicated
they did not understand how to do the problem task. She would also do this for
particular problem tasks without requests coming from the class, as if she was
aware of which problem tasks would be found difficult.

In the following extract, Susan was going over a test which was written the
previous day. She had handed out the marked test books and proceeded to explain
how to solve the problem tasks. Only about five or six students are paying careful
attention to her explanations of how to do the problem tasks. Most are busy
looking at their test answers:

Mrs. Smith:  Question number four. Did the mass have anything to do with
this question? ... Was the mass important to this question? ...
No! . OK, right. A steel ball of mass 10kg is released from a
tower 320 m high. It reaches the ground after 8s. Neglect air
pressure and air resistance and calculate the value of g using
this information. OK what have you got?...You have got the
initial velocity was zero, the mass 10kg the tower was 320 m
high and the time was 8s and you have to calculate g
[ She writes the values on the board]

The mass in this situation had no bearing on the question.
Right, so you can in fact ignore the mass.

[She crosses it out]

We are trying to find the acceleration with initial velocity, time
and displacement ...... Which formula are we going to use?

Student: [Some start calling out s equal ut...]

Mrs. Smith: s = ut + %at? and because u was nought we can ignore that part
and we find that a is equal to s over Yt2.
[Writes this formula on the board]
So that will be equal to 320 over Y2t2. 8 x 8is 64. S0 32 ..... S0
your answer is 32 ms 2.
Very simple straight forward calculation. Are there any
questions standard grade? Are you happy with that?....
[A few students make indecipherable comments about the
length of the test and after a short discussion the lesson



63

proceeds with the next activity.]
(Susan, Lesson transcript, 18/02)

Although the majority of students responded positively to my questions about
Susan's methods of going over problem tasks, there were some who had
suggestions to improve the activity. Hintsa expressed a need for Susan to allow the
students more opportunities to work on the board and demonstrate how to solve a
problem task, something which she only allowed to happen on rare occasions. Mark
complained, “But she doesn't go through many standard grade problems. She goes
through them orally but not physically on the board.” At the same time, he
suggested that she not provide explanations where only a small number of
students had difficulties but rather just “show them where they made their
mistakes”. One can understand this latter comment. Even if one student said they
did not understand, she would do it all again “for their benefit “. In most cases, the
explanation would be similar, using the same notations on the board. However, she
would emphasise each step of the solution strategy and check with the student to
see if they were following or had a question. While this occurred the other students
waited patiently or not so patiently.

5.3.3  Working on problem tasks

Students had opportunities to work on problem tasks both at home and during
normal class time. They were given a large percentage of the time available in
class (30%) to work on the problem tasks. Susan allocated the problem tasks,
taking them from worksheets or from their textbook. The precise number of
problem tasks was allocated sometimes out of sequence ( e.g. “Do numbers 1,2, 4,
and 97). She would indicate the formula or principle that they had to apply to solve
the problem tasks and she would emphasise that the task would not take them
very long.

When given these problem tasks, the students worked in a variety of patterns. The
most common pattern was working as a pair, with the student sitting next to them.
About nine pairs of students worked together in this way. They would work
individually in their exercise books and keep up communication on the problem
task with the person sitting next to them. If they were uncertain about the value to
use or the formula that had to be used, they would simply confer. Often they would
work together on a problem task i.e. writing on one piece of paper and both
contributing ideas for the solution which would then be transferred, so both
exercise books had the solution. The remaining students worked by themselves.
Students were permitted to walk around in the class, and several of them took
advantage of this to consult with other students. During this time, Susan did a lot
of interacting with pairs or individual students. They would leave their places and
go down to Susan at the front bench where she would help them with their task.

5.3.4 Writing tests and exams

Tests and examinations were a regular feature of the timetable. Susan allocated a
single 35 minute period on Wednesdays for tests. During the first half of the year,
they regularly wrote a test each Wednesday. In addition, school examinations took
place in March, June and September in each case, a week or two before the school
term ended. In all, they wrote twelve tests and three examinations occupying
about 15% of time available. At the end of a section, Susan would announce when
the test would take place. She would provide a few days for study and then
schedule for the nearest Wednesday. This resulted in tests taking place a few days
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or weeks after the completion of the section. Although the students knew that
regular tests were a part of the school programme in all subjects, they would
always complain about tests that had to be written. When they approached a
scheduled examination, time would be allocated in class for revision of some topics.
Susan would allow them to choose a topic they were having difficulty with and she
would answer any questions or provide a quick revision of the main concepts and
problem types. Students would also prepare by doing past examination papers.
Consequently, the writing of tests and preparation for them took a significant
amount of the science lesson time.

5.3.5  Practical work

While the school had a number of laboratories for practical work and employed a
laboratory assistant, only a small amount of time (5% ) was spent doing practical
work during the year. That which was done fell into two.categories,
demonstrations by Susan and group work by students. The demonstrations were of
short duration and would illustrate some principle that they were dealing with in
class. There were no more that four or five demonstrations during the year. There
was only one demonstration during the physics' sections. Susan took the class onto
a sports field and she threw various objects, such as a cricket ball and tennis ball,
at them to catch. This was used as an introduction to the section on momentum.

When the students did group work, these practicals took place in the laboratory
next door to the classroom. The students would be divided into groups of four or
five and given an instruction sheet to follow. For example, when the students were
doing a practical involving Ohm's law, the apparatus required was given to each
group. Following the written instructions, they set up the circuit, had it checked by
Susan and then took a series of readings which they recorded in their practical
book. For homework, they had to analyse the data by drawing graphs and write up
the practical. (The steps were provided in their instructions and again described in
detail in their textbooks, including the analysis and conclusion.) Susan then
marked this. Besides the Ohm’s law practical, they did a titration for acids and
bases and constructed an electrochemical cell.

These practicals did not necessarily take place at the time in the teaching sequence
when the principles were being dealt with or immediately after the “theory” lesson.
For example, the titration preparation took place on the 5% Aug while the practical
itself was done on 24'» August. A written practical examination was held later in
the year. While this included questions on a number of practicals that they had not
actually done themselves, they were able to learn for this test by referring to their
textbooks which described all the relevant practicals in detail.

Neither the students nor Susan was satisfied with the situation involving practical
work. Susan expressed a desire to do far more and blamed herself for being lazy.
However, she did not appear convinced that the practicals would help the students
significantly in their examinations. The following comment was made after a
lesson on the force between parallel conductors. She had drawn the diagrams on
the board, drawn attention to the sketches in their textbook and presented the
formula to calculate the forces, but no demonstration was carried out despite the
apparatus being available at the school. In the interview, I was asking questions
about the usefulness of a demonstration:
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Int.: Would it have helped them in any way to solve problems?

Susan: I don't think so.

Int.: Would it have helped them to get better marks in the final
exam?

Susan: They might have got one extra mark remembering that it came

together and went apart, but I don't think it's any ...perhaps...I
mean I doubt whether it would have been anything that they
couldn't learn, but it is better if they do see it, then they
do......they do tend to remember it better. But I just find with
practicals ...... it actually takes up so much of lesson time, and
preparation time. At the moment I just actually don't have it.
.......... I say it's probably laziness and I should have made more
effort. ButI don't think it's going to get them an extra mark in
the exam. If they're that keen then they would have learnt it
anyway. (Susan, Interview, 28/06)

The students enjoyed the practical work and were unanimous in a desire for more
practical work. This is exemplified by the following comment from one of the
students:

Maybe we should do practicals more than theory, by then everybody will have
a chance to do experiments. I promise you that's what every science student
would enjoy the most. (Zuz1we Questionnaire March)

5.3.6 Administration

A feature of Susan's class was the significant amount of time that was spent on
what could be termed non-teaching activities. I categorised these activities under
the heading of administrative matters. It included a number of activities such as
the handing out of notes, students arriving late and delaying the start of class,
obtaining test marks from students, chatting to students on matters unrelated to
the syllabus topic etc.

It was extremely rare for all 35 minutes of the period to be used for teaching and
learning activities. Often the start of the lesson would be delayed a few minutes as
the students arrived late from a previous class. They would enter talking, fooling
with friends, go to their place, and spend a minute removing their science books
from their bags and settling in for the lesson. At the same time, Susan would also
be putting notes and books aside from the previous lesson. It would have been
impossible for Susan to start the lesson at this stage. There were often
administrative matters that needed attention, especially at the start of lessons.
Added to this, there were many disruptions to the lessons. For example, Susan
would be called away from class to deal with a general school matter. As previously
stated, she had a number of responsibilities and would be called to deal with them.
These ranged from a quick consultation in the passage to leaving the class for up to
5 minutes while she went to some other part of the school. While Susan complained
about the variety of responsibilities and the work involved she did not prevent staff
from interrupting her lessons. Overall this administrative “activity” added up toa

significant amount of time being approximately 13% of all available time and was
accepted as a normal occurrence by ail the participants.
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5.4 CLASSROOM ENVIRONMENT

In describing the classroom environment, I have focused on four areas that I felt
would help characterise Susan's classroom environment. These were the general
classroom behaviour, the student-teacher interactions, the participants' views of
each other and their views of school science. These are each described in the
following sections. Together they should provide the reader with some insight into
the environment that existed in Susan's classroom.

5.4.1 General classroom behaviour.

While time was set aside for the different activities, this did not necessarily mean
that all the students spent their time concentrating on the task given to them. In
fact, many of the students were busy with other tasks. While most students would
pay attention at the beginning of her explanations, this was not the case, all the
time. At every opportunity, students would get distracted and it was not unusual
for her to talk with a background murmur from a few students holding
conversations with the student sitting next to them. A couple of students would
simply read their textbook or notes. They would look up every now and then and
would keep pace with the lesson, but were obviously not listening to Susan's
explanations.

Sometimes they would fall behind and would not know what stage had been
reached, as evidenced by the following comment during a lesson. Susan was using
direct teaching to explain the derivation of one of the equations of motion. Gavin
had been talking to the student sitting next to him and on looking at the board,
was obviously lost.
Mrs.S: Right. So we want to get A on its own. U is added to A, so it will

be V- U = AT. We want A on its own, so A is going to be equal

to (V - UYT. If you can do that in one step, please go ahead.....

Do you want to go wash your face. [Speaks to student who had

her head on the desk]

Fatima: No, thanks.

Mrs.S: You're sure?

Gavin: Where is this place?

Mrs.S: It's not anywhere. I'm talking to you. I'm teaching.

This was not an isolated incident. On many occasions students would be “lost” and
would ask those sitting next to them “where are we?”

I can only infer that Susan was aware that students were not attentive. The
evidence was overwhelming, including the background noise of students talking,
students reading books on their desks rather than watching her teaching, students
cutting and pasting their notes, the many requests for guidance as to what section
they were doing or where they were. Every now and then, she would appear upset
at the lack of attention For example in the following extract she was going over the
solution to some homework problem tasks and interrupted her explanation:

Mrs. Smith:  Right for question c. Find the velocity of the car after 11
seconds. What information do you use now? ..... You only need
to use the time...5 s because the first 6 seconds it was moving

Students (?velocity?)
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[A few indecipherable murmurs from one or two students.
Many students are busy with other activities. ]
Mrs Smith:  Standard ten! I actually get the feeling that nobody is
listening.
Students (?No, miss.?)
[Two students laugh. Others make comments denying this.]
Mrs. Smith: I do get the impression that nobody is paying any attention and
that I am wasting my time. ....... Are you listening?
Students Yes
[A few students loudly reply “Yes” while many other give a
general murmur of agreement.]
Mrs. Smith: OK. Right ........ Right the velocity after 11 seconds ....... Right
the first 6 seconds it was moving at constant ........
No disciplinary measures were taken to encourage attentiveness or concentration
on the task at hand. When working on problem tasks there was a similar
background noise from students talking to each other and requesting answers or
confirmation of answers for Susan.

There were four or five students, who actively avoided doing any productive work
for as long as they could. For example, they would take five or ten minutes to settle
down and actually start working on a problem task. Even then, they would become
distracted and on occasion disruptive. Moreover, the number who avoided working
increased dramatically when there was only a short time e.g. 10 minutes, before
the end of the period. They would start conversations with friends, read their
science or other schoolbooks, read library novels, or generally avoid doing any
productive work in class. Given that this working on problem tasks activity was
usually the last activity of the period, the students would anticipate the bell and
start packing up their books. On some days especially when this was the last
lesson of the day, and the bell would signal the end of the school day, some
students would stop working as much as 10 minutes before the end. They would
start talking to friends and the noise level in the class would slowly rise. Susan
would always request them to “quieten down” and on occasion threaten them with
more homework but this threat was never implemented.

Some students were not happy with the noise and indicated that it disturbed them.
Mark raised this issue without prompting and said “I do try and work and people
are making a noise and it puts me off. I can't concentrate and I'm trying to work ...
and they don't want to do their work and it puts me off.”

5.4.2 Interactions

When Susan was teaching or going over problem tasks, she encouraged the
students to ask questions. However, very few of the class actually participated in
asking or answering questions, without being directly asked by Susan. This was in
part due to the presence of five or six target students who dominated interactions
to the exclusion of others. Contributing to the lack of interaction was Susan's style

of questioning which gave students very little time to respond before Susan “filled
in” the answer.

Two of the target students, Frances and Thanda were by far the most vocal.
Thanda was one of the top students while Frances, who dropped to standard grade
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during the year, had a very outgoing and dominating personality and was on the
student representative council. When Susan asked questions of the class, they
would shout out answers before others. They would also ask questions while doing
problem tasks, by shouting to Susan at the front desk. When I asked Frances
about all her questions and the lack of questions from others her response was:

Their bad luck. They must look after themselves. The point is I mean it's the
matric year. You can't put any one else worries on top of yours. I mean your
main goal in life is to get through matric. Everyone thinks it's such a breeze.
It's not as breezy as everyone thinks.

The target students were not limited to those who did well. When asked who he
thought were her favourites in class, Mark responded that they would be those who
got the highest marks but “There are people who don't understand and will not be
her favourites but they will still get her attention.” Gavin was one of these. In his
case, many of the interactions were discipline related as Susan attempted to get
him to work or prevent him from disturbing others.

Two of the students, both English second language speakers, indicated that they
did not ask questions in class because they “had no problems”. They said they
would ask if they did not understand. Other than Thanda, the English second
language speakers rarely asked questions during whole class activities. Within the
data record of general classroom discourse there was very little record of students,
other than the target students, asking questions. However, when the students
were working on problem tasks, many different students would approach Susan for
help either individually or in pairs.

5.4.3  Views of participants

When asked her opinion of the class, Susan responded that she liked the class but
they were of very mixed ability and she was not expecting wonderful results from
them. Susan would often talk to the class on topics that were unrelated to science.
She would engage with individuals or the whole class on diverse topics such as
career choices to school sport to current affairs. From her comments, it was obvious
that she knew in which extra mural activities they participated. From all the
questionnaires and interviews that I carried out, only one student had what could
be considered a negative comment to make about Susan. The comment came from
one of the students who was not achieving very well:

Hintsa: I would like a teacher that checks the work every time. And a
teacher that wouldn't leave anything when teaching. A teacher
that will teach everything that is necessary.

Int.: Everything that's necessary for what?

Hintsa: For the syllabus. Like ... like a teacher that wouldn't leave
some other things because she thinks they're easy. Or a person
that will, a teacher that will do the work thoroughly. Until the
... students understands it.

Int.: And at the moment, do you think Mrs Smith does that.
Hintsa: Yes I think so.

Int:. So she does it thoroughly.

Hintsa: Ja, but sometimes she is ... fast. ... And she doesn't. Is she

going to know about this.
Int.: No Nobody will know your identity except me.
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Hintsa: Ok She doesn't check to see whether all the pupils understand
what she teaches.

The students were convinced that Susan judged them in terms of their success at
school. A number of student responses, especially from the students who were not
doing well academically, indicated this. Hintsa's comment was typical.

Int.: What do you think the teacher is thinking about you.
Hintsa: I think she is thinking about my low marks in the test.
Int.: So do you think she's saying that you're not good at science or

that you need to study more, or that you're not clever, or, what
do you think the teacher is thinking. That you don't pay
attention. What do you think the teacher is thinking about
you.

Hintsa I think she thinks that .. I'm not clever.

Overall, the students responded positively to the class environment. They felt the
atmosphere was friendly and relaxed. Kevin, one of the target students saw it this
way:

Very friendly. If you have a problem speak out. There's always someone to
help you. Ifit's not the teacher one of the pupils will give you a hand. Don't
be afraid of making mistakes, everyone does.

When it came to commenting on the science they did, the comments were not all
positive. The comments fell into three main categories. About 12 students made
direct reference to the learning of science. Four stated that they enjoyed school
science. About an equal number indicated that they either disliked a part e.g.
physics, or when they did not understand, they disliked the science lesson. This
view was most strongly expressed by Nozipho:

Sometimes I enjoy science and sometime I hate it, like when I don't know
something or keep on failing, I feel like I'm a stupid and this leads to a point
where I hate the science period. (Nozipho, questionnaire)

A small number did not have positive attitudes. Unexpectedly for me, Frances, a
target student who showed much enthusiasm for the learning of science, did not
have much positive to say about the science lessons:

Well I can't say it's the most interesting subject. But I mean it is a little bit
more interesting than say History. I mean I used to do better in History, in
standard seven, going into eight to choose my subject package than Science.
But I mean History was just so boring to me that I took Science you know. It's
a little bit more interesting than most subjects. But I mean I would say Art
and even Maths is a little bit more interesting than Science.

However, most students expressed very positive attitudes toward Susan as their

science teacher and their general attitude can be summed up by the following
comment from Mark:

Well she, she is a good teacher. She tries, she tries to help everybody

individually. She tries to make you understand your work. And she’s a good
person. (Mark, interview)
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CHAPTER 6

PROBLEM TASKS AND PROBLEM SOLVING

6.1 INTRODUCTION

The previous two chapters provided detailed descriptions of two contexts in which
the teaching and learning of science took place. The case studies of Jack’s and
Susan's classrooms provide a rich description that enables a holistic picture to be
developed, of what happened in those classrooms. These descriptions and pictures
provide the contextual base for the knowledge claims made in this and the
following chapter. These chapters provide an interpretive commentary, which is
the point of the study where I have gone beyond the descriptive facts and tried to
suggest what the meaning of all the data and analysis could be. This interpretive
commentary consists of assertions, empirical evidence and commentary.

The empirical assertions are the answers to the original research questions. They
represent knowledge claims about patterns and regularity found in the data. These
assertions were obtained from the data through a process of careful and systematic
analysis, described in detail in section 3.3. Each assertion was constructed from a
cluster of related sub-assertions, each supported by its own evidence. Two types of
evidence, particular and general, are given to support the assertions. Particular
evidence consists of analytic narrative vignettes, quotes and extracts found in the
data during analysis. They show that the actions described or referred to in the
assertion did happen. Where appropriate, I have emphasised the participants’ own
words allowing the teachers and students to speak for themselves. Key or critical
events in which “the essence, but not the detail, of the whole is revealed “ (Wolcott,
1994 p.19) have also been selected. General evidence consists of frequency data
and summary tables. They indicate that the occurrence was typical and occurred in
different circumstances and that one can therefore generalise within the case. [n
the commentary those details which have contributed to understanding and
interpretation of the context, are highlighted. It is here that the findings are linked
to the theoretical framework by comparing and contrasting the findings with those
of others in related literature.

The interpretive commentary is presented in two chapters, based on the nature of
the assertions and the questions they answer. This chapter (Chapter Six) has as a
focus the problem tasks and the first research question, “What is happening here?”
Consequently, the assertions are essentially descriptive in nature. In Chapter
Seven the focus turns to the other research questions i.e. What role do problem
tasks play? Why are they used in the way they are? Consequently, the second set of
assertions focuses on understanding why things are as they are.



71

6.2 THE PLACE OF PROBLEM TASKS IN INSTRUCTION

Assertion 1:  The solving of problem tasks was the primary focus of the
teaching and learning activities to the virtual exclusion of
other activities. Students found the repetitive solving of
problem tasks boring. They encountered hundreds of
problem tasks, the majority of which were stripped of real-
world complexity. Nevertheless many students found the
situations interesting, relevant and linked to their lives.

. 6.2.1  Introduction

Science teachers have a responsibility to provide a learning environment in which
the students can develop the desired skills and understanding set out in the
syllabi. To achieve this they plan educative experiences that provide students with
opportunities to engage in appropriate learning activities. The role the activities
play will depend on the types of activities, the order in which they are encountered
and their focus.

Many different types of activities are possible within the school environment.
These range from individual activities such as writing a test to whole class
activities such as a teacher explaining how to set up apparatus. Depending on a
number of factors such as school resources, students may encounter a limited set or
a broad range of activities in their science lessons.

Secondly, teachers differ in how they present a topic. They organise events in
different sequences and construct them differently (Contreras & Gallagher, 1989).
This depends on the teacher's beliefs, interpretation of a topic and previous
experience. One teacher might introduce a topic by elaborating conceptual issues
while another teacher might start with a practical activity.

Thirdly, there are a number of alternative focuses for the individual activities. For
example, in the case of a discussion activity, an explanation of a phenomenon or
provocative statement could be the focus. Other examples of focuses are: a debate
on a controversial issue; the gathering and interpretation of data in a practical
activity; and a piece of scientific text.

Taking these three components together, it is clear that students could experience
a variety of activities, in different combinations and with different foci. The

assertion above stands in contrast to this possibility. The following sections provide
evidence to support it.

6.2.2 A focus on boring problem tasks

Assertion la:  Activities with a focus on the solving of problem tasks occupied
about three-quarters of all available time.

The extract of Jack explaining how to solve a problem (Appendix D) is a typical
example of the educational experiences provided by Jack. In particular, it
illustrates how a problem task formed the central focus of the classroom activity.
The students were assigned the task for homework the previous day and Jack was
explaining how to obtain the answer. The focus of the activity was solving the
problem task through an understanding of the problem situation and manipulation
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of appropriate formulae. At one stage, (line 65) Jack had the opportunity to use
this problem situation as a vehicle for conceptual development i.e. change the focus
of the activity from simply seeking a solution. When a student did not understand
the problem, he expanded on the problem situation through providing analogies
and short practical demonstrations. It is at this point that he could have changed
the focus and allowed the students opportunities to discuss the situation. However,
Jack did not allow this to happen. He cut short the start of the potentially fruitful
discussion on friction and returned the focus to the next problem situation (line
118). It is clear that the purpose of his short demonstration was to provide a richer
picture of the problem situation and through this to understand the solution
strategy. However, the central focus of the activity remained the problem task

This basic pattern occurred throughout the activities in both classes. A detailed
examination of the use of teaching time in both cases gives convincing evidence
that the problem tasks were the focus of teaching and learning for most of the
available time. Table 6-1 below, presents the percentage of available instructional
time spent on different activities for both classrooms. At least 70% of all time in
Jack’s class and over 60% of time in Susan’s class involved students explicitly
solving a problem task or being shown how to solve a task. The justification for
deeming these activities to be solely focused on problem tasks was that questions
that did not revolve around a problem task, such as those involving explanation of
concepts or phenomena, were so rare or short, as to form an insignificant
percentage of time spent. Such aspects did sometimes appear as a part of a
problem task in a test, but in this case only a few marks would be allocated,
implying only a short amount of time to be spent answering them.

Table 6-1 Percentage of time spent on different teaching activities for Jack
and Susan.

Activities with a problem task | Balance of activities
as the focus
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The activities labelled as “practical” and “other” did not involve problem tasks.
However, a case can be made for stating that problem tasks were also the focus of
a significant proportion of the time spent on direct teaching i.e. when new topics
were introduced with their accompanying new concepts and formulae. This was
especially the case in Susan's teaching. This would raise the percentage of time
spent with problem tasks as a focus to over 75% of all instructional time.

The following vignette, provides evidence that even when direct teaching took place
at the beginning of a topic, the primary focus was often a problem task.
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In this particular lesson, Susan is dealing with Newton's laws. She has
handed out sets of notes that cover the topic and she explained Newton's third
law to the whole class. This took no more than 5 minutes and she then
introduced Newton's law of gravitation. A short discussion ensued between her
and some target students about attraction between bodies and she introduced
the symbols to represent the various physical quantities and the mathematical
relationship between them. She then posed the question of finding the units of
the universal gravitational constant. She explained how to determine this on
the board through changing the subject of the formula. Once this was done, the
formula was established and she introduced a problem of calculating the force
between two students in the class. They discussed the size of the force in
relation to the force of the earth on a student:

Mrs. Smith: Now compare that force with the one which Patrick is exerting
on the earth of 650 Newton's. The earth is exerting on Patrick
650 Newtons.

Students: [Indecipherable murmur]

Mrs. Smith:  OK. Look now. Patrick and Arthur are exerting 9 times 10 to
the minus 7 Newtons on each other. OK, the value of zero
comma 1234567, [Counting out the decimal places as she
writes on the board] Now that is the force that Patrick and
Arthur are exerting on each other when they are sitting close
together. Now the earth is exerting a force of 650 Newtons on
Patrick and 780 Newtons on Arthur. All right, so can you see
how much larger the force that the earth is exerting on you
people, than the force that you are exerting on each other. OK
that's a very, very tiny. Minute. All right, are you happy with
that standard tens?

Student: It's still there? -

Mrs. Smith:  It's still there, yes it's still there. If you want to be 100 percent
accurate, you actually have to work out all the forces, that the
brick walls are exerting on you and the roof and everything
else.

Student: Is that your answer? :

Mrs. Smith:  Probably 9, something. Around about that. When you're
looking at 0,0000009 I think that's close enough.

[There is a 30 second break as Susan refers to two examples in
the notes.] '

And then there's some examples, or one example. The second
one I want to do. Second type of question. The reason I won't
go through this first question, it's pretty straightforward. OK
it's just determining the force of two objects. 50 and 60 kg's
separated by a distance of 2 metres. Very similar to the one
I've written on the board, using Patrick and Arthur’s mass.
Now, the next question is especially for the Higher Grade. This
type of question has recently also come up in the Standard
Grade paper. Where you are given a force F, .... and you are
asked what would happen to that force if you increase the
mass. Now, as you can see from the way I set out the question
here, there's no calculation involved. You're not given any
values, you don't know what the mass was. So how are you
going to work it out. You go to the formula. Can anybody give
me any suggestions. Starting with the formula. ... . ?
(Susan, lesson transcript, 08/03) '

D'L'scussion continues with Susan giving examples such as “let’s triple the
distance”, or “let’s halve the distance”. A lot of confusion is apparent and at the
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end, Frances asks her for the answers to the examples given in the notes. She
then tells them to read their notes on weight on their own. This is about half a
page long and deals with the formula g = G M/s? and an associated example.
She hands out a worksheet and they work these problem tasks for the rest of
the lesson.

Although I have classified this activity as direct teaching, it can be seen that a
considerable proportion of the time was spent dealing with the formula for
Newton's Law of gravitation and the solving of an example problem task. In the
complete lesson, the theory introduction occupied a relatively significant portion of
the lesson time, in total about 15 minutes of the lesson. However, it does represent
one of the longest periods of concept discussion that took place in Susan’s class
during the year. In most cases, a very short time was spent on concept
development before formulae were introduced and the focus turned to problem
tasks even in the activities labelled as “direct teaching”.

While Jack did spend the majority of time labelled as direct teaching focusing on
conceptual understanding, there were some occasions when he used a problem task
as a focus for introducing and developing the concepts. From the above examples
and examination of the fieldnotes, I believe that it would be reasonable to infer
that a significant percentage of the time classified as direct teaching, had as a
focus the solving of a problem task. This would increase the actual time given in
Table 6.1 to at least 75% for both classes. This allows me to make with confidence
the assertion that about three quarters of all instructional time was spent with a
focus on problem tasks.

Further evidence that problem tasks were the focus of nearly all activity came from
student interviews in which they were asked to describe their science lessons to a
visitor from another country. The following comment by one of Susan's students
represents a typical response:

Mark: Now well. ...... I would say science is just basically you've got a
lot of formulas you have to know, you have to learn and you've
got a lot a problems to work out, you know, to do with
equations mechanical problems and then your chemistry
problems. You've just got to know your equations.

Int.: So what do you do everyday in this class?

Mark: You work on problems. We spend time working different
problems out.

It was obvious that for the students, doing science at school was identified with
“doing problems”. Problem tasks were the focus of instruction.

Assertion 1b:  Students found the repetitive solving of these problem tasks boring.

There was overwhelming evidence that the majority of students found this
instructional focus on hundreds of problem tasks to be boring. For example, in an
open-ended questionnaire, given to students in which they were asked to describe
what they did in science each day, more than half of the students expressed
negative sentiments about the daily activities and the term “boring” or “bored” was
frequently used somewhere in their description. The following comment represents
one of many written responses:
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I believe school, as it has with all other subjects, has managed to destroy all
the interest that is inherent in science - it is, after all, man's attempt at
understanding the world around him. But this 'specialness' is lost in boring
classroom routine, irrelevant trick questions and such like. (Marc)

On another occasion, when students were shown a video recording of a lesson in '
which Jack was explaining how to solve a problem and asked to comment on their
actions, again a number of students gave negative written responses:

Boredom - nothing interesting. Monotonous - nobody paying much attention.
Too repetitive and boring to hold anyone's interest. Going over a simple
question in too much detail. It almost puts me to sleep. (Burt)

Science is not considered - by most normal students - as an exceptionally
exciting or gripping subject. Our attention therefore does tend to be lost after
some time. It is also extremely repetitive. As an artistic person I prefer more
spontaneous subjects such as English and Art and therefore become bored by
the monotony of science and maths for example. (Gary)

The evidence from classroom observation, the responses on the questionnaires,
conversations and interviews were consistent with the assertion that the students
found the science classroom activities, and in particular the solving of problem
tasks, repetitive and boring.

6.2.3 Large numbers of problem tasks

Assertion 1b:  The students encountered a large number of problem tasks during
the year.

A common characteristic of both classrooms was the fact that the students
encountered a large number of problem tasks, or as one student in Jack's class said
“ millions of problems”, which they had to solve. In virtually all situations, the
source of the problem tasks was the worksheets, the end of chapter textbook
exercises, class tests or past and present examination papers. In Jack's class the
students were given a booklet containing all the problem tasks and notes at the
beginning of the year. In addition, when some sections were done, supplementary
worksheets, which consisted of lists of problem tasks, were handed out. In some
instances, these were tests from previous years. The students were given a few
problem tasks to work on for homework and these would be “gone over” in class the
following day. Where tests or examinations had been written, the problem tasks
would also be gone over in class.

Table 6-2 provides an indication of the number of problem tasks encountered by
the students in Jack's class during the year. Many of these problem tasks had
multiple parts that each required answers. However, nearly all the part questions
referred to the same situation or context e.g. a car stopping at a traffic light, and
were counted as one problem task. If a problem task had two parts, each of which

dealt with different problem situations, then this was counted as two problem
tasks. '

This table does not include the problem tasks from the notes, examinations, or
textbooks or the extra problem tasks that students in both classes attempted as
revision exercises. It was normal for students to purchase booklets containing
examination papers from previous years senior certificate examination and to
attempt these additional problem tasks on their own initiative. In addition,
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Table 6-2 Number of problem tasks encountered per topic in Jack's
class.
Worksheets | Tests Total
Syllabus Topic w | 2 2 8
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Newton's laws & 1 25 2 9 11 45
Gravitation
Momentum, Work, 1 39 2 11 7 57
Energy, & Power
Electrostatics & 6 67 2 8 11 86
Electricity
Rates & Equilibrium | 2 33 2 9 9 51
Acids & Bases 3 26 1 4 8 38
Electrochemistry 1 17 2 6 8 31
Organic chemistry 1 13 2 8 12 33
Totals 15 220 |13 55 66 341

examination of one student's revision exercise book in Susan's class revealed a
number of extra worksheets from either another teacher or school or previous vear.
The evidence indicated that most students attempted some extra problem tasks.
Unfortunately, I was not able to maintain an accurate record for these problem
tasks and consequently they are not represented in the table. While the table does
not give an indication of the type, quality or nature of problem tasks (all of which
are discussed later), it does give an idea of the minimum number of problem tasks
the students encountered during the year and the differing emphasis from topic to

topic.

Jack assigned these problem tasks and systematically went through virtually all
worksheets and tests in class. It is not possible to determine if the students
conscientiously attempted all the assigned problem tasks for homework. However,
the impression from class interactions and examination of exercise books was that
the majority had attempted the problem tasks for homework before Jack went over

them.

The situation was similar in the case of Susan. I have not provided detailed
breakdown of the problem tasks because it was only possible to provide an
approximate total. For example, she handed out separate worksheets for higher
and standard grade students. However, she encouraged the higher grade students
to also complete the standard grade problem tasks. Sometimes, she allocated only
four or five problem tasks for homework. The students were then encouraged to
attempt the rest on their own. While some students did not even complete the
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minimum, other students, especially from the higher grades did all the problem
tasks. When it came to going over the problem tasks in class, Susan did not provide
detailed solutions for all tasks, but concentrated on those which students asked her
to do. Consequently, the exact number of problem tasks attempted by the students
and gone over in class could not be accurately determined. In total, the higher
grade students were given 35 worksheets containing from 3 to 23 individual
problem tasks, giving a total of approximately 325 individual problem tasks. The
standard grade students were given fewer worksheets and problem tasks and were
not as diligent in seeking out extra problem tasks. However, over and above these
must be added the examination and test problems, together with additional
problem tasks allocated from their textbook which Susan assigned on a regular
basis. Therefore, I can say with confidence that the students doing higher grade did
as many and possibly more problem tasks than students in Jack's class.

Consequently, looking at both classes, the evidence suggests that during the year

the students encountered a minimum of between three and four hundred problem
tasks, many of which had multiple parts.

6.2.4  Stripped but relevant problem situations

Assertion Ic:  Most problem situations were stripped of real-world details.
Nevertheless, many students were able to link the problem
sttuations to their lives.

When new topics were introduced, there was an attempt by both Jack and Susan
to link their teaching to phenomena that students might encounter in their daily
lives. This would evoke some questions from the class and on some occasions, a
short discussion would ensue. However, when it came to the problem tasks, they .
used those appearing on the printed worksheets, tests and examination papers. It
was exceptionally rare for either Jack or Susan to construct a new problem
situation while teaching. Consequently, the situations provided in the problem
tasks were fixed in print and were rarely expanded in any way to make them
relevant to a current event or interest expressed by a student. The following list
provides an idea of the types of problem situations that were used. They were
chosen from tasks used in both Susan and Jack’s class and are representative of
the types of problem situation encountered by the students.

1. Two trolleys, A and B are moving under frictionless conditions in the same
direction along a horizontal line. Trolley A has a mass of 4 kg and moves with a
velocity of 5 ms™. Trolley B has a mass of 2 kg and moves with a velocity of 1 ms-1.

2. A golf club exerts an average force of 3 kN on a ball of mass 0,06kg. The golf club
is in contact with the ball for 5 x 10 s.

3. Ten identical light bulbs are used to illuminate a doll’s house. The bulbs are
marked 11V 5,5W and are connected in parallel.

4. Calculate the concentration of NOz in a container at 300K if the concentration of
N204 is 10-2 mol.dm3

5. A 63,5g block of copper (one mole of copper) is suspended in a beaker containing 1
' dm? of 1 mol.dm3 silver nitrate solution (AgNQOs) as shown in the diagram.

6. A domestic ga.rden spray gun comprises in part a 0,45 dms3 capacity pump (P) and
ab d1p3 gox}t?lner (C) which is initially “empty”. Each pumping cycle, pumps 0,45
dm? air (initially at atmospheric pressure) into the container.
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Analysis of the problem tasks revealed two main types of situation. Firstly, many
of the problem situations were similar to situations number one, four and five.
They are what I call “skeletal situations”. It appeared that they had been
specifically designed to have no obvious link to recognisable real-world events or
objects. The second type of situation is represented by numbers two, three and six.
I refer to these as “stripped” situations. While there were direct links to everyday
objects and events, they were uncomplicated situations, with no extraneous
information and were stripped of all real world complexity and ambiguity.

The policy of using these situations was a deliberate one and from Jack’s
perspective had educational value. For Jack, there was a need to simplify the
situation so that the students could visualise the essence of the situation and not
be distracted by the complications. This assertion is encapsulated in the following
excerpt from an interview with Jack:

Full descriptions are so complex and, and....umm...., it means that you've,
you've got a problem sitting in the middle of a shoal of red herrings and the
kids ... I said earlier, that when you give them a problem, it thinks up here.
When you give them a problem, they must sit back and look at it holistically
...., and try and visualise the situation, .. .whether it be literally, a mental
picture or mathematical or whatever, to be able to see the problem

holistically.. ........ ) eeen e If, in fact, there are too many complications, you
going to have so many trees in front of the problem that you not actually going
to see it. So .. as teachers,.. we take that away, so that the problem is in fact
simplified. (Jack interview, 01/02)

Susan volunteered different reasons for avoiding complex real-world problem
situations. For her, they posed two complications. Students expected “nice
numbers” while real situations introduced messy fractions, and students were not
necessarily interested in linking the problem situations to their lives. Her view is
evidenced in the following excerpt:

I don't use as many real-life questions or examples as one should, really, to
sort of give them a rounded science education. But using real-life type
problems you're going to get large numbers and perhaps fractions, sort of
running on and on and once, ..... you know,..... kids don't like fractions at the
best of times, and you know, numbers, large numbers or realistic numbers
tend to throw the kids. They like numbers that will divide easily and sort of
give an answer which, sort of looks okay to them. They don't sort of think
“Well, is this realistic?” I try and encourage them to think, well, you know, if
you've got a television and you've got 25 amps going through the television, is
that a reasonable situation? And I try to get them to think like that, but they
don't think like that. They don't sort of, although you try and associate science
with what's happening outside in everyday lives, its schoolwork to them.
(Susan interview, 28/01)

Attempts were made by the examiners to introduce real-world situations into
examinations albeit in a simplified format. The examiner spoke of creating problem
tasks around situations he had personally experienced. In the excerpt below, he is
referring to a problem from a previous examination paper which he had produced,
based on his experience with putting up tents while camping:

In my last year's physics paper,....... the tent problem involving a pole and two

ropes holding it in...... it's a very, very down to earth problem........... , that
they can sit back and visualise very easily. (Examiner interview)
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The evidence from interviews strongly suggested that the teachers and examiner
supported the use of problem tasks created around real-world situations from
which the complexity had been stripped. They wanted the students to see the links
to everyday life but not have to deal with the complexity.

On the whole, this strategy appeared to be moderately successful in that the
majority of students saw links to their lives. In the analysis of the structured
questionnaire (Appendix C2), students agreed that they found the problem tasks
interesting (Q.20 - 63%), related to real-life situations (Q.8 - 57%), helpful in
recognising how science concepts appear in real world situations (Q.18 - 59%) and
that they made the subject more relevant (Q.3 - 78%). The assertion that many
students made these links was further supported by a few comments made in
interviews by students. Bruce, a target student in Jack’s class, saw clear links
between what he was doing in class to his life experiences. The following 1s an

excerpt from his response to my question about the usefulness of the problem
" tasks:

And science can teach you why it's happening so you can actually understand
what's happening around you. ............ For instance when Mister Jones was
talking about the kettle. And, saying that, talking about the current and
resistance and...... needed for the heating effect. And now I look at a kettle in
a whole different light. It's not just something that heats up water. It's

actually, .... you have to work everything out, it's highly detailed. (Bruce,
interview)

Again, another student in the same class shared how he had viewed a motor
accident in a different light as a result of the work they had done on energy and
momentum. Similarly, I asked Sbu from Susan’s class if he had ever had an
opportunity to use what he had learnt in class in his own life:

Sbu: Yes. when, I was walking. When, today I came off the train,
when it was in motion I wanted to apply something. Because I
used my science

Int.: What did you use your science to do?

Sbu: I get out. You know I ..., Mrs Smith says if it is moving
forward and if you, if you want to go out of it without, without
falling down, you should, you should try to push yourselves
backwards in, when, when you step down as it's going ...
before, you are pushing yourself backwards and it is going
forward, and then you are going to remain straight.

Int.: Ok?

Sbu: That is what I did. I nearly fall down.

Together with the previous excerpt, this yields evidence that many students

attempted to link the problem situations encountered in class with their everyday
experiences.

However, reference to the questionnaire responses shows that there were a
significant group of students who did not make these links. For example 43% (Q.8)
disagreed that the problem tasks were related to real life and 37% (Q.13) disagreed
that they were realistic. The following excerpt from a student's response is
indicative of the existence of this minority opinion:

I'learn “off-by-heart” how to solve problems, as all we have to do is apply the
methods and formulae._ This is because I feel there is no reason to have to
know about concentration/time graphs or how to work out the ending velocity
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after a collision. It has totally nothing to do with our daily lives. Why would I
want to work out how much energy was left after a collision in a pendulum?
But it is interesting how it works. I feel less emphasis should be placed on
mathematical problems and more on understanding concepts, which affect us
in our daily lives, so that we may be able to use these concepts to our
advantage. (Tony, interview)

6.2.5 Commentary

Doing physical science at school involves a number of different activities that have
as their focus the solving of problem tasks. A common pattern of instruction
involves the teacher explaining the characteristics of a scientific phenomenon or
concept e.g. gravitational attraction, and then attaching an individual formula to
it. The formula shows the links between the different physical quantities
associated with the phenomena e.g. force, mass, distance. Simple problem tasks
are then constructed using the formula that has recently been presented and
discussed. The problem tasks, in which students are asked to find one quantity,
given numerical values for the remaining quantities, then become the focus of the
classroom activities. This instructional process was typical of the two cases in the
study and has also been reported by many other studies of classroom practices (see
for example (Gabel, 1989); (Contreras, 1992)). Although Jack and Susan differsd
from each other in the patterns of activities used, they inevitably used problem
tasks as a focus of the activities. In contrast to some other studies (see for example
Tobin, 1987 ), where it was found that the classroom activities were strongly
influenced by the text book, this was not the case in this study, where the influence
was rather the worksheets of problem tasks. In fact, it was interesting to note that
in both classes, the progression through the syllabus work was frequently referred
to, by both teacher and students, by means of the number of the particular problem
task or the title of the worksheet of problem tasks that was currently under
discussion. It was not unusual to hear students or teachers asking, “Where are
we?” The answer would invariably be the number of the problem tasks not the
page of a textbook.

From this and other evidence, we can confidently imply that the solving of problem
tasks was the main vehicle for what Jack and Susan considered to be “teaching
and learning science”. It would appear that even when the focus of an activity was
the discussion of theory or phenomena, this was done in order to provide
background ideas or understanding necessary for the solving of the associated
problem tasks. It appears that both teachers used the direct teaching or theory
introduction activities as no more than a preface to the solving of the problem
tasks. Perhaps they reasoned that some theory was needed to solve the problem
tasks encountered in the topic. Once it had been presented then the main work of
the day could be continued. The ultimate goal was always to apply the concepts
and principles to new types of problem task (Hammer, 1989). This could also be
inferred from the short duration of time allocated to discussing the theoretical
principles or concepts, compared to the long time allocated to explicit solving of
example problem tasks. Also, once this theory stage had passed, there was
virtually no more discussion of the theoretical principles until a new concept was
introduced. It appeared as if the other activities were only a means to get to the
focus, the manipulation of the formulae and solving of the problem tasks. The only
exceptions to this focus occurred when the lessons were organised around a
practical or demonstration or when the topic in the syllabus didnt contain
quantities that could be related and expressed as a formula e.g. organic and
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inorganic chemistry, which are essentially descriptive in nature. Overall, the
implicit purpose of school science was for the students to be able to solve the
problem tasks.

If we assume that Jack and Susan did have as aims, the developing of problem
solving skills and the necessary physical science knowledge base (see section 7.2
where this is discussed), the question arises as to whether this focus on problem
tasks was an effective teaching strategy. Unfortunately, there does exist
substantial evidence that this use of conventional problem tasks is not appropriate.
For example, Sweller (1984) maintains that the mental effort involved in problem
solving may compete with, rather than assist in the learning of new material. He
suggests that once new concepts have been introduced, it would appear to be
inadvisable to use problem-solving activities to practise and gain experience in
them. Reif (1981) in his analysis of the solving of routine problem tasks states that
there is particular knowledge needed to routinely solve a particular class of
commonly occurring problem. This knowledge involves the interpretation of
symbols, manipulation of quantities, knowing the conditions under which a
principle applies etc. He suggests that we need to explicitly teach this knowledge,
not just give problem tasks. Finally, McDermott (1991) reports that although it is
necessary for students to solve problems in a physics course, important intellectual
objectives are often ignored when instruction is geared to solving problem tasks.

The syllabus, in its aims (Appendix B), refers to the developing of skills, techniques
and methods of science; to introduction to scientific explanation of phenomena; to
use of scientific language; to introduction to applications in industry; and to
developing a knowledge of the subject as science and as technology. Given these
stated goals for the science curriculum, there appears to be both an imbalance and
overemphasis on the use problem tasks to achieve these goals to the disadvantage
of other aspects of science. There is also convincing evidence that it is an
inappropriate instructional strategy. In addition, this heavy emphasis on problem
tasks led to students finding the school subject of physical science boring. Given
that the tasks teachers assign students determine how they will come to
understand a curriculum domain, it would be no surprise if the students gained the
erroneous impression that science was only about solving problem tasks.

While the majority saw links between the problem situations and the real world,
there existed a significant minority of students who did not see these links. For
them, the experience of science must have been “unreal”. Within the class there
were definitely opportunities to make explicit links between some of the problem
situations to students lives or experiences e.g. Sbu jumping off the moving train.
These could have resulted in rich discussions. Unfortunately, the focus was too
strongly tied to numerical problem tasks for teachers to take the opportunities
offered or they did not see them as valuable.

It is obvious that the achievement of the published curriculum aims would require
a focus on many other activities and areas of science than just numerical problem
tasks. Examination of the literature in science education or appealing to our own
experiences, reveals many different activities that students could be involved in
which do not have problem tasks as a focus. If Jack and Susan took the curriculum
aims seriously, we should expect students to be involved in activities involving
theorising; explaining of phenomena through writing and discussion; examining
and transforming data; discussing, gathering and interpreting evidence, looking for
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patterns and making predictions; to name a few. Unfortunately, this was simply
not happening and some reasons for this are presented in Chapter Seven.

6.3 THE PROBLEM TASKS

Assertion 2:  The majority of the problem tasks were routine. They were
of low conceptual demand mostly requiring quantitative
responses. However, some problem tasks appearing in tests
and examinations were not routine and students found
them difficult. These problem tasks could be identified by
particular characteristics.

6.3.1  Introduction

The previous sections showed that problem tasks were central to teaching and
learning. In this section, I turn to the problem tasks themselves. In the first
chapter I have provided an example of a typical problem task and described them
as being well defined, narrow in focus and invariably involving the calculation of
some quantity through use of a formula. The focus of this section is on these tasks.
Given the time spent solving problem tasks, I felt that it was important to describe
in more detail some of the characteristics of the actual problem tasks used by Jack
and Susan. This will contribute to the picture being constructed of the use of
problem tasks in the teaching of physical science. I will provide evidence to show
that the problem tasks were very similar in nature and sometimes sets of virtually
identical tasks were used. The majority involved simple formula based
calculations. While these tasks could be considered problematic when initially
introduced to the students, by the time they wrote their examinations at year-end,
these tasks should have only required a low level of conceptual involvement and
could be called routine problem tasks. On the other hand, there was an identifiable
group of problem tasks with distinguishing characteristics which students found
difficult to solve. They generally encountered these for the first time in their tests
and examinations.

6.3.2 The problem tasks were routine.

Assertion 2a:  The majority of the problem tasks were ordinary, uninteresting and
predictable i.e. routine in nature.

The vast majority of the problem tasks were specific to a syllabus topic such as
electricity or equilibrium. Within each syllabus topic, there were clearly
identifiable sets of problem tasks that were similar to one another. They were
identified by two main characteristics: they were formulated using similar problem
situations and; they required the same set of principles and formulae to solve
them. Figure 6-1 below, represents a typical problem task from a set referred to as
“pulley problems”, by students and teachers alike. The problem situation normally
involved connected objects and pulleys. In Appendix F, I have listed a complete set
of these “pulley problems” solved by students in Jack's class during the teaching of
Newton's laws. The problem tasks shown are in the sequence in which they were
encountered during the year. I chose this particular problem set because virtually
the same list of problem tasks was used in Susan’s class. The worksheet problems,
together with the March and November examination problem task were all the
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same. Examination of the problem tasks shows that students were given
worksheets containing a set of similar problem tasks with only superficial changes
to the problem situation for each task. They were then g'iven. sim.ilar problem tasks
in their tests, followed by similar problem tasks in the examinations.

3k_g( 2kg |

8k Bk

Figure 6-1 Problem task: A pulley problem

Examination of any of these sets revealed two characteristic types of problem task.
The first type, which I refer to as the “drills”, can be identified by the fact that they
were virtually identical problem tasks except for the values of the quantities
involved. They normally involved the manipulation of a formula with the main
challenge being the ability to change the subject of the formula and substitute the
values for the given variables. The second type, which are what I refer to as
“variation on a theme”, are similar but there are superficial changes to the problem
situation. In the set of pulley problems given, the actual force that had to be
determined varied, the number of objects involved varied and in some cases friction
effects had to be taken into account. It must be obvious that these should have
become no more than routine tasks as the year progressed. Although they might
have found them difficult at first, they should have become ordinary, uninteresting
and predictable by the end of the school year. I have indicated the source of the
problem tasks and the number of similar problem tasks which students
encountered as the year progressed for two physics topics and two chemistry topics.
Table 6-3 below, indicates that particular problem sets were encountered at
different times and from different sources during the year.

It should also be noted that as the year progressed, and new topics were “covered”,
the opportunity to have significant amounts of practice decreased, until topics, such
as redox chemistry, were only encountered in the trial examination before the final
examination. While all the problem tasks in the worksheets from the early topics
were completed, this was not always the case especially in the third term where
only a selection would be given due to the lack of time available. A problem task
from the topic vectors, might be revised for the March, June and Trial
examination, and “gone over” in class. However, some acids and base problem
tasks might never be revised. This was noticed in Susan’s class where there was a
significant decrease in the number of problem tasks in the third term.

Given this lack of time to encounter Chemistry problem tasks, it might be said that
they d.o not become routine as there were not as many opportunities to encounter
them in examinations, to go over the solutions, to revise etc. However, I contend
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Table 6-3 Problem sets showing their source and frequency.
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FOUND | < E £
Z 2w | & E ” S~
o 9 7] = = = =
£ <.z v ¢ o & & e
" w0 & REl && 0 ® E
) =t = W < g = = g
— =~ QO 7] ) - E = E
2 O M Rk & 9 = = = o
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PROBLEM 3 = 2 o
SETS & @ “
JACK
Pulley & Tension | - 17 8 1 2 - 1 Mm.C.
1
Simple DC- 1 23 10McC. | - 3 2Mmc |1
Circuits . 9 1
Concentration & 3 55 8McC |- - 4 1
H 4
Electrochemical - 17 16 McC. | - 2M.C. 3 1McC.
cells 6 1 1
SUSAN '
Pulleys & Tension | - 17 1 1 1Mc. - 1McC.
1
Simple DC- - 13McC | 4 - 1McC. 3mc. |1
Circuits 42, 1 1
Concentration & 5 6 - - - 1 1
pH
Electrochemical 2 3 - - I1mMc | 1McC.
Cells 2 1

Note: M.C. refers to multiple choice questions.

that the students had every opportunity to turn them into routine tasks even in
Susan’s class. One only has to look at the syllabus to see that a single topic in
physics (e.g. kinematics) has five or six formulae or principles associated with it,
while a topic in chemistry (e.g. electrochemistry) might only have one.
Consequently, students did not have to concern themselves with a variety of
situations, all requiring slightly different solving strategies.

In chemistry, the contexts were predictable and narrow resulting in a few clearly
defined sets of problem tasks. Consequently, only a few problem tasks had to be
attempted before they would have in all probability been routine. Consider the
following example taken from Jack's class. While dealing with the topic of acids
and bases, there were only three problem situations that students needed to
consider. These were concentration of solutions, the pH of solutions and titration.
Each of these situations had a simple formula associated with it e.g. Molarity := No.
of moles (n) / Volume (dm?). The students were given the following tasks:
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1. Twenty-four drill calculations in which they had to complete a table with some
given values and some missing values.

2. Eight titration calculations of the “variation on a theme” type.

3. Eight pH calculations of the “variation of a theme” type.

4. Two worksheets with six and seven problem tasks of the type “variations of a
theme”.

5. Thirteen problem tasks labelled as “past matric questions” involving part
questions and requiring combinations of these three formulae.

Despite this section being completed in the third term and there being no
opportunity to encounter the problem tasks in a number of examinations and
revision sessions, there is no doubt that the problem tasks should have been
routine tasks by the time the students were ready for the matric examination.

Both teachers made sure that the students were given sets of problem task for any
type of problem that there was a chance of getting in the examination. Most of the
problem types were well known to both teachers and students. When the
examiners introduced new types, the teachers made sure examples were obtained
and given to students. For example, in the previous year’s examination, a new type
of problem task was encountered dealing with the situation of reaction equilibrium
and involving interpretation of graphs. This was a new, clearly defined type of
problem task requiring a specific response and was not present in the textbook or
worksheets. In Susan's class the normal worksheets were supplemented by a
separate worksheet with eight of these problem tasks. The same set of problem
tasks was also given to Jack’s students for revision. It was obvious that this was
recognised as a new problem type and worksheets were being circulated through
the schools to prepare students for the expected new problem type in the
examination. By the time they wrote the examination, even these problem tasks
were ordinary, uninteresting and predictable. Further examples of problem tasks
that became routine are provided in Appendix G.

6.3.3  Conceptual demand of routine problem tasks

Assertion 2b:  The majority of the routine problem tasks were quantitative in
nature requiring the simple one or two step application of a formula
or principle for solving. They were of low conceptual demand.

In the previous section, I have provided evidence to show that the majority of the
problem tasks encountered by the students were routine in nature. This indicates
that by the time they encountered them in the matric examination, they should
have been relatively easy problem tasks with low conceptual demands being made
on the students. This claim is based on the assumption that as a student became
more familiar with the tasks, the conceptual demand made on the student would
decrease. Accepting that it is impossible to determine how difficult a problem task
1s solely based on the text of the problem task, I felt that it would be valuable to
examine the tasks themselves in more detail and the participants’ expectations of
them, to determine their expected difficulty.

I viewed the prpblem tasks from two different perspectives in my attempts to
reveal the explicit conceptual demands made on the students. Firstly, T considered

how the task was presented to the student. I found four main presentation modes
or formats for the tasks:



86

* drills (DS): in which the problem situation was limited to description of the
variables and the task was to substitute into a formula and caleulate different
variables given new values each time;

* multiple choice (MC): in which a number of alternative answers were provided
and the task was to choose the best response;

* single answer (SA): where the task was either to determine a single numerical
answer or provide a non-numerical answer such as balance an equation or
predict a reaction and;

* multiple part (MP): where the task was to answer a number of questions dealing
with different aspects of the same problem situation. These are sometimes called
structured questions.

Analysis of the tasks showed that the format was not related to the conceptual
difficulty. For example, some of the multiple-part tasks appeared in my opinion to
be very simple while some of the multiple choice tasks appeared difficult.
Continuing, I then analysed the tasks from the perspective of the response
required from the student. I identified six basic responses which were most
frequently asked for. These were:

* definitions (defn.): definitions, principles or other information had to be recalled;
* constructions (const.): a graph or scale diagram had to be constructed:

* calculations (calc.): responses requiring the use of formulae to calculate an
answer;,

* qualitative (expl.): responses requiring the student to describe or explain some
phenomenon or event;

* interpretation (intp.): responses involving the analysis of data, or interpretation
of formulae or graphs;

e prediction (pred.): a principle or law had to be applied to predict or control an
event.

This analysis, although similar, revealed more categories than the broad ones
proposed by Chi (1989). Three categories of response were proposed being:
declarative requiring recall (i.e. similar to defn.); quantitative requiring procedural
skills (i.e. similar to const. and calcs.); and qualitative requiring reasoning and
inferring skills (i.e. similar to expl., intp. and pred.). A hierarchy is implied, with
responses requiring recall considered of low conceptual demand while prediction
requires higher conceptual demand

In Table 6-4 below, I have analysed in more detail the problem tasks that Jack's
students were given during the first term for the sections dealing with “Bodies in
motion”. All of these were assigned as homework and then gone over in class. An
analysis of problem tasks given in Susan's class uncovered a very similar pattern.
Not all of the categories mentioned above, appear in the table. This is because
problem tasks requiring that response or in that format were not used in that
section. For example, prediction type responses were more evident in chemistry
topics than in physics topics while multiple choice type questions were generally
only encountered in tests and examinations. The analysis indicates that over 90%
of all problem tasks required students to respond by manipulating formulae to
calculate a numerical answer. The tasks were numerical in nature, requiring the
simple one or two step application of a formula or principle for solving. Very few
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Table 6-4 Mechanics worksheet problem tasks analysed by format
and response required.
Format Response
Topic Number of | DS | SA | MP Intp. | Expl. | Calc. |Total
' problem questions
tasks
Newton's laws 20 3 8 9 0 0 50 (50
Gravitation 9 1 5 3 3 1 17 |21
Momentum 17 1 8 8 0 3 34 |37
Work energy 22 4 9 9 3 1 50 |54
power
Total tasks 68 9 30 29 6 5 151 1162

tasks required students to provide descriptions, explanations or interpretations of
data.

The picture was very similar for some sections of chemistry. For example, the
worksheets for the acids and bases topic mentioned earlier, required a total of 66
answers of which eight required a chemical equation to be balanced and the rest
involved numerical calculations of concentrations and pH. However, in other
sections of chemistry, such as organic and inorganic chemistry, there were no
calculations required. In these topics, the majority of responses required the
application of a rule or chemical principle e.g. Le Chatelier's principle, to a problem
situation (pred.). As described earlier, these situations were stripped down of all
complexity, in most cases being “skeletal” and were very similar. The rules and
principles required to interpret the situation were presented in the notes and
required what the students referred to as “learning”. While labelled as “pred.” they
certainly should not have been difficult.

Further evidence that the tasks were overwhelmingly quantitative with higher
order questions missing, was obtained when I examined the student exercise books
to ascertain what their written responses were to the problem tasks. Their exercise
books were filled, virtually exclusively, with page after page of formulae and
calculations, being the answers to the worksheet problem tasks. In a careful
analysis of one student's book (Pietro) only 30 lines of text were found in 50 pages
of the student's answers. Two short paragraphs of 3 lines were found for topics in
physics and four for chemistry. There were six or seven simple sentence responses
spread throughout the book e.g. “The terminal velocity will increase” or “HX will be
stronger than HY”. There was a complete absence of qualitative descriptions of
phenomena or situations, with only about 15 simple annotated diagrams and a few
rough sketch graphs. The overwhelming majority of the problem tasks were
marked as correct with only a small percentage showing evidence of having been
corrected. Given the above analysis, it appears that the majority of the routine

problem tasks that were given to the students were quantitative and of low
cognitive demand.

This a.nalysis is supported by comments made by students. For example, in the
following excerpt from an interview with Bruce, I had asked him to account for the
fact that he had found a pulley problem relatively easy to solve on the test:
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Well again, we've done so many examples, ...... there's a whole worksheet full
of them.. and when once you've done one, you remember the rest...... and just
basically apply the same formula, you know, over and over again.

(Bruce, interview)

While the task might look difficult at face value, it was a routine task to Bruce and
made minimal conceptual demand on him when it appeared in the test. In an open-
ended questionnaire, I asked the students to describe their feelings toward their
homework tasks. A variety of responses was obtained with many negative
comments about the numerous tasks that were similar. The following excerpt
illustrates again that for some students the routine tasks were of low conceptual
demand and required “no thought”:

I always put my share of work in. However, I become angry when there is
something which I don't understand and will therefore sometimes spend time
at home trying to work out science problems that are more difficult. I find it
frustrating when homework includes a bunch of problems which are all the
same and therefore require no thought and are simply a waste of time.
(André, Questionnaire)

The structured questionnaire produced additional evidence that the tasks were
quantitative and involved formulae manipulation. Students agreed that the tasks
were numerical in nature (Q22 — 63%), required them to engage in equation
manipulation (Q16 — 85%), and involved matching a formula to the situation (Q19
—67%). However, only 59 % agreed that solving them involved matching a
previously done problem solution with the current problem task (Q15). I expected a
much higher agreement but this result could be explained by the fact that the
students were referring to all problem tasks and not only the routine problem
tasks. Also 52% disagreed that the problem tasks could be solved by
straightforward application of single principle or formula (Q31). Again, this was
not surprising as even the routine problem tasks often required more than one
solution step to obtain the answer.

Furthermore, both examiners and teachers expected that the problem tasks would
be “relatively simple”. In the following comment, made by the matric examiner, he
acknowledges that these simple problem tasks are to be expected:

As the examiner, I'm part and parcel of this system, where it is expected......... ,
in this section for kids to be able to answer relatively simple questions,
............ , problems associated with the laws. It's written into the syllabus.
(Examiner, interview)

Both Jack and Susan agreed that after dealing with the problem tasks a few times
they became simple routine tasks. Jack referred to them as “exercises” as seen in
the following comment about a test question, “Number ten is almost identical to
questions we have done already, so that is not a problem as such, it is just an
exercise.” Susan would often refer to these simple routine tasks as “calculations:

Susan: The first time round is a problem. Once they've done one its no
longer a problem anymore, because now they have the
mechanism to cope with it. It’s now a calculation.

Int.: Okay. And if you think about what they do, how much problem
solving do they do?
Susan: Not very much, its mostly sort of more rote type calculations.

(Susan, interview, 23/03)

If students obtained incorrect answers to these problem tasks, then both Jack and
Susan explained this by saying the student had made a careless arithmetic
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mistake, had not converted the units, or had not read the task correctly. At no
stage with these routine problem tasks did they attribute the errors to a lack of
understanding of the principles involved. This implies that they thought the
problem tasks were of low cognitive demand and required little understanding.

Adding to this picture constructed above of students being asked to solve many
easy routine problem tasks involving calculations, was the fact that these problem
tasks were of short duration. This adds to the evidence that they were of low
conceptual demand. In Susan's class, where problem tasks were attempted in class,
reference to the fieldnotes shows that the time students took to obtain a solution
varied from a few minutes to 15 minutes. However, the longer intervals were
normally a result of students becoming distracted and not concentrating solely on
the problem task at hand. They would also be asked to solve three to five problem
tasks in their tests, which were normally one period of thirty-five minutes.
Although some problem tasks were solved in a short space of time and others took
up to 15 minutes, on average students spent between five to ten minutes per
problem task.

In the case of Jack's students, the exact amount of time spent by individual
students attempting to solve the tasks on their own is unknown. They were not
given time during class to do problem tasks, except during tests and examinations.
In these situations, they were expected to do about five or six multiple choice
questions and between three and six other problem tasks in about 60 minutes.
When Jack was going over problem tasks, he would do about three to four problem
tasks in a 35 minute period. (Approximately 112 periods were spent going over
about 300 problem tasks during the year.) The time spent on individual problem
types did vary, depending on their difficulty and the different responses required.
Examination of student exercise books showed that the students completed about
three to five problem tasks per A4 page. Each part or calculation only occupied
about four or five lines, again indicating a short time to solve. From the above
analysis, we can infer that whether in examinations or worksheets, it was expected
that the solution paths would be found within a relatively short space of time. They
were not intended for prolonged reflection or extended involvement. This again

adds weight to the assertion that the routine problem tasks were of low conceptual
demand.

6.3.4 Test and examination problem tasks

Assertion 2¢ Some examination problem tasks were of high conceptual demand
and the students found these problem tasks difficult. These problem

tasks could be identified by a particular set of characteristics that
made them difficult.

The above analysis was restricted to the sets of problem tasks encountered in
normal classwork i.e. those taken from the notes and worksheets. A different
picture emerged when the problem tasks encountered in tests and examinations
were also considered. While most of the problem tasks in the tests and
examinations could also be referred to as routine, within each test or examination
there would be one or two problem tasks or parts of a task, that would be novel.
These could be classified as “Type two: Maverick problem tasks” and were
considered difficult by teachers and students alike. Jack differentiated them from
the routine problem tasks, which he considered exercises, and referred to them as
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problems. He characterised these problem tasks as having a new context and

requiring a new solution approach. He indicated that he liked to give these to
students “particularly in tests”:

But they know in fact that in the final paper they'll have 3 questions at the
end on the 3 different sections, and the intention is to have a swinish one in
each one. So in other words, we'll have a test this long, there might be one,
maybe 2 swinish questions. (Jack, interview, 10/02)

Consequently, the students expected to find these more difficult tasks in their tests
and examinations. For example, when I questioned one of his students about his
performance on a test, he replied, “I found the questions to be more challenging
than those we do in class. The ones in class are pretty simple and then when we
get a test they always seem harder.”

The examiner confirmed this expectation of finding these harder problem tasks
appearing in examinations and referred to these as “elegant” problems:

You asked “What is a good question?” A good question is, as I see it, an
original question. The word that comes out quite often in terms of questions
are “they're elegant questions”. I like to get a couple of those in. I've got to be
very, very careful, in terms of the standards, that I don't put in too many
smart questions, and nail the kids. When exams are set there are certain
bread and butter questions that everybody should get right. There are other
questions in fact that are going to eliminate some fellows and there are other
questions designed specifically for those going for A's and B's.

(Examiner, Interview)

The examiner also expected teachers to use these problem tasks from past
examination papers in their teaching. In fact, he spoke about the struggle to
produce good problem tasks and the fact that he attempted to create them, as this
enhanced his professional status and made him feel good.:

So, I suppose also that I'm setting questions for teachers. The teachers are the
ones who are ultimately in fact going to go through these. OK, I set papers for
the kids, ...and for the teachers as well. I don't want the teachers out there to
say “This examiner, he sets hum-drum sorts of questions, papers, there's no
thought in it. Particularly the good teachers, who are at the top academic
schools, who're really pushing their kids. “That's no meat for my good kids”
...... I actually get a large amount of pleasure out of setting an original
question. (Examiner, interview)

While Jack appreciated and deliberately exposed his students to these “elegant”
problem tasks, Susan did not have the same feeling toward them. The following
was her response to one of the more difficult problem tasks that appeared in a
common examination paper. She had not been able to do the problem task given
on the common March examination (see p. 100) and had asked one of her
colleagues for help. “That was a horrible question, in fact, because I couldn't do it,
it was horrible. That was quite a tricky question for matrics anyway.” Clearly,
these tasks were a distinct set of problem tasks that even some teachers would find
difficult.

In both classes, it was common to hear the students and sometimes Susan or Jack,
refer to these difficult problem tasks, by a number of terms such as “tricky”,
“nasty”, “sneaky” and “swinish”. For example, when I asked Tom why he had made
a mistake in a test he replied:
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Oh, that I got wrong because I took into account those resistances.... well the
resistance of that.... I forgot about an ammeter not having any resistance at
all, ... very little resistance. Well. Oh, that's just one of the trick questions I
suppose. (Tom, interview)

Bruce, did not agree that these were trick problem tasks or set with the purpose of
tricking students. When I asked him if the problem he had got incorrect in a test
was a trick question, he replied:

I don't think any question is really a trick question, because there has to be an
answer to it. If you know your work, then it's not supposed to confuse you. I
don't really think there's such a thing as a trick question............ As I said,
there's nothing unfair if you know your work. Maybe, they might have been a
little unfair, because we never dealt with anything like that before, but it's
just something that you have to live with. (Bruce , interview)

Other students agreed with Bruce that this practice of getting difficult problem
tasks in the tests and examinations was not fair:

I find that what we are tested on is not always what we learn in class, and we
are expected to deal with new monstrously difficult aspects of science that we
never even knew existed. It's just not fair. (Grant, questionnaire)

The above evidence yields a pictured of students receiving large numbers of routine
problem tasks in class and for homework, but expecting to receive a few difficult
ones in the tests and examinations. While Jack and the examiner encouraged the
use of these difficult problem tasks with novel situations and approaches, referring
to them as real problems and labelling them as “elegant”, the majority of students
referred to them as “tricky” and some even considered their use unfair.

6.3.5 What makes a problem tricky?

Assertion 2d:  The tricky problem tasks had specific features that made them
difficult.

In an effort to understand the differences between routine and “tricky” problem
tasks, further analysis was continued. It appeared that when dealing with a
routine problem task, the problem situation and question posed were familiar and
provided cues to the student as to the formula or principle to be used to solve the
problem. Consequently, these types of problem tasks had a low conceptual demand.
However, this was not the case for the tricky problem tasks, which were difficult
for students and in some cases for the teacher. It appeared that the standard

solving procedure previously provided by the teacher was not appropriate or
available.

The evidence from participants’ responses to my questions and examination of
their attempts at solving some of these tricky tasks, led me to isolate five features

that individually or collectively, could make a problem task tricky in the eyes of the
students. These five features were:

1. Unfamiliar situation: the context or problem situation was novel and
unfamiliar.

2. Intermediate steps: an intermediate variable was required that was not
explicitly mentioned in the problem task.

3. Li{zki.ng of principles: there was a choice of principles or a need to link
principles in and across topics.
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4.  Specific information: a piece of information had to be recalled from the
student's knowledge base which was crucial for solving.

5. Mathematical manipulation: Arithmetic manipulation was not sufficient and
more complicated algebraic manipulations were required.

These five are not considered the only features of the tricky problem tasks but
rather the features that were most prevalent in the problem tasks encountered in
this study. In the following paragraphs, each is described in more detail and
examples are given.

Firstly, if the problem situation was not familiar but rather was set in a new
context, students had difficulty. The problem situation or setting was atypical or
unusual compared to the normal routine problem tasks. The student had to try and
understand the situation from a new viewpoint and look for and recognise
similarities with familiar situations. The task became problematic as opposed to
just an exercise as the student did not know what to do. As Jack said, “giving them
something that's associated with the law, in a new context” turned the task into
problem solving as opposed to a routine exercise. When I questioned the examiner
about a particular problem task, which was in a new context, he described the
process as one of digging the physics principles out of the problem. In this excerpt
he is referring to the tent pole problem ( Figure 6-2 )

Tent pole B stuck vertically into the ground at G is secured by two ropes R
and S as shown.
The tension in rope R is 400 N.

1) What tension must be exerted by rope S so that the top of B does not
experience a resultant horizontal force?

ii)  If B does not experience a resultant horizontal force when held by
ropes R and S, then what conditions must be met concerning the
positioning of F, G and H?

Figure 6-2 Problem task: The tent pole.

Examiner No. There're no new physics principles that have to be
applied.. It's just how you apply them and how you dig them
out of the problem.

Int.:. So this tent problem, of the tent pole being held up. Would you
consider that a good question.

Examiner It was a good question.

Int. Why?

Examiner Right. If I could just quote the moderator. He liked the

problem because we had two pulling forces and one pushing
force and he hadn't come across them before or he couldn't
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recall when he came across them before. We had two guy ropes

and a pole. And he hadn 't come across those. Invariably, you

have three things pulling. This was one pushing and one

pulling.
The problem task would be difficult because the students were operating on
unfamiliar territory and most probably found it difficult to create a mental
representation. Therefore, they could not understand what the problem was asking
them to do.

Secondly, students found a problem task difficult when there were intermediate
steps in the solution process, which were not obvious. In most routine problem
tasks, the student could use the variables and quantities provided in the problem
statement to directly compute the answer. In some problem tasks, the solution
path required a number of steps and the intermediate target variable required was
not explicitly stated. When the problem task was structured and a series of part
questions were asked, the student was given signposts or steps along the solution
path. However, when these steps were not cued by the part questions, students
had difficulty. The students recognised this feature as one which caused them
difficulty. This following excerpt from an interview with Mark, is indicative of this:

Int.: g Ok. Some questions are more difficult than others. What
makes a question difficult. '
Mark: Well, the way that some, the way the examiners put the

- questions. They can try and confuse you or try and trick you.
But you've just got to have a basic understanding of science.
- To understand the question. And.you might have to work a few
things out first before you can actually work the answer out.
And that might be difficult sometimes.

Susan- also recognised that these intermediate steps would pose difficulties for her
students: ' ' :

Because it's not straightforward, it's not laid out for them. Once they get into
it they may then change their mind. What makes it hard is if they have to
determine a value to use further on without ever being asked to calculate the
first value. For example they may be given force and mass and asked to find
the velocity where they've got to first calculate the acceleration before they can
find the velocity, but they're not asked to directly calculate the acceleration.
That to them would be hard. (Susan, interview, 23/03) |

The third feature of the tricky tasks was the need to use principles from more than
one syllabus topic, in order to solve the task. The student was required to link
concepts across different parts of the syllabus. One of the characteristics of routine
problem tasks was the fact that the formula or principle to be used was cued by the
narrow situations in which they were posed. When the situations were broadened
and involved more than one principle from different sections of the syllabus, the
students had difficulty. They did not know which principle to choose or the
conditions under which to use it. Jack was aware of this feature, and saw it as a
mechanism for sorting the bright students from other students:

I endeavour to set my difficult questions that, that require knowledge from
different parts of the syllabus. For instance, that last one that we, the

momentum and kinetic energy one, the two pendulums, and ........ the kid
who successfully answers that question, has got to marry momentum with

kinetic energy in the problems. and ... .... ... your very bright kid can do that,
can see the connection. (Jack, Interview, 18/03)
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The diagram above shows two hard rubber balls A & B of masses 3 kg and 4 kg
respectively, hanging from the ceiling by nylon lines 2m long. Ball B is raised a
certain height (dotted lines) and released. It swings down and after striking the
stationary ball A at 5,5 m.s™! continues along its original path at 1 m.s ™.

Calculate the vertical height to which A will rise. (7N

Figure 6-3 Problem task: Pendulum collision

After a number of students failed to answer the pendulum problem referred to
above, in which energy principles and momentum principles were used in different
parts of the solution, I asked Tom why he had difficulty with it:

Mr Jones set the paper, and we've been taught ... and the whole class just been
taught by you, and we've just been dealing with the whole thing of energy,
and then we suddenly came back, ... straight back to momentum. We
wondered, hang on a minute, the class wasn't doing that, ..you're not
supposed to be doing it that way. But I guess ... it's only one problem. It's not
the end of the world. (Tom, interview)

From his response it was obvious that he was expecting problem tasks clearly
linked to one particular physics phenomenon and found it unexpectedly difficult
when another principle was also involved.

The fourth feature of tricky problem tasks was that they required specific
information about a particular phenomenon. A “piece” of information was needed
from the solver’s knowledge base, that was a crucial factor in the solution. A good
example of this was a problem task from a test in which students were asked to
calculate the equivalent resistance of circuit. One of the components in the circuit
was an ammeter and students had to recognise that it had insignificant resistance
and in effect created a short circuit. When I asked Tom why he had got this
problem incorrect, he pinpointed this “single fact” as his downfall:

Oh that. I got wrong because I took into account those resistance.... well the
resistance of that.... I forgot about an ammeter not having any resistance at
all, ... very little resistance. Well oh, that's just one of the trick questions I
suppose. Although, it does take in... quite a minor point. You know what I
mean. The fact that,... the single fact that... an ammeter doesn't have much
resistance, 1 mean that was worth four marks just knowing that point.

(Examination of this problem task (Figure 6.4 below) indicates that this was in fact
a “tricky” problem task. The problem task appears to have been formulated with
the sole purpose of catching out the unwary student. It does not appear to have
been formulated with the intention of assessing understanding of principles.)
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Calculate the total resistance between points A and B.

Figure 6-4 Problem task: Ammeter

The fifth characteristic of the tricky problem tasks was that they required
reasonably complex mathematical representations. In most cases when a physical
quantity was calculated, this could be done using arithmetic and simple algebra.
However, when the setting up and solving of simultaneous equations or the
application of transitivity was required, students had difficulty. For example, a
kinematics problem task where students were asked to determine when one car
overtook another, required the setting up of expressions for each vehicle for the
distance travelled at the point of overtaking. Because both expressions equalled
the variable, distance travelled, the principle of transitivity could be applied.
Difficulty in recognising this route to the solution and applying it, was in all
probability the result of poor mathematics skills or as it appeared more likely, an
inability to translate the problem situation into a suitable mathematical
representation.

All of these features helped to characterise the problem tasks which the students
found tricky and which I have labelled as maverick type problems. Basically, when
the problem task was novel and there were no familiar cues to which formula or
principle to use, a further step in the problem solving process was required. This
can be referred to as the “key step” as it unlocks the solution plan, which is hidden-
from the solver. Any problem task that requires a key step, was more difficult for
the students to solve. The key steps revolved around understanding new problem
situations, hidden intermediate steps, dealing with multiple principles, critical
knowledge or complex mathematical representations.

6.3.6 _Commentary

The results of this analysis of the problem tasks are similar in many respects to
those reported in other studies. For example, Tobin (1987) reporting on a series of
studies in Australian classrooms, concluded that the work was in most instances
algorithmic and repetitious with an emphasis on type examples and procedures.
This enabled correct answers to be obtained for stereotypic problem tasks in a
procedural manner with reduced cognitive demands. He also reported the
infrequent use of qualitative problem tasks. Other studies (see for example
Contreras, 1992; Gallagher, 1989) report similar findings.
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The class of problem tasks which students found difficult and referred to as “tricky”
were different to the routine problem tasks and elicited very different responses
from the participants. When they were encountered in tests and subsequently were
gone over in class, they would be the focus of a lot of attention. Often they would
promote discussion or questions from some students and would lead to some
emotional comments. It was as if they raised the “temperature” and when
discussed raised the level of interaction. Consequently, they became a focus of this
study and an attempt was made to uncover their place in instruction and why they
were difficult for the students. An analysis of the problem task and the associated
solution paths revealed six features that led to them being difficult.

The difficulty of problem tasks has been a topic of interest especially for those
involved in the national senior certificate examinations. Schuster, a member of the
national panel of moderators, has produced a “Question difficulty scale” to guide
examiners in the construction of examination papers (1987). The scale is applied to
all the individual questions and components of questions to help the examiner
ensure that there is a balance of difficulty distribution across the whole
examination. The scale includes the relative percentage of the marks to be
allocated to each difficulty level. The percentages were determined by the
examination board. Schuster refers to four levels of conceptual demand or
difficulty:
(a.) Basic/ Elementary: involving recall, factual knowledge, minimal reasoning,
elementary use of basic knowledge. (20%)
(b.) Easy: being routine exercises, plug in problems, usually a seen type of
question. (40%)
(¢c.) Medium:problem solving, application, several reasoning steps but of a standard
kind, problem situation usually a variation on a seen situation (30%)
(d.) Hard / Challenging: unfamiliar or more complex, usually unseen situations,
requires insight , may involve putting together various ideas. (10%)

According to this scale, the students were correct in expecting a proportion of the
problem tasks in the examination and tests to be difficult and this was found.
These difficult problem tasks were part of the published curriculum.

Given this, it was surprising to find how few difficult or tricky problem tasks were
used in normal classroom teaching. Given that all participants expected to find
them in the examination, it would be reasonable expectation to find them on the
worksheets of problem tasks. However, this was not the situation. They were
nearly always encountered during tests, when tests were “gone over” and when
revision examination papers were done nearer the year-end. It appeared as if the
routine problem tasks were instructional tasks and were the means of preparation
for the more difficult problems that were assessment tasks. A related finding is
that of Gallagher (1989) who found that higher order thinking was present when
students were preparing for the examinations. This was because the past
examination problem tasks were challenging and stimulated the students to higher
levels of thought. This was not the case during normal class where the work was
normally of low conceptual demand.

A point that needs to be made here is that this analysis of the routine tasks
conceptual demand, only refers to the apparent demand. It was impossible to
determine the conceptual demand for each task for each student. For example,
there were a small group of students mostly from Susan’s class, who did not get
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involved in learning. As can be expected, for these students the problem tasks
never became routine or easy. For them, some of the routine problem tasks were
conceptually very difficult, as they had not taken advantage of the opportunities
given in class for learning how to solve them. When confronted with an apparent
routine problem task, they did not know how to solve it. It was not routine but
rather problematic and conceptually very difficult, if not impossible.

It was also surprising to find the limited range of problem tasks. The problem
tasks were very similar in format, in the demands made and time required for
solving. If the routine tasks were designed for instruction, we would expect to find
guiding questions that help either develop a problem solving skill or reveal the
underlying conceptual physics or chemistry. Unfortunately, there was little
evidence of problem tasks designed to explore phenomena or problem situations.
Questions were not asked to help students see relationship between new ideas and
their existing knowledge or their daily experiences. Problem tasks were ordered by
topic, making them discrete and separate from other topics. There were no problem
tasks that attempted to draw attention to the integrated nature of physical science
or to explore links between topics. There were no extended problem tasks or in
depth explorations of a situation that could stretch over a few periods. There were
no problem tasks that were open-ended requiring discussion of the merits of
answers. Rather, they appeared to be an accumulation of problem tasks from a
variety of sources collected to cover as many different situations as possible. There
was firm evidence that the same problem tasks were used from year to year and in
a number of schools. I assume that new teachers were simply introduced to the
accumulated store of problem tasks, expanding it from year to year by adding
multiple examples of the novel examination problem tasks. Unfortunately, the
selection of the problem tasks for teaching and learning was, to say the least,
lacking in variety and gave no evidence of being carefully designed sets of
instructional problem tasks.

6.4 TEACHING HOW TO SOLVE PROBLEM TASKS

Assertion 3:  The dominant mode of teaching how to solve the problem
tasks was for the teacher to explain and model how to solve
them, followed by student practice on similar problem
tasks. In their modelling, teachers encouraged students to
use general strategies. When dealing with particular
problem types they encouraged the use of specific strategies.
This approach was not effective in teaching the majority of

students how to solve anything but the routine problem
tasks.

6.4.1 _Introduction

Both Jack and Susan used direct teaching in which they explained how to solve the
problem tasks with student interaction limited to asking and answering questions
as they were led through the solutions. In this section, I will pay more detail to the
actual strategies and techniques used by them to teach the students how to solve
the routine and more difficult problem tasks. Both teachers encouraged their
students to use a general problem solving strategy. Susan used a “common sense”
approach while Jack emphasised an “envisioning” approach. They also provided
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specific algorithms and procedures for solving topic specific types of problem task.
Both Jack and Susan taught their strategies through modelling and explaining
how to solve the problem tasks. Students were expected to learn by watching the
teacher construct a solution, then practise on similar problem tasks and learn from
mistakes they make. The conceptual demand of the work was reduced through the
teacher doing the thinking and the students taking a more passive role. In the
sections that follow, I will describe these strategies and show that they had some
success in teaching the students to solve routine problem tasks but limited success
with the more difficult problem tasks.

6.4.2 Instructional strategy.

Assertion 3a In order to teach their students to solve problem tasks, Jack ar.d
Susan used very similar instructional strategies. The main
components of the strategy were teachers explaining how to do it,
students practising on similar problem tasks and learning from
their mistakes.

Watch carefully how I do it.

In the case of Jack, whether he was introducing a new problem type or going over a
problem task that had been attempted for homework or a test, the instruction
would fall within a framework that could best be described as “ watch carefully
while I explain how I do it”. For the students, class activities were essentially
limited to listening, watching, asking questions and answering questions as Jack
worked with the class as a whole, interspersing his presentation with a series of
question and answers. His approach is exemplified in the following excerpt from a
lesson, where he was explaining how to obtain the correct answer to an
electrostatics problem task that appeared on the test. At this stage of the
instructional sequence, he had already demonstrated how to solve similar problem
tasks, the students had been assigned a few for homework and the solutions had
been “gone over” in class:

Mr. Jones: Right, two oppositely charged plates are 20mm apart. How far

apart?... :
Students: - 20mm
Student: 2x10-2m, 0,02m

Mr. Jones:  20x104...0,02m......

[He draws a diagram of the two plates and starts filling in the
information as he speaks.]

A PD of 1500 volts exists across the plates. A particle of mass so
much is placed at x. Calculate ....

Mr. Jones: Now this problem was for twelve marks and nine of those
twelve marks were gift marks. Now, you must be very, very
careful if you look at a problem like this, particularly a
structured problem, a structured problem in which you have a
b ¢ d. In other words a leads to b which lead to ¢ or there are
steps. How many of you looked at the problem and saw the
parallel plates and the angle etc and said “Oh my lord. I have
not seen something like this problem?” Hands up.

Students: [About 4 or 5 students put up thetr hands.]

Mzx. Jones: OK. Next point. How many scored less than nine for this
problem?
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Students: [11 students put up hands]

Mr. Jones: = Right. I am going to show you how stupid you are on this one.
Watch carefully please. The first nine marks are very, very
simple. The last three are difficult but there is no way anybody
on higher grade should not get nine for this problem.

[Jack writes. E=v/d E=flq F=mg on the board.
Four or five students start talking in low voices to each other
while his back is turned. Two or three are writing in their
exercise books, but the majority are looking at the board.]
Right. See those three equations there. Guys, there is a lot of
noise please. ......c.......

[Turns to class after writing and points to equations. Those
talking stop immediately after his comment and there is silence
as he continues.]

Hands up those of you who are not familiar with those three
equations or one of those three.

Student: [No students raise their hands]

Mr. Jones: Right we have all worked with these equations, on more than
one occasion .... those equations on more than one occasion.
........ Right, watch ......

[Starts to write on the board]

A. The electric field intensity between the plates ......[part] A
......... E equals V over D which equals 1500 over 20 x 10 to
minus 3 and answer comes to ....... ?

[Continues with Jack solving the problem on the board and students shouting
out answers to calculations].(Jack lesson transcript, 12/05)

This extract is typical of Jack performing. He shows them how to do it. His
explanation could be described as “hierarchical” or “expert like" (Touger et al.,
1995). He identified the relevant principle, in this case, the three formulae
associated with the problem situation, and applied them in a structured way,
integrating mathematical and visual representations with related qualitative
descriptions. Student involvement was to “watch” and supply information when
required, such as data extracted from the problem statement or answers to
numerical calculations. Not all students participated, with the majority not asking
or answering questions during these performances. Even when the vast majority of
the class indicated they had the answer to a problem task correct, he would still go
through the solution steps. He would encourage them to ask questions at any time.
Jack monitored the success of students and would immediately help any students
who had a difficulty in understanding how to solve a problem. Alternatively, he
would ask individuals if they now understood and if they did not, he would go
through the explanation again. This could involve using the same explanation or

an attempt to model the problem practically or sometimes using a different
approach.

In virtually all observed lessons where he explained how to solve a problem task,

he would refer to the main principle underpinning the solution. The following
excerpt illustrates this.
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In the diagram above the hollow is as deep as the hump is high. A steel ball (B) is rolling
towards the hollow at a speed of 3 m.s™ in the direction shown. If frictional forces are

negligible and the ball reached a speed of 4 m.s™! at the bottom of the hollow calculate the
speed of the ball as it passed the crest of the hump.

Figure 6-5 Problem task: The dip and hump

He is dealing with the above problem (Figure 6-5) that students attempted in a
test and the majority got wrong.

For homework tonight I want you to do this problem. Now what you have to do
here to give you some clues....you have got to work out the kinetic energy
there, you got to work out the kinetic energy gain, in other words the kinetic
energy gain in dropping down the hump, is going to be the same as the kinetic
energy lost going up the hump. So, you work out the kinetic energy. I am not
going to explain exactly how to do it You work out the kinetic energy there.
From there you can work the kinetic energy gain. Consequently, you can
work out the kinetic energy loss and back to your velocity...right that’s it. The
answer isroot 2.. 1,41. Tve told you the answer. I want you guys to work it
out so you get the right answer. The answer is 1,41. (Jack, lesson, 24/03)

He would always focus on the principle behind the solution but would provide it
rather than allow students to determine it. For example, when he discovered that
Ken did not understand the answer for a multiple-choice question involving a
circuit, that he had just explained how to do, he started again saying, “Watch what
I am doing here”. He then explained the solution path again, using a different
technique. In this case, he redrew the circuit diagram producing an equivalent
circuit which all students then were able to recognise from one of their routine
problem sets. He completed the solution and asked if all understood, “Let me tell
you that electrically speaking, these two diagrams are identical. Is that what you
couldn’t pick up?” Sometimes he was aware that they did not understand and
appealed to them to “believe me for now otherwise you will get the calculations
wrong” (Jack, Lesson transcript, 08/02).

Most of his explanations followed a pattern in which he would emphasise the
principles necessary to solve the problem task, followed by the identification of the
appropriate formulae and then identifying the relevant values of the variables.
Once the numbers were allocated, he would leave the arithmetic operations to the
students. The students role was limited to following the reasoning behind his
solution, providing chorus answers, short individual answers to numerical
calculations or confirming Jack’s procedure and answers. He gave the clear
impression that his strategy was “Watch carefully how I do it” and this will lead to
you developing some relational understanding of the problem tasks which will
result in you getting to the solutions.
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Susan's style was slightly different to Jack's. In much the same way as Jack, she
would introduce new topics and new problem types to the students through
explaining how to do it. However, her emphasis was normally on how to use the
associated formula. This excerpt, from a lesson on acids and bases was typical of
the introduction of a topic where Susan would explain how to do a new type of
problem task. The following excerpt, taken from a longer transcript (05/08),
highlights some of the salient features of her explanations.

[She has spent the previous twenty minutes explaining how to do a titration
practical, which the class was to attempt the next day. She now had to explain
how to calculate the concentration of the substance that was to be titrate]:

Mrs. Smith:  First thing you have to do with a titration calculation is to have
a balanced equation. If you don’t have a balanced equation, you
will not get the answer right, nine out of ten times.

[Writes the balanced equation on the board]

Now, we are looking at two different things here. We are

looking at concentration and we are looking at volume..... OK.

The concentration of the hydrochloric acid is what we are

trying to find. c v

[Noise from students as she writes on board ] Bo _lala
n, ¢V,

Now you have the formula, number of moles of acid, over the

number of moles of base, equals concentration acid, volume
acid, over concentration base, volume base.

[Susan then showed them how to solve by changing the subject of the formula
and then substituting in the values. She had to repeat her explanation for the
source of the values for n. and ns when few were able to tell her the values
when requested.]

This excerpt was typical of her explanations which fit the pattern of being
“formula-driven” (Touger et al., 1995). There would be the identification of the
appropriate formula to use, values would be assigned to variables, followed by
algebraic manipulation. It was rare for her to focus on the principles lying behind
the formula. Once this had been done, in the initial introduction to the topic the
focus of her explanations would be centred on the use of the formula. There would
be many clarification questions asked by students. They would constantly call out
questions while she explained. Having dealt with the questions, she would return
to her explanation. Susan had many opportunities to interact with individual
students, as they would approach her desk to ask for assistance. Susan would
nearly always take their exercise book and write the solution steps to the problem
task or at least the part they did not understand, explaining to them what she was
doing. The overall impression I obtained was that her explanations were directed
at promoting instrumental understanding of the solution paths.

Although there were some differences between Jack and Susan in their

instructional strategies to develop problem-solving skills, they were based on the
teacher explaining and modelling how to do it.

The more I practise the luckier I get

Reference to the hundreds of problem tasks used, makes it obvious that practice at
doing problem tasks played an important role in both teachers’ instructional
strategy. The fact that they were given both a large number of different problem
tasks and sets of similar problem tasks indicated the important role played by
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practice in the instructional strategy. This perception was reinforced by comments
such as the following made by Jack when speaking to his class after an
examination in which they had not achieved as well as he had expected. He asked
one student, who had done very well, how much work he had done. When the
student replied “Lots”, Jack had the following to say, “It is as Gary Player says,
‘The more you practise the luckier you get.” Some of you kids need to listen to Gary
Player.”

From a closer look at my data, I induced two kinds of practice. First, practice was
given on many similar sets of problem tasks (drills) to make the students confident
and skilled in basic use and application of the formulae. When asked why the
students were given so many similar problem tasks, Jack explained it this way:

To get them familiar, so that they will have no difficulty in applying the
equation in a new situation. So the mechanics, .... in the broad sense of the
word, of applying an equation, shouldn't be difficult to them........... Let's take
a uniform acceleration problem. Once they have in fact solved the problem,
and wind up with a solution, which is S equal V squared minus U squared
over 2A, say, then hopefully in fact, once they've got to that point, they merely
substitute and take it as purely mechanical. And there shouldn't be any
problem there,....amm.... Problem in inverted commas, because they've had a
large number of exercises in that. The problem of sorting cout UVAT S -
what the values are and thereafter, it should be an exercise.

(Jack, interview 18/03)

Susan had much the same reasoning but she also emphasised the importance of
building confidence:

Int.: There are thirteen questions. Any reason why you didn't just
give them four questions?

Susan: Because I think they need practice in this section. It also gives
them confidence. I find once they've got, ... once they're doing
well in this section, they build up confidence. And the other
reason why I've given them so many, is that their equations of
motion wasn't very good in their test. And rather than do more
worksheets on equations of motion, it incorporates equations of
motion to a large extent, so they're getting the practice here.
(Susan, interview, 04/02)

The students saw it as becoming familiar with particular types of calculations in
preparation for the examination. When they were given a similar task, they would
only have to cope with the different values of variables. As James put it, the basic
use of the equation would become “second nature”:

Because practice makes perfect. As soon as you're given one ... it's the same
thing with everything, with driving ... everything you do in life. You can't be
expected to do it quickly and effectively the first time round. So the first
problem you'll be getting, say it's a truck striking a car, you're going to battle
with it, trying to figure where you can fit the information you're given into an
equation to find out what you need to know. And then as you do different
examples and different situations and different measurements, it becomes
easier and easier, until finally at the eighth or ninth problem it becomes
second nature. Although what happens to you afterwards, the questions get
harder and more difficult and more distorted and require more and more
understanding as you go along. So it's probably like an ascent to the problem.
You start off with the most basic and the easiest to understand, and as you get
the information it starts to build up and the questions get harder and the
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application will be more difficult, but you've already got the good grounding of
doing easier ones. (James, interview)

The second type of practice was an attempt to cover as many different situations as
possible in which a particular formula or principle could be encountered. James
also mentions this in the excerpt above.

Examination of the worksheets showed many of them starting with very similar
drill type problem tasks formulated with skeletal situations. These were followed
by problem tasks using a variety of situations i.e. variation on a theme. The sets of
“pulley problems” given in Appendix F are a good example. While some are simply
drills for learning the basic application of the principle, others are variation on the
basic trolley with a weight suspended at virtually all the possible positions,
followed by friction acting at various points. A further example, supporting the
existence of this type of practise, was associated with problem tasks involving the
interpretation of graphs. Students were given sets of all the likely graph shapes
that they were likely to encounter and an interpretation of them. If they
encountered a graph in a test, all that was necessary was to match the graph
shape with those previously given as examples. In this particular case, solving a
problem task virtually became similar to choosing an answer from a list. This
practice reduced the cognitive demand of the work and was part of the
instructional strategy as indicated in the following excerpt:

That is the one I mentioned about the acceleration, I don't think they'll look at
the fact that its constant acceleration. They're going to get confused because it
is a force displacement-time graph for the rubber ball.......... those two will
definitely confuse them, unless they looked at that one sheet I gave them with
all the possible options. (Susan, Interview 09/02)

Because students recognised that they would have difficulty with novel situations
in the examinations, they would search for problem tasks from a variety of sources
especially past tests and examinations. To obtain the desired practice, students
would purchase booklets of past examination scripts. These were sold in bookstores
and contained the examination questions and model answers from previous years
papers from all the education departments. This type of practice was especially
emphasised as examinations approached. It was obvious that students saw this as
a basic part of the instructional strategy and without it, success was not possible.
It appeared that they were hoping to “cover” every possible situation and in this
way minimise the chance of getting a novel situation in the examination. When I
asked Eric why he was going through the past tests and examinations he
confirmed this by replying that it was in preparation for the examination, “ so

when you get a problem you've seen it before. ...it's just a matter of different
figures. You know how to do it”.

There was no doubt that Jack and Susan saw practice on similar problem tasks as
a strategy for teaching students how to solve the problem tasks that would be
encountered in the tests and examinations. When students struggled with
particular problem tasks, Jack would often either give another test including
similar problem tasks or provide another worksheet with similar problem tasks.
After students had difficulty on a test with a particular problem task, he said, “I
will endeavour to get one or two similar ones in a worksheet for you tomorrow”.
When students did badly on a test, I interviewed him about his normal practice of
always giving two tests on the same topic:
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Jack And yet I could give them a similar standard test, ....... on
Friday, and they would do very much better at it.

Int: So there's something in this practising?

Jack: Oh look , it's practice and ...... drill for want of a better word,

and if you in fact are just drill, drill, drilling, you're drilling for
a specific kind of problem. If you in fact are giving vast
numbers of problems, somewhere along the line, you do succeed
in ... improving their problem solving ability because they in
fact have more practice at the problems, that maybe they're got
to think broader, read the question more. How that actually
helps them do better the second time round, I can't put a finger
directly on it. (Jack, interview, 10/02)

What I found interesting was his firm belief in and commitment to the practice
strategy, despite his acknowledgement that he was not quite sure why it worked.

They won’t make that mistake again

Both Jack and Susan saw value in carefully going over the solutions to problem
tasks after the students had attempted them. One of the apparent reasons for this
was for the students to learn from their mistakes. Susan did not spend as much
time as Jack on this activity and would often only verbally provide brief solutions
and solution paths. However, she felt this was valuable so that:

The kids can see what sort of train of thought I'm using. Where I'm going and
how I get to my answer, not just an answer which is meaningless, and they
can also pick up where they've made their mistakes. (Susan, interview, 28/01)

Jack on the other hand was surprised that other teachers did not spend as much
time as he did, for example, in “going through” test problem tasks. Again, the value
for him was that the students would be able to see their mistakes:

I also spend a lot longer on going through tests than most people. I would say
as a general rule I spend one and a half, two times longer than it actually
takes them to write the test on going through it again. If they have a major
exam I spend a week on it. And I'm just very surprised that other people can
get through it in a period. I think in fact, half the value of a test disappears
unless you go through it. I also like to go through the test with them in detail,
so that they can actually sit there and mentally kick themselves in the head
because they can see how stupid they've been. (Jack, interview, 10/02)

Jack emphasised this instructional strategy as he was convinced that students
would learn from their mistakes. For example, after Bruce got a problem task
incorrect for the second time, Jack assured me that he “won't do it again”. The
majority of the students, exemplified by comments from Bruce, were also convinced
that this was a good teaching strategy:

I used conservation of energy for that, because what I did is, I just thought one

pendulum carrying on going all the time, and I actually 1gnored the collision.
So I used energy instead of momentum. Now once I've done it, I know I won't
ever make that mistake again. You learn from your mistakes. I know now to
use momentum instead of energy, because energy obviously ... is going to be
transformed, sound and heat.

Another reason for “going over”, provided by both Jack and Susan, was that
students would inevitably make careless mistakes. In fact, on a number of
occasions, both would draw students' attention to a prospective common error, “I'm
telling you that you're going to make this careless error”. J ack and Susan made it
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clear that a major factor in any poor performance were the careless mistakes e.g. in
gas law problem tasks, they were expecting students not to convert degrees
centigrade to Kelvin. They felt that by drawing attention to them repeatedly, while
going over the solutions, students would not repeat them in the examinations.

6.4.3 Problem solving heuristics

Assertion 3b:  Jack and Susan encouraged their students to use both general and
specific problem solving strategies.

The emphasis in the previous sections has been on the instructional strategies used
to teach problem solving. This section focuses on the problem-solving strategies
themselves. Early on in my classroom observations, I perceived two strategies that
both Susan and Jack, modelled and encouraged their students to use. The first, I
refer to as their general or framing strategy. These were the personal strategies of
the teachers and they framed the explanations of how to solve a problem task
across all topics and types of problem task. The second I refer to as problem specific
procedures as they were limited in most cases to a particular problem type. What
follows is a description of these strategies and evidence of their use by Jack and
Susan. '

Framing strategy

Both Jack and Susan had their own general framing strategies, which they used
for the solving of problem tasks and encouraged their students to use. For example,
Jack was always emphasising the need to “project yourself into the problem and
imagine what is happening”. This resulted in many of his explanations having a
qualitative component, with time spent on understanding the task qualitatively
before moving onto application of the formula. The following excerpt from an
interview is one of many occasions when he spoke about this strategy:

I want them to put themselves in the position, and looking at a pendulum -
what causes a pendulum to swing ? - When you have it high, is it going to
swing fast. When you have it low, is it suddenly going to accelerate like that?
It doesn't, why doesn't it? And...I want them to project themselves into the
problem as much as possible. And I think that is the way I teach, that things
are very, very hands on. You can project yourself into the problem. And if you
can project yourself into the problem to intuitively figure out what is going to
happen, then try and do it that way. (Jack, interview, 15/03)

Jack used this problem-solving strategy in his explanations and made it very
explicit to the students, often drawing their attention to it. This is clearly
illustrated in the next excerpt from a lesson:

Mr. Jones: What you should do is take ten seconds to look and see what
happens ... Try and get an overall view of the problem, what is
going to happen.....Putting two mass pieces, one greater than
the other - I am choosing a simple example on purpose.
[Draws trolley on surface with two objects connected by pulleys
one on each side. He refers to this diagram as he continues with
his explanation.]

In reality what is going to happen here? In reality what is
going to happen? Simple. That is going to pull that trolley to
the right hand side. Gravity is going to move the whole works
clockwise and that is going to hit the ground. And the moment
it hits the floor there is no more tension in the string. There is
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no more acceleration ...... constant velocity.
(Jack, lesson transcript, 18/03)

Susan's approach was different and I have called her method the “common sense”
strategy. The strategy could be used when dealing with many situations in school
and life in general. She recognised that it was not a specific strategy for school
science problem tasks but was also applicable to other situations. Like Jack, she
often mentioned it to me when speaking about the problem tasks:

All the problems, all the calculation type problems that we do in physics, I try
and teach them the method. You know, you write down the information you've
got, what are you looking for? How are you going to find it? So I don't think
it’s necessarily restrictive just to physics. Because if they come across any
problem, what have they got, what are they looking for, how are they going to
get to the end? Whether it's a calculation or whatever. It could be a financial
problem. How much have you got? What do you want? How are you going to
get there, kind of thing. (Susan, interview, 23/03)

What was interesting was the fact that neither Jack or Susan ever wrote their
strategy down on the board, provided a set of notes on its use or provided details of
how to develop the skill of applying it.

Both Jack and Susan also emphasised the use of logic and reasoning in their
general strategies. Susan felt that her common sense approach arose from simply
applying logic to the situation. When I asked her the source of her strategy she
replied “I think it came more with time, with trying to use logic more than
anything else” (Susan, Interview, 09/02). When he was going over a problem task,
especially multiple choice questions, Jack would often take a qualitative approach.
He would avoid getting involved in the equations and calculations but rather talk
his way through the solution indicating that he wanted to “go by reasoning”. This
is illustrated in the following extract from a lesson. He is going through a multiple-
choice question that was asked in an electricity test, which they had written the
previous day:
Mr. Jones: The one is a 1000 ohm heater and the other is a 2000 chm
heater and...I am not going to use figures to work this out. I
am going to go by reasoning on this. Now...do I spend any time
on this sort of thing.
Students: Yes ... Yes
[One or two students respond with the rest of class silent then a
few more shout, yes].

Mr. Jones: You bet your bottom dollar on it. I do. I spend a lot of time on
this particular aspect.

Both Jack and Susan used diagrams when explaining how to solve problem tasks.
They encouraged their students to do the same and often checked if they had used
a diagram. While diagrams were an adjunct to Susan’s strategy, they were an
integral part of Jack’s strategy of visualising the problem situation:

Mr. Jones: In a problem like this what is the first thing I do? Other than

read it?
Student: Draw a diagram?
Mr. Jones: Draw a diagram. How many students draw a diagram? I draw

a diagram for a very simple reason. As part of my idea of
solving mechanics problems that you have to be able to
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visualise.

(Jack, lesson transcript 25/03)
Susan did not emphasise the drawing of diagrams a much as Jack. As shown
earlier, she concentrated on the information provided in the problem task and the
associated formula. However, she did encourage the students to use them
especially with particular problem types:

Mrs. Smith:  And ... the first thing you do - if possible, you can sketch a
diagram. Now, in equations of motion, it's not that serious, but
when you come on to something like momentum, it is essential
that you have a diagram and you indicate the directions. That
will make your life a lot easier.(Susan, lesson transcript, 02/02)

Despite the emphasis placed on diagrams, at no stage were techniques of drawing
sketches and diagrams spoken about or were the students given explicit instruction
on how to translate a written problem situation into the equivalent diagrammatic
representation. Reference was simply made to drawing a diagram or sketch and
filling in information given in the problem task.

Specific strategies and heuristics

As each topic was encountered with its sets of similar problem tasks, Jack and
Susan would demonstrate how to solve these types of problem task following a
particular method or solution path. As indicated earlier, these routine problem sets
were very similar and the situation would normally cue the formula or formulae to
be used.

In the case of Jack, he did not explicitly list these heuristics or procedures,
although one or two were present in the notes provided to the students. For
example, the section on acids and bases contained an algorithm for solving
titration calculations. However, the presence of algorithms or step by step
procedures was atypical. In fact, there was no record of him even referring to it or
demonstrating its use. He would concentrate more on his envisioning strategy,
with the accompanying diagrams and reasoning, all of which he would model to the
students. He would provide particular hints and tips for the different routine
problem types. For example when doing pulley problem tasks, he encouraged them
to represent them as acting in the same straight line, saying, “Watch what I am
going to do here, something very crafty” (Lesson transcript, 03/02). He said this as
he changed the diagram from being a pulley with a weight hanging over the table
edge to all the connected objects in a straight line. Again, when doing routine

equilibrium calculations, he encouraged the students to set the calculations out in
a particular columnar format.

Susan on the other hand followed a more structured approach emphasising the
need for specific steps, such as writing information down, drawing diagrams etc.
This is illustrated by the following extract from a lesson (02/02) in which Susan is
explaining how to solve routine problem tasks associated with the equations of
motion:

Mrs. Smith:.: Right. We are going to use these three formulas to do the
calculations, and when you are doing calculations - look at the
second to last sheet I gave you, I have given you a little list of
what to do when you are solving equations. ....... It doesn’t only
apply to these equations. It applies to all equations you are
going to be doing.

The list taken from the student notes is reproduced below.
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Solving equations

Step 1 If possible sketch a diagram

List all the information that is given
Write down what you are asked to find
Select a suitable equation

Change the subject of the formula
Substitute

Solve

NoLuA LN

Susan demonstrated this procedure, calling attention to the various steps, as she
solved a problem task e.g. “ The next thing you write down is what they want you
to find out, what you are looking for” (Lesson transcript, 02/02). Given that she
was dealing with a simple task and only had three formulae to choose from, the
procedure took the form of an algorithm. However, this was not as easily applied
for all the kinematics problem tasks, as many of them would require more than one
step. However, the basic strategy, as stated would be used, with variation, as she
solved the problem tasks. Although Jack did not use the identical method or refer
to a number of steps, he encouraged the use of a very similar procedure. These
routine problem tasks, dealing with equations of motion were referred to as
UVATS. The students were instructed to write down these symbols for the physical
quantities e.g. U = initial velocity, V = final velocity ) one under each other and fill
in the given information from the problem text. Using this, they were to infer
which formula could be used and then solve for the unknown variable.

Susan also used a strategy for obtaining the information needed from kinematics
problem situations. Although it could have been useful with a number of different
problem types, she only used it when referring to the kinematics problem tasks.
She would advise her students to look out for three sources of information, what
she referred to as the direct information, the indirect information and constants.
This is exemplified in the following excerpt where she is explaining to the class how
to solve problem tasks from the section on kinematics:

Mrs. Smith:  There are also three things to look for. The three things that
you are going to look for are: what they call direct information,
which they say to you an object accelerates at 6m/sec; that is
direct information; that information is actually staring you in
the face. Then they give you indirect information. For example,
they are saying to you, an object starts from rest. What does it
mean if an object starts from rest? What are they actually
telling you?

Student: Initial velocity is zero, is nought [murmur of voices]

Mrs. Smith:  Initial velocity is?.... Zero. Another kind of hidden information
is,.. An object is falling from a high building. What are they
telling you there? Sbu? [directs question at student]

Student: Acceleration is constant.

Mrs. Smith: Carry on.

Student: [No response]

Mrs. Smith:  Acceleration? You've got (half?) - they're giving you the
acceleration........ ?

Student: Is constant?

Mrs. Smith: Yes - it's constant .... at 10m/sec. They're actually giving you
the acceleration in an indirect way. That's why it's called
indirect information. They're using the words in a different
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way. Rather than saying to you, the object accelerates from a
tall building at 10m/sec/sec. At that stage you know an object is
falling. Things always accelerate at 10m/sec/sec. Right? So if
they say to you it's falling, you can assume - you know to use
the acceleration as being 10. And the third type of information
is if you have to use a constant. Some formulas require you to
use constants. For example, later on we'll get onto what is
known as Newton's Law of Universal Gravitation, where F = G,
Mi, M2 over R?, and that is a constant which will be given to
you in a data sheet. So that's the third type of information
when you are doing the calculations. Right? That's the type of
information that you're going to be looking for. What do you do
with that information? It's very important. You're going to use
that information to solve your problem.

(Susan lesson transcript 02/02)

For multiple choice questions, Jack had an approach or strategy, which 1
mentioned above. He wanted the students to read the problem statement and not
look at the distracters. They were then to try solve the problem task through
qualitative reasoning or use of an equation where appropriate. Only when they had
an answer were they to read the distracters and match their answer to one of
them. If this did not work, then he advised that as a last resort they should

“climinate those that they know are wrong “ and choose an answer from the
remaining options. He also emphasised “never leave it blank” implying they must
choose an answer even if they were not sure.

6.4.4  The success of the instructional strategy

Assertion 3c: Students were able to solve routine problem tasks but were not able
to deal with the difficult problem tasks. It appeared that the
students did not use the general strategies. However, they did use
the specific strategies associated with routine problem sets.

The question of whether the instructional strategies used by the teachers were
successful is a difficult one to answer. This is because there are many
interpretations or perspectives from which success can be viewed. If the purpose of
the strategies was to end up with students who could pass a specific examination,
Jack's strategies could be considered very successful while Susan's would not be.
However, there was a difference in the academic quality of students in the two
classes. Jack’s students were all higher grade students and were expected to pass.
The question for them was how well they would pass. In Susan's class, the
situation was more to do with limiting the number of failures. Consequently, it is
difficult to provide definitive measures of success. To get around this problem, I
looked for a number of indicators, which would be considered as legitimate from a
variety of perspectives. Taken together, I hoped that these indicators would
provide an overall picture of the effectiveness of the instructional strategies. The
following indicators were chosen as the most appropriate for my purposes: use of
problem solving strategies; changes in student marks from year to year; success

with routine tasks; and success with difficult tasks. These indicators are discussed
in the following paragraphs.
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Use of strategies

It was difficult to determine if the students used the strategies that their teachers
encouraged them to use and modelled for them. Certainly, there was no explicit
evidence that they used the general strategies in a formal and structured way
when solving problem tasks on their own. However, there were pointers to the fact
that the students did not consider the general strategies useful to them. For
example, examination of Jack's student exercise books revealed virtually no
qualitative descriptions at all (which could be considered evidence of envisioning)
and only a small number of diagrams. Page after page was covered with formulae
and calculations. This did not exclude the possibility that students used his
strategy. For example, on one occasion he checked to see how many students had
used diagrams. When he began berating them for not using diagrams, they
responded that they used the diagram provided on the test paper. They did not see
the necessity to draw a new one.

However, if they used diagrams as part of their problem-solving strategy, then
evidence of this could be expected in their exercise books and examination papers.
This was not so, despite the worksheets showing that the majority of problem tasks
were not accompanied by diagrams. However, there was evidence that his students
were aware of the general strategy and some of them had attempted to use it: For
example, when asked about difficult problem tasks, Bruce referred to visualising as
one of his strategies. In this excerpt, I had asked him what made some problem
tasks difficult:

Sometimes just the wording. It might be a bit ambiguous at first, and when
you read over it a couple of times, and you've got to make decisions about
what's actually happening in the problem, visualising. That's probably about
the hardest part, actually visualising the problem, trying to decide what's
actually happening. (Bruce, interview)

In Susan's class where I had many opportunities to observe students working on
their problem tasks, there was little evidence of them using general strategies or
drawing diagrams. The exercise books were mostly devoid of diagrams and other
evidence of following the steps of the strategies given to them by Susan.
Unfortunately, the interview data was not able to confirm this as students gave
conflicting accounts. For example, the following excerpt is indicative of some
students not using the strategies:

Int.: When you solve a problem do you think of a, ...do you have a
picture in your mind, or do you draw a diagram?

Sbu: No, I have a picture in my mind........ I just picture this ...... 1
don't do diagrams.

Int.: Ok.

Sbu And I can picture a boy throwing a ball down. And the gravity

comes down and ........

However, when speaking to Frances, indicated that she found diagrams useful for
understanding the problem situation and did use them:

Well I think you have to do that. Sometimes like I draw all pictures of my
science to make me understand. Because sometimes it's quite hard to imagine
the problem because it's not realistic..... And then you just do a picture and
you more or less understand. (Frances, interview)
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In contrast to the general strategies, there was convincing evidence that the
student used the specific strategies associated with routine problem types. For
example, they often explicitly listed the variables and equations when doing
UVATS problem tasks as instructed. Again in equilibrium type problem tasks,
students used the table format showing initial concentration etc. as modelled by
their respective teachers. It appeared that where a step-by-step procedure or a
format was available, students used them.

Test and examination marks

The second indicator concerned students’ test and examination marks. Detailed
records were kept in both classes of all tests and examinations for the previous two
years. I was able to monitor a student's progress on tests and examinations from
their entry into standard nine until their departure at the end of standard ten.

A feature of the students' marks was the lack of significant change from year to
year. In fact there was only an average decrease of about 5% from their standard
eight year-end result to their standard ten final assessed mark in both classes.
However, this does not provide convincing evidence of a lack of progress, as the
examinations were not standardised and therefore not comparable. What is
interesting is that the standard deviation in Jack's class increased from 8 to 12.
This hints at the fact that the gap between those who were able to solve the
problem tasks and those who could not, increased as the years past.

Further examination of the mark-record in Jack’s class showed that the students
who achieved matric marks in the 70-90 % range tended to drop their mark by an
average of 4% from Std. 9, while those in the lower range of 45-60 % tended to
decrease by an average of 12%. This was an unexpected and significant result. If
any change were to occur, I would expect to see the standard deviation to decrease
as more and more students became competent problem solvers and were able to
deal not only with the routine tasks but also with the more difficult problem tasks.
I consider this an indicator that the students were not benefiting from the
instructional strategy.

While the average for the higher grade group of students in Susan's class also
decreased from Standard nine to ten (53% to 45%), the standard grade group
average increased by approzimately three percent from 44% to 47%. This could
indicate that they were benefiting from the instruction. Given that the standard
grade paper consisted of routine problem tasks, it appears that the students were
becoming more effective routine problem solvers. An alternative interpretation is

that the students were motivated by the high stakes examinations and began to do
more practice.

It- 1s recognised that no conclusions can be drawn from these descriptive statistics
given the lack of standardisation of examinations and other uncontrolled variables.
However, taken as supporting evidence, I feel their presentation is justified.

Solving routine problem tasks

The third indicator was the success at solving routine problem tasks. There was
ample evidence that the students were able to solve routine problem tasks
especially those provided on their worksheets. Reference to their exercise books in
which they did homework showed the majority of the tasks marked correct. When
Jack or Susan went over the problem tasks in class there were very few questions
asked. Often when they asked who had a problem incorrect, only two or three
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would have their hands up. If an assumption is made that at least 70 % of the tests
and examinations contained routine problem tasks then the majority of students
should pass the examinations. In Jack’s class the majority of students passed and
the class average for all tests and examinations for the year, referred to as the
assessed mark, was 65% with only three students with averages between 45 and
50%. This implies that they were able to deal with the routine problem tasks while
the more difficult tasks limited their marks.

This was not the case in Susan’s class. The averages of the assessed marks was
50% for the HG students and 45% for the SG students. While most students could
deal with the simple routine problem tasks, students had difficulty with any
problem that was slightly different i.e. even those referred to as variation on a
theme. The consequence was that only eight students had assessed mark above
50%. There were some students who never passed tests and even had difficulty
solving the most simple of problem tasks. (For example, seven students obtained
less that 40% in the June half-yearly examination.) It appeared as if they simply
were unable to engage with the problem situations and did not even know how to
follow the procedures taught. Examination of their scripts showed that their marks
came from problem tasks involving recall or “learning work” and a few routine
problem tasks that were virtually identical to ones done in class. Many tasks in
tests and examinations were structured into parts and they obtained part-marks
for some of the easier parts.

Solving difficult problem tasks

The students’ inability to solve difficult problem tasks was highlighted by a
common experimental examination held in a number of schools. Two papers were
designed. The first (Paper 1) contained section A with very basic routine problem
tasks, and section B with a number of variation on a theme type problem tasks.
The second paper (Paper 2) contained section C with difficult problem tasks.

In Jack’s class, while the average for the first paper was 70%, the average for
paper two was only 40%. The general impression I obtained from my observations,
was that there were a group of students, who maintained averages in the eighties,
who were able to deal with most of the difficult problem tasks or at least get some
way toward a solution. Other students would get some of these problem tasks
correct but infrequently. It appeared to be a hit and miss affair. They had done the
many practice problem tasks but just never did as well as they hoped or expected
on the examinations. Tom was a good example. His final matric mark was a C (60
—69%). However, his test marks fluctuated during the year between eighty percent
and fifty percent. In this extract, Tom is explaining why he did not do as well as he

hoped in the June examination:

I suppose that most of the problems, they dealt with things we've done like
loads before. All the questions they asked, we've worked on before. All the
equations, all the manipulations of equations, you know we've actually done in
class. And I did quite well you know, with the mechanic section of work from
the beginning, so I didn't find it hard. Because you know , you sort of learn
how to go about a problem, and... most of the question we've,.. like we've done
almost-... well we've done examples that are almost exactly the same. And I
thought it was just, just a case of you know, seeing little things that, ...... you
know the way you've done before. Why I didn't (do well), I really don't know.
But I didn't feel it was hard paper at all.

What is interesting here is that Tom is not that sure why he did not succeed. He
attributes it to “just a case of seeing the little things.” It appears as if he is saying
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that he has done everything asked of him but still cannot get all the problem tasks
correct. He was a very motivated student and was active in the lessons asking
numerous questions. However, he was unable to consistently deal with the difficult
problem tasks.

In Susan’s class, the students did so badly on the common examination papers
mentioned above, that she did not take the marks into account when determining
the term mark. Examination of the student responses to paper C, showed that the
spaces provided for the answers were generally left blank. This implies that when
confronted with difficult problem tasks they did not know how to start. It appeared
as if they had no strategies to implement. Again, the highest mark in the trial
examinations later in the year, was 60% with the average for the higher grade
being 45%. This is further evidence that her students were unable to deal with the
difficult problem tasks and even had difficulty with routine “variation on a theme”
tasks.

6.4.5 Commentary

In this section, I have provided a description of the strategies used by Jack and
Susan in teaching the students to solve the problem tasks. I have provided
evidence to support my assertion that they used both general and specific
strategies to work problem tasks. Evidence was provided to show that the students
could in general solve the routine problem tasks and they used procedures provided
by their teachers. However, they were not able to deal with the difficult tasks and
there was limited evidence of them using strategies. I now propose to describe in
general the students’ approach to solving problem tasks and indicate why their

problem-solving strategies were not successful when used with difficult problem
tasks.

Dealing with routine problem tasks

As students encountered different problem tasks, students would label or
categorise them. They used cues, extracted from each problem situation, to build
up a knowledge base of similar sets of problem tasks. The main cues appeared to
be the science topic e.g. momentum, the physical objects used e.g. stopping cars,
and the physical quantities or the scientific terms e.g. inelastic collision. They
would attach to each problem set, the mathematical representations and
procedures that could be used to solve those types of problem task. These
procedures were demonstrated and practised in normal classroom activities until
they became routine. When confronted with a new task, these cues were used by
the student, to match the current problem task with a previous routine problem
set. Once categorised, the student used the associated solution procedure to obtain
the solution. It was a case of “In this well recognised situation I must do this”.

Their main problem solving strategy involved i) the ability to associate a task with
a problem set, ii) the recall of the previously used solution path and, iii) facility
with the routine procedures. To make this a viable strategy, the students did two
things. Firstly, they practised with the sets of similar problem tasks to gain facility
in the mathematics manipulation and use of procedures specific to particular sets
of routine problem task. Secondly, they covered as many different problem
situations as possible to enhance recognition of similar problem tasks. I refer to
this problem-solving approach as an instrumental strategy (Skemp, 1978). They
expected to solve the tasks by employing procedures that had previously been
explicitly taught. They expected to identify the superficial cues when they read the
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problem statement. This allowed them to solve routine problem tasks without fully
understanding the physics or chemistry phenomena and associated principles. The
structured questionnaire responses added weight to this assertion. 52% of the
students in both classes agreed that they obtained the correct answers to some
problem tasks without understanding the theory or principle, while a surprising
35% of students agreed that they solved many problem tasks without
understanding the principles or concepts involved.

While this strategy allowed students to cope with the solving of routine problem
tasks, it was of limited use when confronted with difficult problem tasks. They
would try their strategy of matching with a previous problem and find that it was
not working. In what follows I have given some reasons why the students were
unable to deal with the difficult problem tasks. I became aware that both teachers’
instruction and the students’ strategies concentrated on two steps or stages. These
were, understanding the problem situation and producing a mathematical
representation. These were not necessarily explicitly referred to or identified by
the participants as steps, but were implicitly deduced from their problem solving
approaches and from the strategies provided and modelled by Jack and Susan.

Understanding the task

The first step dealt with the understanding of the problem task. When the problem
task was presented, the problem situation had to be understood. If it was
recognised as belonging to a routine problem set then the procedures explained
above were followed. If not, students would need to begin asking a number of
questions in an effort to create a representation of the problem task. For example:
What phenomenon is of interest?; What exactly am I being asked to do?; What are
the critical features of the problem task?, What is happening in this situation from
a science perspective?; What quantities and variables are involved. What are the
situational constraints?; In general, both teachers appeared to accept that there
was a need to create an alternative representation of a difficult problem task. This
was emphasised as a first step in understanding the problem situation. In response
to this need there was an emphasis on producing a diagram and representing all
the physical quantities given, onto the diagram. However, it appeared as if the
students were not convinced in the efficacy of diagrams or were unable to procuce
useful diagrams. As previously indicated, evidence from student exercise books
showed working that consisted almost exclusively of algebra. This was not
unusual. In a similar study looking at student use of diagrams Van Heuvelen
(1991a) reported that despite teachers using diagrams in solving problems, only
about 10-20 % of students in conventionally taught courses used diagrams when
encountering problems in examinations. In the current study, significantly more
diagrams were produced on examination scripts. However, where diagrams were
used, these did not necessarily appear to contribute to understanding the problem
situation. For example in a problem task dealing with a sign hanging from a wall,
the majority of students produced a right angled triangle and filled in values such
as the forces and angles. Unfortunately in many cases, this information was
incorrectly allocated. It appeared that the diagram was more a step in the
procedure of creating the mathematical representation than a step in
understanding the problem situation.

This analysis is supported by a number of studies (see for example Chi, Feltovich,
& Glaser, 1981a; Reif, 1981) that have advocated the need for successively more
detailed levels of description as students move from the problem statement in
words to the mathematical representation. For example, the student might need to
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move from a literal representation of the physical objects in the situation to a
scientific representation with idealised objects e.g. free body diagram, to a
generalised mathematical representation. Unfortunately, the students focuses on
the mathematics procedure before they have a clear description of the problem
task. Students have a preoccupation with mathematical formulas and equations
which Van Heuvelen refers to as “crutches that short circuit understanding” (1991a
p.893). He surmises that the lack of effective use of diagrams is due to the fact that
students don’t understand the concepts and quantities represented in the diagrams
and are therefore unlikely to use them. Consequently, they do not have the tools
and strategies to understand unfamiliar situations.

Mathematical representations

The second step had as its focus the mathematical representation of the situation.
At this stage, the solver would understand what the problem task involved but was
not necessarily aware of the scientific principles that apply. If the task was
categorised in the first step then the student would simply use the appropriate
mathematical procedure associated with these sets of task. However, if the task did
not fit exactly i.e. variation on a theme task, then the student would attempt to
modify their recalled solution plan to suit the current situation. At this stage, some
students who were unable to manipulate or adapt the recalled mathematical
representations to suit the changed situation would falter and be unsuccessful. As
Johsua (1991) explains, the students become disorientated by minimal differences
from the routine problem tasks. This is explained by the fact that as soon as they
attempted to combine or adapt bits of partial knowledge, they would move into
areas they had not encountered before and become stuck.

It is at this point that the students were likely to categorise the new problem as
difficult or tricky. I suspect that they had no explicit approach or set of steps to
follow when in this situation. Consequently, they did not know what to do next.
Not having other strategies to employ, they would stop or inappropriately apply a
mathematical representation from a previously done problem, in the hope that it
would be successful i.e. take a guess. Consequently, very few students were able
consistently to solve the difficult problem tasks. The only exception to this were a
small proportion of students (also found in other studies e.g.(Sweller, 1989)) who
were able to generate solutions either through their own efforts or through
benefiting from the instruction in some way which was not explicit to all. These
students were characterised by the fact that they generally achieved well in most
of their school subjects. For example, nearly all students in Jack’s class who
obtained an “A” in physical science also obtained A aggregates (i.e. the average for
all subjects taken in the matric examination).

Apart from this small group of students, I suspect that the students did not develop
an effective problem-solving approach to deal with difficult tasks in which they
became stuck. We know that students need general problem-solving strategies
when moving into unfamiliar areas. Also, when problem-solving, we know they
would need to use not only a single strategy in isolation but rather need to employ
a combination of strategies. Consequently, they need to have a range of strategies.
For example, Dhillon (1998) found ten commonly used strategies, reported in the
literature such as envisioning, means-end analysis, problem decomposition,
working backward, and heuristic searches. Unfortunately, the students were
limited to broad procedures such as picturing what was happening, reasoning and

drawing diagrams. Their main strategy was use of analogy i.e. using information
from past tasks that were similar.
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Unfortunately from my perspective, the reason they did not exhibit these other
strategies was because they had never been exposed to this range of strategies in
the classroom. The general strategies modelled by Jack and Susan appeared to be
of little value. For example, Jack never indicated how to go about “projecting
yourself into the situation”. It was as if he assumed that the students knew exactly
what to do or this was a natural skill that just had to be used. At the same timz=
when Jack or Susan were solving the problem tasks or modelling how to solve, they
did not exhibit “stuckness”. At no stage were students shown how to deal with that
type of situation. Jack and Susan would always know what to do and provide the
connections between the novel task and routine procedures. As Jack said “ I
provide them with the understanding”. If they personally used other strategies
when dealing with difficult problem tasks, they did not make them explicit and
share them with the students. (When Susan was not able to solve one of the
difficult problem tasks, her response was to go to a colleague for advice.) It is
suspected that they were able to deal with difficult problem tasks in class because
they were experienced teachers and simply had a much larger store of problem
types and cues to recognise what to do. In all probability, these difficult problem
tasks were well recognised situations. When solving them in class, they were not
modelling problem-solving strategies but rather modelling procedures for routine
problem solving.
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CHAPTER 7

WHY ARE THINGS AS THEY ARE?

7.1 INTRODUCTION

This chapter has as its focus the last two guiding questions of this study i.e. “Why
are things as they are?” and “What role do external factors play?” In the previous
chapter, I have shown that problem tasks are the focus of teaching and learning.
The students encounter large numbers of routine problem tasks but have difficulty
solving those that are novel or non-routine. One of the main reasons was that Jack
and Susan did not model useful strategies to deal with them. Their main
instructional strategy was to explain carefully how to solve the problem task. This
was not very effective, as many students were unable to take advantage of the
instruction and improve their problem solving abilities. In general, the student
results were not as high as could reasonably be expected, given the apparent low
cognitive demand of the problem tasks and the extensive practice they had.

My focus in this chapter moves from the description of the activities, to finding out
why the school science is organised in the manner described. First, I will assert
that there was a mismatch between the various participants’ understanding of the
purpose and role of problem tasks in the teaching and learning of science. These
understandings were not shared, or communicated among the participants
resulting in tensions within the didactical contract. Secondly, teaching and
learning was taking place within a restrictive system dominated by a syllabus,
time constraints and examinations. This restrictive system constrained what was
taught and how it was taught. In addition, it was the main source of motivation for -
the classroom activities and for students’ involvement in them. Lastly, the teachers
and students had an uncritical belief in teacher explanation as an efficacious
instructional method for teaching and learning how to solve problem tasks.

7.2 MULTIPLE PERSPECTIVES ON THE ROLE OF PROBLEM TASKS

Assertion 4:  In the short term, the participants saw the solving of the
problem tasks as preparation for the matric examination.
In the long term, the participants had different views of the
intrinsic value of the problem tasks. The teachers saw the
primary role as promoting general thinking skills, the
external participants saw it as developing or assessing
conceptual understanding but the students saw little or no
intrinsic value.

7.2.1  Introduction

One of the questions that this study was attempting to answer was why problem
tasks are used in the teaching and learning of science. It would seem to make most
sense if the participants had an agreed role for problem tasks. If students
misinterpreted the teachers’ intentions, tensions could occur within the teaching-
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learning situation. A situation could exist where a student was concentrating on
getting the correct answer to a problem task while the teacher was more concerned
that she was making sense of the underlying scientific concepts or problem solving
process. This could result in an ineffective educative experience and frustration for
both participants.

In Chapter Two, a number of possible reasons were suggested for the use of
problem tasks in the teaching of physical science. For example, problem tasks could
be seen as vehicles or tools for developing conceptual understanding within the
subject domain. In that case, we would expect problem tasks with structured
questions that have an emphasis on qualitative aspects of phenomena, which
encouraged discussion. An alternative could be that problem tasks are seen as
inherent to science, and are present to be learned for their own sake because
educators see value in students being able to do these types of problem. In this
case, teachers would provide practice on these problem tasks in the classroom and
their presence in tests would be to evaluate if the students could do these useful
problem tasks. In trying to uncover why instruction was based on these tasks in
Jack’s and Susan’s classroom, I chose to approach from three different perspectives.
First, I considered the teachers’ perception, followed by the students’ perception.
Finally, I looked at the situation from an external perspective i.e. concentrating on
those involved in supervising the teaching of science in schools (advisor), setting
the examinations (examiner) and moderating the examinations (moderator).

7.2.2 Jack and Susan

Sub-assertion 4da  Jack and Susan saw the primary role of solving problem tasks
as promoting general thinking and problem-solving skills for use
in students’ lives outside of school. While Susan disagreed, Jack
also saw the solving of problem tasks as playing a role in
developing conceptual understanding.

It was obvious from the first interviews that both Jack and Susan had previously
not given the matter much thought. They were operating within a system in which
traditionally students were given problem tasks to solve and they were continuing
this practice. In fact on one occasion Jack remarked that the questions I was
asking in the interview were difficult and were questions, he should have thought
about 25 years previously. However, given the context within which they were
operating, it was obvious that the problem tasks were used in instruction as part of
the preparation for the examinations. Both Jack and Susan referred on many
occasions, both implicitly and explicitly, to the role of solving problem tasks as
preparation for the examinations. For example, when I probed the role of problem
tasks in teaching during interviews with Susan, the role of preparation for the
examination inevitably surfaced at some stage. In the following excerpt, I was
probing the role in the teaching and learning of physics as opposed to a more
general role she had given earlier in the interview:

You know, the problem is that by the time you get to matric, its sort of the
matric exam orientated. So, it’s as many problems as you can, as many
different types of problems as you can, as quickly as you can. So, I don't know
how much problem solving really goes on. It’s more rote, sort of. There is
problem solving because you try and give them as many varied questions as
possible, so they do have sort of problems to solve, but its all along the basis of
the same lines. (Susan, interview, 23/03)
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Both teachers emphasised this as the immediate or short-term role of solving the
problem tasks. This emphasis is discussed in more detail in section 7.3.4.

Other than preparing the students for the examinations, Jack saw the problem
tasks as serving two functions. First, he saw problem tasks as tools for
understanding the science and developing conceptual understanding. While he
never explicitly stated this while teaching, he did mention it in interviews. The
following is one instance were he mentioned this in answer to the question of why

he set problem tasks:

So , so why do I set problems? .......... It's applying a law that we've actually
discussed. .. and hopefully giving them a greater understanding of what the
law is all about. ... so, by doing the problems they are getting a better
understanding of the law. Right. ..... ..... ... If we deal with Newton’s Universal
Law of Gravitation, it's a straight statement, which can be converted by a
constant and MKS units into a mathematical expression. .... .... Now, as far as
that is concerned, it's all very interesting to know that .. masses attract
masses because it has mass and the inverse relationship and the direct
relationship in terms of masses. But, in fact, unless you actually apply it, it
has merely an academic interest. .....

So, so why do I set problems? .... .... .. It's applying a law that has been
actually discussed. .. and hopefully giving them a greater understanding of
what the law is all about (Jack, interview, 18/03)

Explicit in his comment was his belief that by doing the problem tasks the students
would get a better understanding of the principles involved. The problem tasks
were the means through which the theoretical principles could be applied,
discussed and understood. However, as indicated by the following comment in the
same interview, he did not seem to be totally convinced of this. I asked him if
students were getting a better understanding of the law by doing problem tasks.
He did not respond immediately obviously thinking carefully. He then said:

....... Difficult, that...................., T would say, possibly ......... it's giving them
a greater familiarity .. with the law,....... It's a means of exposing them,.. to the
law.......... , I suppose in a way, this is what setting problems and Newton's

first, universal law of gravitation is, is that you become more and more
familiar with it and hopefully that with the greater familiarity there will be a
greater understanding. (Jack, interview, 18/03)

Despite his many years of experience, he appears to be only hopeful that solving
problem tasks leads to understanding rather than certain. Perhaps the doubt arose
because this was the first time his practices were challenged and he had not
thought carefully about the matter before.

Secondly, Jack saw problem tasks as tools for promoting problem solving which he
equated with “thinking broadly”. He did not limit this role to scientific thinking but
rather saw it in a broader context of developing “thinking” for general life
problems. Two excerpts from interviews are given as evidence of this role. Both
were responses to questions I asked about the role of the problem tasks:

They require certain basic factual skills,..., a knowledge of certain facts,
scientific facts in order to move from matric to first year fairly easily, and of
course to get back to the old bugbear,....umm...., problem solving, the ability to
think broadly. (Jack, interview, 18/03)

Hopefully, somewhere along the way we succeed in teaching them to think.
And somewhere along the line they pick up a little science on the way. Does
that sound terrible? (Jack, interview, 24/05)
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Implicit within the second quote was the view that conceptual understanding of the
content was secondary to promotion of thinking skills.

Added to this was an impression I obtained that he was ambivalent about the
value of the actual problem situations. When asked about the relevance of a
variety of the problem situations, such as pulleys, his response was positive:

It gives some relevance to everything you do outside, in the same way that the
study of biology.... just gives another .... a wider perspective to ... .. to what
you do and what you see everyday in life. (Jack, interview, 18/03 )

Yet later, when I asked about the relevance of a gravitational problem task he had
been working on in class, he replied:

Does Newton's universal law of gravitation in any way assist them once they
leave here at the end of Matric and go out into the outside world? The answer
is no, unless they are going to follow a pure physics course. (Jack,
interview,18/03)

From Susan’s perspective, the problem solving was useful in the development of
general problem-solving methods for use in all aspects of life. The following excerpt
illustrates this view. When asked why she gave students problem tasks to solve,
she replied:

So that they learn the technique of problem solving. A method, well, not a
method but various methods because different problems are solved in different
ways and I don't think, I think, I hope that by teaching them the methods that
we learn here is actually carried over into their, the rest of their lives, so that
if they do come across a problem they have methods to draw on to try and
solve their problems. (Susan, interview, 23/03)

Susan emphasised this view in her interviews and on one occasion illustrated her
view by providing an example of using problem-solving methods when going on a
camping trip:

It helps them, hopefully, with being able to solve problems other than just

Science problems. By looking at ....that's why I try and write down, what have

we got. I mean you can solve any problem like that, what have you got? What

are you looking for? How are you going to get there? Camping trip. What

have I got for the camping trip? What do I need for the camping trip? Okay,

how am I going to get...I don't have a tent, how am I going to get a tent, where

am I going to get it from? So you're sort of using a similar method of problem

solving in your classroom, which you can use, or in your Science calculations

as you can use when you get sort of interesting things like going camping. .

(Susan, interview, 28/01)

For her the long-term value of teaching the students to solve problem tasks was
that the same approach could be used to solve other more “Interesting” probleins

relating to everyday life.

I pursued this matter and asked if the ability to do problem tasks pointed to an
understanding of the related concepts. Susan indicated that she was not convinced
that the use of problem tasks led to conceptual understanding nor were the
problem tasks even seen to be related to real life situations:

Not at all. IfI can do the problems then I've understood how to do problems,
how to solve mathematical problems. I don't think it leads to understanding,
and I think they should try as far as,........ I can see that by the way we say to
them “Well imagine what is happening. Is this possible in real life?” And they



121

sort of think, well, they hadn't thought of that. They don't sort of associate, as
far as the kids are concerned, those numbers they fit into that equation, that
problem and that's it. They don't even associate that problem with reality. It’s
something you do in the science classroom, it’s not linked to the wider world
around us. We've got to try and get them all the time to think “now, does that
happen in real life?” (Susan, interview, 23/03)

In addition, she was not convinced of the value of the science content associated
with the tasks as she explicitly told me that “the actual content that they learn, I
don't think is very valuable”. It appeared that for her problem solving in science
had the short-term role of preparation for the examinations and the long-term role
- of developing general problem-solving methods for use in contexts outside of school.

7.2.3  Students

Sub-assertion 4b: The students saw the primary role of the problem tasks as
preparing them for the matric examination. While most students
saw problem solving playing some role in the development of
conceptual understanding, a significant number saw little value
in the problem tasks. They saw the problem tasks as simply
school work to be completed.

The evidence from fieldnotes, questionnaires and interviews strongly suggests that
different students perceived the role of the problem tasks in different ways.
However, two views were most dominant. First, the majority of the students had
the pragmatic view that the problem tasks played an important role in helping
them pass the matriculation examination. The following comments, representative
of a large number of similar comments extracted from questionnaires given to
students from both classes, provided evidence of an underlying preoccupation and
emphasis on the forthcoming examination. From these and other comments, it was
obvious that the students’ goal was to prepare for the examination and doing the
problem tasks was seen as good preparation:

I think the purpose of this is for me to pass Standard ten and go to university
and never see them again (most of them). Some of them are useful.
(Anonymous )

The purpose of these activities in the short term is to enable us to pass matric
and in the long term I probably won't use it, but I will still have it behind me!
(Frances)

Purpose is to increase ability to solve problems for trials /finals. (Kevin)

Their purpose is to clear the fog off my eyes and help me when I would be
revising for the end of the year. (Thanda)

I obtained further evidence for this view when I probed the reasons for doing large
numbers of problem tasks during student interviews. The following excerpt
represents one of the instances where students saw the value in doing the problem
tasks as preparation for the tests and examinations:

They teach you to notice things. They are common... to questions, so we knew
those odd 120 questions - we noticed similarities and when you get to the exam
or a test, and you get the same type of problem, you know how to deal with it.
It's not just totally new to you. For instance the trolleys with the tension. Once
you've done a couple of those problems, you know how to do it. You gettoa
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test, and you don't have to go in and try to teach yourself during the test. You
know what's expected of you. (Bruce, interview)

The second common view expressed by students emphasised the role of problem
tasks in promoting conceptual understanding. The following excerpts represent two
of many comments indicating that they felt the solving of the problem tasks wzs
the means to understanding the science concepts:

The first thing .... she or he gives you problems to do in order to understand
what you are doing. For example if you say you are doing vectors, she will
give you a problem and then you will understand vectors better, if you have
done them by yourself. (Sbu, interview)

Problem solving is a skill, not a “gift from the gods?” In this respect practice
makes perfect. One problem leads on to the next - like a ladder, so problems
actually guide a person towards a better understanding of work covered.
(Kevin, questionnaire)

In an interview, James gave a response to my question about why problem tasks
are given to them, which I considered the most thoughtful and reasoned resporse
from a student. It was obvious to me that the role of the problem tasks was not. self
evident to him and he needed to think carefully about his response to my question:

For what I can see, science is a science. It's investigating natural phenomena
that occur around us, explaining them and trying to classify them into certain
categories. Then if you take a category, just say momentum - because it
springs to mind, pretty arbitrary - you must have .......... people have
witnessed something happening. Two guys running, let's say in a rugby
match. One guy's picking the other guy up and they move at the same speed.
The big guy hit the little guy, and they're both going in the direction of the big
guy. Now, why does it happen? And it's an explanation given to something
that's been witnessed by an observer; it's explained to the best of the ability or
the most widely accepted explanation is taken,; it's given a way of solving
problems - why it happens. You're given the explanation. From that
explanation you derive certain formula that can apply to the explanation and
help to explain the phenomenon. Then re-explain to us the explanations given
to us, to the best of our teacher's ability; it's put across to us so that we can
understand how it works. And then the questions, as far as I can understand,
are put to challenge our perception of the problem, so that we can ......... It's
been explained to us - it's quite hard to say this - you're given insight in how to
use information, and the problems are put across to us - and they can be
solved using the information given - to see our understanding of the actual
problem, to see if we can apply what we've learned. (James, interview)

For James, the problem tasks played a role of helping in the understanding of
situations from a scientific perspective and also in testing students’ ability to apply
their understanding to problem situations. Evidence of this role for problem tasks
was reinforced by responses from the structured questionnaire. Students agreed
that the solving of problem tasks uncovered their misunderstandings (Q 14 — 74%)
and built their understanding of science concepts (Q24 —76%). However, only a
minority agreed that solving problem tasks improved their problem-solving skills
for everyday life experiences (Q23 — 33%) or agreed that the problem tasks gave
them skills to solve problems they encountered in life (Q30 — 43%).
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Early on in my observations, I had the feeling that there were a significant number
of students, if not a majority, who treated the problem-solving tasks as so many
school tasks to be completed. It was a feeling that grew on me as the months of my
classroom observation passed and arose in my efforts at trying to understand the
behaviours of the students. They appeared to attribute no intrinsic value to solving
of the problem tasks. The students did not explicitly communicate this view to me
but rather I implicitly deduced it from my classroom observations. Later it was
confirmed by my analysis of comments made by students and teachers. It appeared
that the problem tasks were simply seen as schoolwork that had to be done. In the
short term, they were a means to enable them to pass the examinations but in the
long term, they were of no value in themselves or as a means to an end.

For example, when I asked Jack’s class to respond to a video recording of
themselves, in which they talked and generally “fooled around” when Jack was not
present in the class, many of the students indicated that this was to be expected.
The responses indicated that, for them, it was normal behaviour. Given any
opportunity they would stop doing their problem tasks. Although not a typical
response, the following quote from a student with above average scores,
encapsulates the impression I gained of their attitude:

As it became evident that Mister Jones was not about to show up, I prepared
to and did indulge in a lengthy and loud conversation with my peers, because I
had the chance to do so. That is the only reason. Give us the chance to bugger
around and we will, because, very few people will be motivated to do pointless
'keep-them-busy' exercises. (Marc, questionnaire)

Implicit within this statement is the view that problem tasks were seen as school
work that had to be completed. They had little value in themselves.

Even Susan was aware, and appeared to accept, that the students saw the problem
tasks as simply work to be completed. When I was interviewing her (28/01) and
probed her about a particular student’s experience in the class, I asked:

Int.: Let us come back to Sipho. He takes down the notes and then
you give him the worksheet.. What do you think he thought
when he was given the worksheet?

Susan: Let me do this as quickly as possible so I haven't got
homework, because I've got so much biology homework. I'd
better get this done so I've got time for biology.” I don't know, I
don't know what they're thinking. I've never ever thought
about what they thought. This is school, its work, they've got to
do it, they get it done. Some of them. And Gavin didn't even
think about Science. He was busy worrying about the rugby
match yesterday afternoon.

Further, when students in Susan's class were assigned problem tasks for class and
homework, they would attempt to reduce the number of tasks that they were given
by petitioning Susan. There was no discussion as to the value of the problem tasks.
All that would be discussed was the amount of work or time that was needed to
complete the problem tasks. Moreover, once they had completed a problem
signalled by their answer matching the answer provided, (by the teacher, f,ellow
student or on the worksheet itself), they would move on to the next problem. Once
an answer was obtained, the problem tasks were “discarded” and the next task
attempted. The moment they had completed all the problem tasks, they would do
other work. Their whole attitude expressed by the way they worked in class
supported the view that the problem tasks were seen as work to be completed.
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Frances, a target student in Susan’s class, who I observed closely, exemplified this
prevailing attitude. On many occasions Frances, who sat close to me in the
classroom, would have a magazine or book on her lap the moment she had
completed her assigned problem tasks. However, during the solving of the problem
tasks, she would demonstrate that she had little understanding of the underlying
principles or concepts. For example, she would call out to Susan, “Must I use little
g or big G?”, “To convert milliamps, must I divide by ten to the minus three?” and
“Which equation must I use?” In one case, when doing a problem task involving
gravitational attraction, she had checked the answer supplied at the back of her
textbook. Finding that it was different to her answer, she then manipulated the
numbers provided in the problem statement until the correct answer was obtained.
When I tried to engage her in a discussion about the problem task, because I felt
the answer provided by the textbook was not correct, she was very dismissive
indicating to me an attitude of “the task is complete. I have the right answer. No
need for further discussion”. Despite having a limited understanding of the science
and what appeared as instrumental understanding of the problem tasks, she did
not attempt to use the problem tasks to develop her understanding. She was
interested in “finishing”. She was not the only student who gave me the impression
of operating in this mode.

Added to this, a significant number of students in both classes were dismissive of
the long term role or value of problem tasks. They saw them as a school specific
task, which had no relevance in later life. The following are two typical comments
taken from questionnaires:

I battle to see the value of science in later life, as I do with most subjects, as I
feel that we will never again use the formulae and methods that we have
studied in class and for exams. (James)

As for the homework - it bores the hell out of me. I can't see the point in doing
endless problems if they are all the same. Problem sums and the like are okay
- but simply manipulating the formula is a colossal waste of time. (Phil):

Analysis of the structured questionnaire reinforced this perception. Only about half
the students agreed that learning how to solve problem tasks would be a useful life
skill (Q2 - 54%) or that what they learnt from doing science problem tasks would
assist them in the future (Q32 — 52%). This and other evidence from the fieldnotes,
provide a picture of many students seeing problem tasks as simply school work to
be completed which had no intrinsic value other than helping them prepare for the

examinations.

7.2.4 External participants

Sub-assertion 4¢:  The external participants saw the primary role of the problem
tasks as tools for developing or indicating conceptual
understanding. The examiners also saw problem tasks as tools

to rank students.

In contrast to the other participants, the three external participants, (moderator,
advisor and examiner) all appeared to have firm positive views about the role of
problem tasks in teaching and learning. What came across was that they had .
thought carefully about the matter and had definite views. In my interview with
the subject advisor, he repeated two related ideas. He saw problem tasks as
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vehicles for developing conceptual understanding and saw them as assessment
tools for the specific purpose of determining conceptual understanding. When told
about students concern that the problem situations did not represent real
situations e.g. student comments such as “they are not helpful to me in my life”, he
was very specific in emphasising that the problem tasks were designed for
conceptual understanding:

That's totally true. Our problems are designed to produce conceptual
understanding of situations and not to be real life problems. I mean, motor
cars don't have perfectly elastic collisions, but if we start to introduce the -
problems that you have with the crumple effect, which a decent motor car has
to absorb part of the impact, then we can't do any problems.

(Subject advisor, Interview)

In his opinion, even simple problem situations could be effectively used to develop
conceptual understanding. He felt that there was no need for complicated
mathematics or difficult problem situations:

I think that by looking at the numbers you can do a lot of conceptual things. If
you can keep the mathematics simple and the numbers whole numbers, I
think it can explain concepts more easily than mere words can.

(Subject advisor, Interview)

However, when given in examinations, he saw the problem tasks as a tool for
determining if the students had “insight or simply a recall level of learning”. When
I asked about the role of an examination problem dealing with “pulley problems”,
which was different to those students would have encountered in their class i.e. a
difficult problem task, he replied:

So it was different. Now, if they actually understood what was going on, then
they would have been able to do that problem. If they didn't understand that
the purpose of that ... one of the principles being tested there was that the
mass of the system must remain constant, then they would have left the M out
- the mass of the bob out of the mass of the system. And they would have got a
wrong answer for which we gave, hopefully, less than half marks. So in which
case, despite having done it a hundred times, they didn't understand.

(Subject advisor, Interview) .

His reply indicated a conviction that the success at solving problem tasks was an
indicator of understanding. Consequently, they had a place in examinations as
vehicles for evaluating student understanding. He was very adamant about this
and was upset when a school challenged the value of the examination. They
implied that the examination problem tasks did not assess conceptual
understanding but rather rote learning. He responded by saying:

Maybe it is possible that a kid has been spoon-fed so he does well in the exam
but he doesn't know a hell of a lot. But I don't see how a kid can be highly
educated and have great depth in understanding but can't pass the exam. I
don't see how that is possible. So the guy who says, “My kids are really well
educated, but nobody got higher than a D,” I'll say, “You're talking bull.”
Because I don't think ... I think that the two things are mutually exclusive.
And I don't think that you will get an A on one of our papers on a higher grade
unless you know some Science. (Subject advisor, Interview)

The moderator was very firm in his view that the problem tasks were necessary for
the devglopment of conceptual understanding and therefore were a necessary part
of learning. In order to understand theory there was a need to “ use it, to apply it
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without actually working with it, engaging in application of it”. Further, he had the

following to say:

I use it more as a means to enable myself...... Curiously enough in the sense of
a problem centred approach to teaching,....... it seems that you can best learn
the concepts and ideas and theories by applying them and trying to work,
illustrate them through problems. So as the students engage with the
particular problem the theory is drawn in and the needed parts understood
and so a student can learn through problems. (Moderator, Interview)

While it can be seen that he had similar views to the advisor, specifically about the
use of problem tasks for developing conceptual understanding, he also emphasised

the development of problem solving skills. When I asked if problem tasks were a

means to something or an end in themselves, he replied:

I think they are both. Obviously as an end, problem solving in itself is part of
what science is about. And the ability to, it's an, it's an active process. It's an
important process which we hope to develop in people...... So yes , it's an end
in itself. (Moderator, Interview)

The moderator made two further points. First, he was not convinced that the

routine problem tasks encountered in class, or the problem tasks in the textbook

were able to achieve the goals he saw for problem tasks:

My feeling with ordinary textbook problems is they have two limitations. One
is they are mainly very often, exercises, calculational exercises. So they only
require a limited range of cognitive demand. So both as an end they are
limited because they only develop a certain. part of problem solving, the more
procedural part. As a means they are very limited because they don't
illustrate the conceptual understanding that require students to go through
qualitative reasoning and various representations and relate them and
understand the physical situation. So they fall short for both purposes.
(Moderator, Interview)

Secondly, he was adamant that the problem tasks were not useful in themselves

but were rather a means of achieving other goals. In this excerpt, he indicates that

the problem tasks are a means of guiding students through a learning process:

Ok, the problem is that the, if a particular exercises or problems chosen then
come to have a kind of life, if it's viewed as if in fact somebody has an
important skill to be able to calculate whether this thing will move, in an
unusual situation of a block on a plane or something. And of course that's
unfortunate because I don't believe I've ever had to calculate that in my
scientific career. And nor ever will I need to. So the idea that this, the
solution of this particular problem is of great interest is, 1s mistaken. The
problem is there in order to guide people through a learning process, in
general a simplified situation that principles can be applied to in an
apprenticeship kind of way. And that's it's real function here. Here it's
definitely a means to an end. No, that particular problem is not an end in
itself. Nobody wants to know that. (Moderator, Interview)
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He saw one of the consequences of using routine problem tasks was that they could
be solved without much higher cognitive activity: ’

If you have a problem of a familiar kind, people can recognise it, will know
what principles to put down, will be able to write it out algebraically,
substitute in the numbers. They have learnt the procedure for a prototypical
problem. And now, more routine exam questions encourage that. Soit's quite
possible to get the numerical answers without the conceptual understanding.

* Only if it's of a familiar kind. (Moderator, Interview)

Although he expressed this negative attitude toward the routine problem tasks, he
felt that students would have developed some skills if they could do these problem
tasks:

You certainly need to know algebraic manipulation and substitutioning and
choice of ... selection of the appropriate formulas for the situation,
understanding of ... identification of the variables, insertion into equations
and solution that's the obvious thing which is very common. I call that
quantitative exercises. Mostly of problems of the familiar variety. So those,
those kinds of skills are very well developed in students because of the
common occurrence of those types of problems. (Moderator, Interview)

The evidence from the examination meetings and the marking of scripts strongly
suggests that the examiners saw two specific roles for problem tasks. First, the
tasks were a means of revealing students’ conceptual understanding. While there
were no explicit statements made to this effect, a number of comments indicated
this, such as the following during the meeting to review the previous year’s
examination paper:

And I regard this as one of the 10% of really difficult questions in the paper,
and the kids who did that, they really know what's going on in an electric
circuit. I think that was a tough question. This is what I call a problem. If you
know what to do - you're doing an exercise. I think most kids saw that and
didn't know what to do when they started. Those that worked it out had solved
a problem. Many of the other things are just plug-in exercises.

(Examiner, exam meeting)

Implicit in this comment is the idea that the more difficult problem tasks played
the role of revealing understanding but the routine ones did not.

The subject advisor, who played a role in the setting of the examination, supplied
added evidence of this view. The following comment made at the same meeting,
illustrates that he saw the difficult tasks as indicators that the student knew
“what was going on”:

I don't think - sometimes the university people say kids can only do rote
learning. Now, while I'm in favour of a certain amount of rote learning -
particularly in chemistry there are certain things you must know - I don't
believe you can do this problem if you've rote-learned how to do pH. You've
actually got to have a pretty good idea of what's going on before you can do
this. And when your kids get good marks, I reckon you have every reason to be
very proud that you've taught them something more than just rote-learned
facts, because I reckon there's no parrot in the land that can score an A on the
Higher Grade paper. The kid who gets an A knows some science.

(Advisor, exam meeting)

Secondly, the examiner saw the role of the examination problem tasks as a means
to rank the students. This idea is encapsulated within the following excerpts. The
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exa.miner was speaking to the teachers about allocation of part marks for solutions,
which were not exactly according to the examiner’s model answer:

What we're trying to do in the exam - we're a norm-referenced exam. If you're
in the top 8% you get an A, irrespective of what you scored on the paper, and if
you're in the bottom 12% you fail Higher Grade, no matter that you actually
got 45% on the paper. So it is important that we get kids in the right rank
order, so that those who are in the bottom 12% deserve to be there. So when
we mark, we try to give the kid who knows more than nothing more than zero.
But at the same time, the kids who knows less than everything on the

question must get less than full marks. (Examiner, exam meeting)

He then indicated that in order to achieve this he sets tasks of different difficulty:

I am required to set questions on the entire syllabus. I am required to set
questions that are difficult, medium and easy. So some of the questions there
are difficult. They, ladies and gentlemen, were meant to be difficult. I expected
them to be difficult. I expected only the top 20-odd per cent to have a
reasonable chance of getting them. Ten per cent of the remainder would have
got them on a one in four chance. But if the questions are difficult, they are
designed to be difficult. (Examiner, exam meeting)

Taken together this explicitly indicates that the examination problem tasks, in
particular the difficult tasks, were the means by which the examiners sorted the
students.

7.2.5 Commentary

The evidence provided is consistent with a picture of problem tasks serving a
number of different roles for the different participants. As this range of views held
are very similar to those reported in the literature (see Section 2.3 p.12) it can be
taken as given that problem tasks can serve more than one role. It was, therefore
to be anticipated that this study would find some participants holding multiple
views of the role. Although the assertions were not unexpected, a number of
aspects of the findings are problematic and raise issues for discussion.

Reflection: The teachers who were responsible for implementing the published
curriculum and organising the educative experiences of the students, showed little
evidence of reflection on why they were doing what they were doing. From
interviews with Jack and Susan, it was obvious that they had not previously given
much thought to why they used problem tasks and they did not have firm opinions
but rather tentative ideas. This was typified by Jack’s response when I began to
probe deeply: “What's interesting about it is, is that you're asking me questions ...
that I perhaps I should have asked myself 25 years ago. However, don't let’s get
onto a philosophical discussion on that.” (Jack, Interview, 18/03).

Problem solving skills: Unexpectedly, only the teachers and the moderator saw the
problem tasks playing a role in developing problem solving skills. The students did
not see this as a significant role. None of Jack's students mentioned the role of
problem solving to be “developing thinking” as he had suggested. The only evidence
of Susan's students holding a view similar to hers of developing “logical abilities”
was a remark from a target student, Kevin, during an interview in which he
mentioned that he got the impression that “the problems help your logical
abilities”. I expected that the teachers’ views would be made known to the students
and at least some students would adopt their views. However, it remains of
concern that both teachers emphasised this role yet students were either unavware
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or not convinced. The question arises as to whether the teachers are being
prevented from emphasising something, which they see as valuable or their
strategies were so weak that students did not see them as worth adopting.

Conceptual development: There was a common belief that problem tasks played
some role in developing conceptual understanding of principles, laws and general
subject matter. However, neither teacher gave the impression that they were
totally convinced. Their views are supported by some authors who are not
convinced of the efficacy of problem tasks in developing understanding (see p.18.).
Unfortunately, whether this belief is an educationally sound one is open to debate
because we do not have a good research base to argue one way or the other. This
area is recognised as a weakness in current research which focuses more on
student knowledge or the problem-solving process rather than on the effect of
problem solving on knowledge development (Huffman, 1995). What we do know is
that the development of conceptual knowledge is explicitly mentioned as a primary
focus in the syllabus documents. Given the manner in which the problem tasks
were used in instruction, it is unlikely that they contributed toward the
development of the desired concepts. What is more likely is that the role of
preparation for examinations took precedence and the syllabus focus was
underplayed.

Assessment tools: Those directly involved in the examination system were
convinced that the problem tasks acted as assessment tools. This could be criticised
as for example Chi (1989 p.148) reported that the observation of how students
solve similar problem tasks to those previously encountered is the weakest method
to detect understanding as they can be solved by syntactic mapping of the example
procedure to the so-called problem. However, from the evidence, I was confident
that the examiners were not referring to problem tasks in the examinations that
were routine in nature and could be solved by reference to similar problem tasks
previously done. According to the examiners, it was the maverick type problem
tasks that could not be solved without drawing in the principles and concepts.
Examination of these difficult problem tasks showed that they required higher
cognitive thinking and could not be answered only through recall of previous
procedures. Consequently, this view appears to be legitimate. However, the
examiners do not make it clear exactly what role the routine problem tasks play in
teaching, learning and evaluation.

Didactical contract: If the assumption can be made that a clearly understood
didactical contract must be in place for effective teaching and learning, then a
problem exists in the classrooms described in this study. The evidence suggests
that the students saw the role of solving the routine problem tasks primarily as
preparation for the examination. They had a belief that the routine problem tasks
would help them develop some understanding of the science concepts but this was
essentially useful for the solving of subsequent problem tasks. The ultimate goal
was to solve these types of problem task, not learning science. They were seen as
school tasks that had to be completed but which had little relevance for their future
lives. Similar results have been suggested in other studies (Gabel & Bunce, 1994;
Sweller, 1989). In contrast, their teachers felt the main value was in developing ,
thinking skills or logical thinking. They saw this as being a useful skill in the
students’ lives both in the present and in the future. As far as the development of
conceptual understanding was concerned, this was secondary and in the case of
Susan not considered likely. At the same time, the examiners were setting
examination papers containing a number of more difficult problem tasks, the
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successful solving of which they believed would act as indicators of the students’
understanding of the science. In addition, they included many routine problem
tasks that could be solved by recall of previous examples for reasons that were not
clear.

The above description indicates that when it came to the role of problem tasks
there were definite tensions in the contract. The only agreement was that they
needed to be done in preparation for the examinations. There was no shared vision
of the problem tasks contributing to their understanding of science or developing
useful problem-solving skills. Rather it led to negative views of school science and
problem solving, views which were expressed by many students:

I learn “off-by-heart” how to solve problems, as all we have to do is apply the
methods and formulae. This is because I feel there is no reason to have to
know about concentration/time graphs or how to work out the ending velocity
after a collision. It has totally nothing to do with our daily lives. Why would I
want to work out how much energy was left after a collision in a Pendulum.
But it is interesting how it works. I feel less emphasis should be placed on
mathematical problems and more on understanding concepts which affect us
in our daily lives, so that we may be able to use these concepts to our
advantage. (Tony)

7.3 A RESTRICTING SYSTEM

Assertion 5: The teachers and students are operating within a tightly
: bounded system in which the syllabus, time pressure and
the senior certificate examination act as boundary
constraints.

7.3.1 Introduction

Science teaching takes place in a complex environment of inter-linked influencing
forces. Some of these forces are immediate and obvious while others are remote or
operate at different levels and the links to the teaching and learning environment
are not apparent. A number of studies have looked at these influences and reported
that there is a complex cause-effect relationship between these forces and teacher
actions. They report that some of these forces emanate from within the educational
system while others arise outside the educational system. Among them are some
that are beyond the control or influence of the teacher (Gallard Martinez, 1990
pl63; Tobin, 1987; Wood, 1988). oo

The assumption made in this study was that what we see happening in a
classroom is linked to a number of influencing forces. Collectively these forces
influence the participants’ beliefs about science teaching and learning and have a
powerful influence on the shaping of the implemented curriculum. Consequently,
recognising and identifying the forces that have a direct bearing on classroom
activities are important tasks when studying and trying to understand that
system. Some of these are internal such as the teacher subject matter knowledge
or classroom resources. Others are external, such as school policies and community
values. Although I did not discount the importance of those forces, which could be
considered to lie outside the educational system, what I considered here were those
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forces that arose from within the educational system but were external to the
classroom and were essentially beyond the control of the participants. I found that
when coming into the classroom both teacher and students entered an environment
in which their learning activities and topics were constrained. Three influencing
forces, being the final examinations, the syllabus and time, were recognised as
obvious constraints on classroom interactions. It was within this framework that I
attempted to understand why things were organised in the way they were. In the
following sections, I provide a description of these forces and show how they
influenced the implemented curriculum.

7.3.2  The Syllabus

Sub-assertion 5a: The published syllabus determined the discipline specific content
topics and the breadth and level to which they were taught and
studied.

One of the constraints or “boundary forces” recognised was the education
department syllabus (NED, 1987). It determined what was to be learned and in
this way constrained the implemented curriculum. Its influence was pervasive. The
following segment from a lesson represents one of many instances in which Susan
indicates which topics of work will be dealt with. Susan was handing out pages of
typed notes to the students and explaining the order in which to place them in
their notebooks:

Mrs. Smith:  It's just a bit of background information relating to equations of
motion ....tips and that sort of thing... And then you put the
acceleration due to gravity- we have done all this sort of thing
already- acceleration due to gravity, free fall, terminal velocity
and projectiles, OK? Standard grade do not need to know
projectile section. Right. Standard grade can cross out the
projectile section if they wish.....Then we go onto first page of
Newton's laws of motion and define a force, and then we look at
Newton's first law which we have looked at already and
(Susan, Lesson, 18/03)

It is very clear from this extract that the syllabus was used as the arbitrator of
what should be learnt and what was to be “crossed out”. Part of the reason for the
many explicit references to the syllabus in Susan’s class was because the class
contained students from both grades and parts of the syllabus were different.
However, even in Jack’s class where all students were doing the same higher grade
syllabus, Jack would also refer to its contents on occasion. For example, when I
asked Jack why he did not set problem tasks that were more relevant to the
students everyday lives, his answer showed that he was very aware of the syllabus
constraints and they influenced his choice of problem task:

I suppose you could move away from that entirely and endeavour to get total
relevance, in terms of household circuits and that sort of thing - I accept that.
... Maybe, I'm locked into the syllabus so much myself that I cannot see
beyond, the traditional type of circuit diagram ... [4 sec] but the syllabus in
fact does not allow all that much lee-way in terms of doing it.

(Jack, Interview 24/05)

Wht.en I asked him why problem tasks were set on the topic of kinematics, his reply
again reinforced the idea that the syllabus was a constraint:
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It is expected, in this section for kids to be able to answer relatively simple
questions, or problems associated with the laws. It's written into the syllabus,
and I suppose, in fact that there could be an approach, where problems of this
nature, and an approach.... .. or a total revamp of the syllabus where, you
don't set problems, but I must admit that I can't comprehend that...

(Jack, Interview 18/03)

The emphasis on the syllabus was not limited to the classroom. When a group of
teachers attended the examination meeting reviewing the previous years
examination paper, the examiner emphasised the value of the syllabus:

There are two other little things that I think you should know. Listening to
visiting teachers in the last couple of weeks, I sometimes think people are
teaching the textbooks, especially new teachers, and they're doing all sorts of
amazing things that are in the textbooks but aren't in the syllabus. And so I
think it's actually quite a good idea to read the syllabus occasionally.
(Examiner, exam meeting)

However, when the teachers interpreted the syllabus in a narrow and literal sense,
the examiners were not happy. Teachers were very quick to complain if problem
tasks were set on topics they considered to be outside the scope of the syllabus but
the examiners felt that a little liberty was acceptable. For example, in the same
meeting, two examination problem tasks were queried by teachers, but in both
cases the examiners defended their decisions and tried to justify their deviation:

We've actually had flack on the Standard Grade for doing this sort of thing,
where we've asked a question that wasn't specifically on the syllabus and
people have moaned. And our exam board agrees that even with Standard
Grade we can expect them to balance two half reactions off the data sheet if we
tell them which two half reactions to take. I think even Standard Grade
should be able to do this kind of thing.(Examiner, exam meeting)

The examiners made a few disparaging comments about teachers who complained
saying they were “splitting a hair” about what's on the syllabus and what is not. In
the following excerpt the examiner is reporting on a problem task that involved
changing acceleration:

Despite the fact that I had this whine, the vast majority of kids got two out of
three (marks) for this, so the kids didn't have a problem with it. It was only
the teacher that had a problem with it. (Examiner, exam meeting)

It was obvious that some teachers had a narrow interpretation of the syllabus and
were not happy with problem tasks that were seen to be outside the narrow
confines of the syllabus statements. However, the examiners felt that some related
problem tasks were acceptable.

Even the students were constantly aware of the influence of the syllabus and
applied pressure on the teacher to remain within the bounds of the syllabus topics.
They would often ask if a topic were in the syllabus. My observations in both
classes indicated that the teachers stuck very closely to the syllabus. However,
Jack would on occasion talk around a topic filling in some historical detail or
attempt to relate the task or concepts to everyday experiences that he had. Despite
this, I was not aware of any occasion where he spent a lesson dealing with a
problem task that was not part of the syllabus. However, one of his students did
complain: “Its good that Mr. Jones add some extra knowledge into the subject to
make it more enjoyable but sometimes too much and the syllabus is rushed at the
end of the term.”



133

7.8.3 _ Time and organisation of periods

Sub-assertion 5b: Time was a constraint that influenced the pace of coverage of
syllabus topics and the instructional activities that were
planned.

Two main consequences were evident because of the time pressure. First, activities
were carried out within an environment in which time was considered to be in
short supply. The participants viewed time as a constraint. This was essentially
because of the need to cover all the topics in the syllabus before the year end
examinations. Added to this, there was a need to work at the same pace as the
other classes in the school so that common control tests could be held. Both Susan
and Jack were very aware of the limited amount of time available to complete the
syllabus topics. This was particularly noticeable from examining the many
comments recorded in the fieldnotes such as “we are behind” and “we must move
on” made by both Susan and Jack to their classes. This sense of trying to cover
topics within certain time limits is implicit in the following excerpt from an
interview with Jack. The other classes had completed a section of work that was to
be examined in the June examination. Jack had planned to give his class a second
test on a previous section but now cancelled it. When I queried this, he replied:

No, I broke the good news to them yesterday. I am too far behind. It would be
useful but I have to get ahead. And also as far as the exam is concerned, for
everyone else it includes reaction rates and equilibria. They know this. But I
at least want to be through with reaction rates. In fact, it is a relatively small
section. Relatively quick section to do. There isn't much to it.

(Jack, interview, 02/06)

This need to cover the topics at the same rate as the other classes was present in
both schools. While Jack was always behind the other classes in his school, as soon
as Susan discovered she was “falling behind” she would increase the rate at which
she covered topics. In the following excerpt from an interview, I asked her if she

was concerned about having to cover a section, which should have been completed
the previous year:

Susan: Not yet. Its early days, not yet no. You know there are other
sections which you can actually go through quite quickly. I
mean electrochemical cells you can do in a double period quite,
quite easily. Or we can spend two or three lessons doing it very
slowly. So I feel I'll be able to make up along the line anyway so
I'm not too worried.

Int.: So when do you hope to finish?

Susan: What's today? Thursday, I'll do a few more equations of
motion, projectile motion on Monday. And more up and down
motion, then we'll go on to Newton's Laws probably on....
Wednesday I have a test, probably next Thursday we'll go for
Newton's Laws. And that section, once they've done this
section they can master that section. Newton's laws usually
goes pretty quickly anyway.

(Susan, Interview 23/02)

In both excerpts, Jack and Susan refer to topics in terms of how quickly they can
be covered. This sense of limited time to do the work required and cover the
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syllabus topics was always present in the classes creating a time-pressurised
environment. :

For some, this time pressure resulted in tension within the classroom environraent
as evidence by this remark by Frances:

At the moment. Ok this is what I feel. I feel that matric there is so much
pressure and the reason why there is pressure is because there is so much
work. And the teachers are feeling the pressure because they've got to get the
work done in a short amount of time. And then everyone gets upset because I
mean obviously if there is pressure everyone gets upset you know.

(Frances, interview)

For others, evidenced by the comment from Kevin, the time pressure meant that
they had to move on to new sections leaving behind parts of the previous topic
which they had not fully understood:

There's always some problem that I have with say, just the section of tension,
and I know that if it's asked in a test, if I can't get it right in the worksheet, 1
won’t be able to get it right in the test. So I try and work through that as well.
But you don't always get enough time to go through all the problems that you
don't understand. And the teacher always asks the problems that you don't
understand. (Kevin, interview)

The second area that time exerted pressure on was the choice of instructional
activities. In general, the lack of time constrained the choice, resulting in some
beneficial educative activities not being planned because of a fear of falling behind
or because of a need to reduce time spent on a topic and in that way catch up.
Consequently, the range of educative activities was curtailed. In the two excerpts
below, Susan explains why she has not done some practical work with her students
and why she does not allow them to construct their own notes, two activities which
she acknowledged as having educative value:

I doubt whether it would have been anything that they couldn't learn, but it is
better if they do see it, then they do tend to remember it better. But I just find
with practicals it actually takes up so much of lesson time, and preparation
time, at the moment I just actually don't have it. (Susan, interview 28/01)

I have tried to encourage them, for like, for example especially my Standard
Nines, I often teach a section and get them to make their own notes. But I
also find that very time consuming because that sort of notes, you have to
check to make sure that they've understood you correctly. And...... I honestly
don't have the time, so its actually easier, time wise, for me to make the notes
and hand them out. (Susan, interview 28/01)

In both cases, Susan uses a lack of time as a reason for not doing the activities.
During the same interview, we were discussing students’ mistakes in a test and
the fact that they seemed to repeat the same mistakes:

The ideal situation would be to actually be able to sit with each child and go
through each example with them, especially in tests and things like that, but
we just don't have the time for things like that. (Susan, interview 28/01)

It is obvious that as a consequence of time pressure, she is not doing what she
considers to be in the best interests of the students.

Even questions or explanations, interesting to both students and teacher, were
often not followed up due to the pressure of time. This was most evident if student
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questions, asking for clarification, started to take more time than normal or began
to move toward a topic, which would not be expected in the examination. Susan
often dealt with this by telling students not to get “technical” when they started to
probe her explanations asking for detail. Alternatively, she would stop discussion
with the announcement that they would not get a question like that in the
examination. In virtually all cases, the students would accept this and the lesson
would continue.

Jack on the other hand was more flexible and often allowed discussion to continue
but would label it as “not for examination purposes” or just for interest. However,
he had his limits and would sometimes terminate a discussion abruptly if he
determined that the discussion was getting too involved. This is exemplified in the
following extract from a lesson in which Jack was explaining how to solve a
“pulley”’problem task involving a block accelerated by a falling object attached to it.
He had spent the previous ten minutes explaining how to do it. Some students had
become interested, as evidenced by the number of questions they had been asking
about the problem situation resulting in a longer than normal time being spent on
the problem. However, the discussion ended abruptly:

Shaun “Sir ? Is that moving along a frictionless surface?”
[refers to block on table]

MrdJd. “In this instance, yes”
[about to further comment but hesitates].

No. I want to get off this one now......A point that is interesting
-and because it is interesting I will mention it, but please I
don’t want to go on further- but if this were not a frictionless
surface and there was friction, a point would be reached, where
in fact it would have a negative acceleration. Because once that
force became equal to the force of friction, acceleration would
be zero and once - as it got closer it was less than the force of
friction, then it would have negative acceleration”.

[Shaun puts hand up and Jack shouts]
Mr J.: “No!”

Shaun “No, Sir, its a quite interesting question. Would it reach a point
somewhere along its journey, where the upward force on it
would actually reduce the friction?”

Mr J.: [interjects]

“Oh! Oh!... OK, OK! Very good point but- No further on that! -
one nice idea.”
(Jack, lesson transcript, 03/02)

Despite the potential to explore an area which seemed to interest the students he
closes the discussion, essentially because he does not have the time to spend on
that topic. As he admitted to me later, as the year progressed he became more

focused saying “I diverge a hell of a lot in standard nine when I have got the time,
but I don't do it in matric.”

7.3.4 Exémination system

Sub-assertion 5c:  The senior certificate examination (matric) exerted a powerful
focuszng influence on the classroom environment, the
instructional activities and on the problem tasks chosen.



136

Evidence from a number of sources emphasised the powerful influence the senior
certificate examination had on the implemented curriculum. Together with the
syllabus and the limited amount of time, they created a system within which the
teaching of physical science was both focused and constrained. Both teachers saw
themselves caught up in the system over which they felt they had little control.
This is best illustrated by comments made by Jack:

We are slotted into an examination system and my express purpose, becomes
more and more apparent later on, is exam orientation ........ and we are stuck
with the system, you are in it - and you have to do the best for the kids.
(Jack, interview, 24/05)

On various other occasions, he referred to this system saying they were “locked
into”, or “strapped into” an examination system. I got the sense of Jack seeing the
system similar to a journey which is taking place toward a destination which you
have no choice, much like “slot racing cars on a track” or “a roller coaster ride”.
Susan was just as direct indicating that all work was directed towards the
examination:

The aim is that they can become proficient in this sort of a question and that
hopefully if they get something on a similar line that's slightly different that
they interpret it and answer the questions successfully, in the exam. Basically,
that's what you're all really actually working towards.

(Susan, interview, 04/02)

This constraining examination system can be described best by referring to some of
its characteristics all of which help in understanding why it had such a focusing
effect on the classroom environment and the instructional practices. In the
following sections, I describe each of four characteristics.

Control

The system was considered to be under the control and authority of a group of
people referred to as “they”. There was constant reference by both students and
teachers to these people in control of the system as “they”. A number of activities
were attributed to them, such as setting the instructional problem tasks, the
examinations and the syllabus. Take for example the following excerpts, the first
from a lesson in which Susan was introducing the topic of equations of motion and
the second from a student talking about doing problem tasks from the worksheets.
In both cases, it appears that “they” are seen as responsible for creating the ta sks
and determining what information was given and what questions needed to be
answered: '

There are also three things to look for. The three things you are going
to look for, are what they call direct information, which is - they say to
you, an object accelerates at six metres per second. That is direct
information. Information staring you in the face. ... Then they give you
indirect information. ...For example, they will say to you, an object
starts from rest. What does it mean when an object starts from rest -
What are they actually telling you? (Susan, lesson 02/02)

What I do in science from day to day, is come into the classroom, and try to
absorb as much information as humanly possible, very much like a sponge. I
then go home and see if I can make head or tail of what went on. 1 enjoy
questions which require thought, but they mustn't try and confuse the
question using “fancy” language or unrealistic circumstances.

(Anonymous, questionnaire)
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In other situations it was obvious that the “they” referred to the examiners while
on other occasions “they” seemed to refer to those that determined what was to be
learned in science i.e. the syllabus authors:

If you go into the exam and you get an A, you've done exactly what they've
asked because the exam would have been based on exactly what you've been
doing. If you, I think ... if a person can understand everything about science
and what they're taught ... I don't think science is particularly hard, but if you
try and understand it and, you know, what is taught to you, then you are
fulfilling the expectations of what you're supposed to be doing

(Interview, Tom)

The evidence from the above comments is consistent with the belief that “they” are
responsible for setting the tasks and “they” have certain expectations of the
students. One of the interesting consequences of these expectations was that the
students were convinced that the teachers were sometimes acting in concert with
this external authority, “they”, to trick students by giving problem tasks which
were not as straight forward as those presented in class. Students often
commented on more difficult problem tasks, not as a challenge, but rather as a
“trick” as illustrated by the following student’s comments and those given in
Section 6.3 (p.89):

Well, the way that some - the way the examiners put the questions. They can
try and confuse you or try and trick you. (Zuziwe, questionnaire)

Comments by Susan and Jack while referring to problem tasks, such as “that’s a
sneaky one” and “ I knew that would catch you out” reinforced the idea that the
teachers were conspiring with “they” to produce difficult problem tasks. From my
perspective as observer, this resulted in what appeared to be adversarial
relationship existing between the students and “they”.

What was clearly evident was that even the teachers held the examiners and
others, who constituted the “they”, in high esteem. This was exemplified by a
comment made by the examiner. He was making the point to me that teachers
held examiners in high esteem and were even a little frightened to question them:

We had been marking for some time and at tea some meek sub-examiner
comes to me and says “I think maybe you made a mistake.” It was a standard
grade paper and we had made a mistake. When I asked the others, some had
also picked it up but had said nothing. When I asked “Why did you not say
$0?”.. her whole point was that you are the examiner...you are higher than
God or God’s assistants... You can't possibly be wrong.......Unbelievable!
(Examiner, interview, 11/05)

Overall an impression was created by the students’ and teachers’ language that the
examination system was under the control of some high status, unknown and
faceless others who had particular expectations of students.

High Stakes Stressful Examination

Parent and community expectations were such that the classroom participants saw
the examination as having high stakes. The start of the examinations was always
reported in the local press and commentary made on whether results would be
better or worse than the previous year. The results of all individuals were
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published and schools, which achieved good overall pass rates, were mentioned.
The community had strong expectations that the students would be prepared by
their teachers for this examination. From the student perspective, they required a
certain number of points to gain admittance to some tertiary institutions. The
higher the mark in the examination, the higher the points allocated. Consequently,
success in the matric examination was very important. Jack made a number of
comments about his responsibility to help students obtain these important “points™:

Look, one must always bear in mind, that and this might sound terrible to a
person who thinks broadly in terms of education, whether we like it or not, we
are locked into an examination system. And are likely to be for some time to
come. I owe it to my kids, ... .. in terms of points at university, etc, is to get
them to achieve as high as possible. From now until the end of the year, the
last three terms of this year. I will be matric - blinkered, oriented, because I
owe it to my kids to get them to maximise their symbols. Rightly or wrongly,
that's what I'm going to do. Because if I don't do that, I sell them short. I am
prepared to diverge .., to expand on the syllabus....umm...., in standard nine
and up to this point in standard ten. Because I want to capture them, get them
on my side, etc, etc,.. I want them to think that science is a reasonable subject,
I want them to enjoy the subject etc. But as from the end of the first term, I'm
exam orientated and any teacher who isn't, is selling his kids short.

(Jack, interview,18/03)

In another interview, he gave the impression that he felt other educationists saw
an emphasis on examinations in a negative light. However, he was committed to
helping his students obtain good results, something for which he had a good
reputation among both the students and the local teaching fraternity. For Jack the
examination was of such importance to his students that it would be the focus of
his planning, whether this was seen as right or wrong.

For many students, the examination was so important that they were motivated to
work although they positively disliked science. The following vignette provides
evidence for this view. It involves Eric, who in his first interview explained that he
was not interested in science and saw no relevance in it. I interviewed him again
after he received some particularly poor results for the June examination. He again
admitted that he did not “bother with science” and had not studied for this
examination. However, in the excerpt below, it appeared that he had now resclved
to do more work, for no other reason than he needed a pass on higher grade to
obtain the matric exemption required to get into university:

It's bad [refers to his mark]. But after this exam, I see that I'm going to have
to do some work for the end of the year, just to try and pass it. You see,
because what I thought was, with my matric exemption - because I've already
got two subjects on the Standard Grade, and they said you could fail one. So I
thought if I failed Science, then you could still pass it on Standard Grade if
you get 33 or whatever. And then I could still get my exemption, and then I
asked Mr Andrews and he said no; you're not allowed to fail any subjects. So
now I have to start working because I can't drop to Standard Grade in this
subject, otherwise you have three on standard grade and you can't get an
exemption. I have to do some work. (Eric, interview)

(Students needed to pass a minimum of four of their subjects at the higher grade
level to obtain an exemption, required for entrance to university courses.)

As the matric year progressed, the internal school examinations gained in
importance. While the March examinations were only for internal assessment, the
June examination results were often submitted to tertiary institutions to obtain
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conditional entry. Consequently, the June examinations were seen as having high
stakes. I took a video of Jack’s students having their marked examination papers
returned to them. After showing the students the video, I asked for their
comments. A common theme was their acknowledgement of the importance of
these examination marks. The following represent a few of the many written
response received:

Panic - praying about getting any marks. Fear. Stupidity - disappointment.
Your whole future depends on one exam. Stupid. (Burt)

I was extremely nervous on receiving my exam mark. Although everyone
(teachers) says that marks are not everything, to us, the pupils, marks are
extremely important. For these marks ensure bursaries, and whether or not
we get into varsity. Paper two almost killed me!! (Frank)

This is the climax of the term and all that you have achieved / learned / gained
is reflected by this mark. The various actions are therefore ways of relieving
tension / showing disappointment or lack of any interest due to a poor mark or
good one for that matter. (Gary)

The second theme that emerged from students’ responses to the video was that
they found these examinations very stressful. This can also be seen in the extracts
above. I have provide a few more to show the depth and intensity of students
feelings about the examination:

For some the results are good but for others it is a nightmare! For some like
myself there is fear building up within worry and tension. I hate getting exam
results back! (Ken)

Here I was staring blankly at the board, more concerned with my crap results
than with correcting them. I didn't talk much 'cos I was in a bad mood. The
exam is past - why bother correcting it. Here I was struck by the futility of
existence and exams. I experienced a great and profound melancholy. (Marc)

Immense excitement or disappointment when the truth came out about how

well, or badly we did. Feeling of fear passed through the life-blood of my veins.
(Bruce)

A further factor which contributes to the high stakes nature of the examination,
was the status attached to students’ achievements. Among the local teachers, there
was a sense of competition, with teachers being congratulated because of the good
results, specifically the number of “A's” obtained i.e. the number of students who
obtained above 80% in the final examination. This status attached to results was
borne out by comments made by the examiner, both informally and in an open
meeting of teachers, while discussing the examination paper:

I've actually told markers, you are marking teachers now - the pupils will do
within their ability what their teachers did for them. And there's no doubt
about it, that when you are finished marking, you can identify where your
better teachers are and where your not-so-hot teachers are.

(Examiner, exam meeting)

Overall, there is ample evidence that the examinations were seen as having “high
stakes” by all participants.
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Focused the implemented curriculum

Both Jack and Susan provided overwhelming evidence in their classroom practices
and interviews, that the matric examination was the focus of their teaching
programme for the year. Assuming that both teachers saw themselves as having
responsibility to help students pass the examinations, I would expect them to
provide the learning experiences that they felt would be necessary to pass the
examinations. This was seen by the emphasis they gave to two aspects of
instruction. They placed emphasis on giving tests and examination as practice for
the final examination and they focused on examination questions.

Evidence of the pervasive influence of the examinations on the determination of
classroom activities was suggested by the large proportion of curriculum time spent
on testing. This is represented in Table 7-1, which indicates that in both Susan’s
and Jack’s classes over 30% of all available time was spent on writing or reviewing
internal tests and examination. This was consistent across school terms.

Table 7-1  Number of testing sessions per term in each class

Time Topics completed Actual Writing Review
period Periods tests of tests
(35 min)

Susan TERM 1 | Newton’s laws, energy, 60 14 7
Feb.-Apr. | momentum

Jack TERM 1 | Newton’s laws, energy, 57 15 9
Feb.-Apr. | momentum

Jack TERM 2 | electrostatics, current 65 13 17
May-June | electricity, rates of

reaction

Jack made it very clear to me that it was part of his teaching strategy to give many
tests and to go over them in detail. For him they were an important part of the
preparation for the examination. This is indicated in the following excerpt where
he is planning the activities which will take place after the term examination:

After the 22nd I go through the exam with them. We have a week. I have six
days to go through the paper ....and I will spend six days on that paper ....and
depending on what I see in this test and what I see in the exam ....I might test
them again on what they have just been tested on because I always tend to
test them twice on the same material and of course this time I have only had
the opportunity to test them once so I might test them on the second last day
of term .... and go through the test but on the other hand I might not have the
time .... I think I mentioned this to you earlier - that I spend a hell of a lot
more time going through exams that anyone else I know. They are writing a
two hour exam paper, so that means .....four lessons for me .... I see it as a
very, very valuable revision tool as far as the section they are doing at the
moment . (Interview, Jack , 15/03)

Some of the students were not that happy with this emphasis especially the going
over of the questions. For Tom, it appeared that there was more emphasis on the
examinations than on normal learning activities:

It's been useful but it's been a bit laborious as well. I mean... we've had two,
well nearly two weeks of just going through the paper. The paper itself takes
you two hours to do. Oh well overall three and a half hours to do. And you're
going through it for two weeks. You seem to spend more time on the exams
than like learning the actual work that you are going to do before the exams.
Some of the questions you know you will take heed of what they are saying.
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You know because things you may not know or things you may have fallen
short. But, most of the questions, I mean like poor Williams he got 100
percent for the physics paper. And if Mr. Jones is going to sit and discuss the
paper for four days. I mean it, if he knows all the paper he doesn't need to
discuss it. It seems a bit of waste of time you know, for some people.
(Interview, Tom)

This emphasis on writing the examinations in preparation for the matric
examinations was supported by the subject advisor. He encouraged the teachers in
meetings to test their students a number of times and to finish the syllabus early
so that all the work could be tested. He wanted them to practise writing
examination papers:

So I'm perhaps a bit exam-oriented, and I make no apology for it. I believe that
kids should write in March on five terms' work in their Matric year.
Everything they've done in 9 and the new work they've done in 10. Again in
June, on six terms' work. And in trials, on all the work. That way, at least
they revise stuff that they would otherwise forget, because after many years
out of the classroom, I find I do problems slower now than when I was doing
them every day. In other words, practice is absolutely essential. (Advisor,
interview) )

The second aspect was the emphasis on the problem tasks asked in past
examinations. The examination questions over the years had become an important
component of the “implemented curriculum”. As previously indicated by the
moderator, these examination questions seemed to get a life of their own and
teaching was organised around these and similar problem tasks. When I asked
Susan about the type of problem tasks that were used in her teaching, it was
apparent from her answer that the examination questions were very influential in
her planning:

I do use the exam questions to base my teaching on, because that's what
they're sort of aiming for unfortunately. And I don't use as many real life
questions or examples as one should, really, to, to sort of give them a rounded
education. (Susan, interview, 28/01)

There was further evidence in her teaching that the examination was the focus of
classroom tasks. For example, if an aspect of a problem situation was not
considered examinable, it was ignored:

Mrs. Smith:  The resistance of the whole circuit. OK.... This resistance here 6

ohms, that resistance there is 12 ohms, and your effective
resistance is 4 ohms -Yes?

Arthur: Lets say you are given two sets of values -

Mrs. Smith:  [interrupts]
You won't!

Arthur: You won't be using - ?

Mrs. Smith:  [interrupts]
You vyon’t be using two sets of values. They might give you two
cells in parallel. OK?... In which case, if you have two cells in
parallel -what is the situation there? If you are told they are

1.5V batteries - Sorry. Lets rephrase that -1,5V cells put in
parallel to form a battery, what is the effective potential
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difference - EMF of the battery?...
(Susan, Lesson transcript 18/05)

The reason or source of the student’s question is not considered. It seems enough to
dismiss the question because it is not to be part of the expected matric
examination.

There was a great deal of evidence that past examination problem tasks were the
focus of much activity. The subject advisor was aware of this emphasis on
examination problem tasks and accepted that to a certain extent the examination
determined the implemented curriculum of the following year. This is indicated in
the following excerpt, where he was talking about a new problem task that
students had found difficult in the previous examination:

OK. So next year maybe the guy sees that. Now he teaches it. So we've
increased the content knowledge. Instead of it being a problem now, it's simply
recall next time. And hopefully ... in fact, I believe if you look at our exam
papers, it's unbelievably harder now than it was ten years ago, because of the
fact that people extend their kids by whatever is new in this year's exam. So I
think, yes, we are very exam-led. (Advisor, interview)

In addition, students would purchase booklets of examination papers with model
answers and do them in their own time. Both Jack and Susan provided time in
class near the end of the year for students to do past examination papers.
Moreover, during class time, the fieldnotes show many occasions when the teacher
would draw students’ attention to the fact that a particular question appeared in a
past examination paper. The above excerpts yield evidence that the past
examination problem tasks had such high status that they had a profound
influence on the implemented curriculum.

Examination relevance takes priority

As I watched and listened, it became clear to me that examination relevance took
priority over the learning of meaningful science. First, examinations had an
indirect influence on the type of responses asked for by questions. For example,
despite the advisor feeling that qualitative type responses would be valuable in
teaching and learning, they did not use many because they were difficult to mark:

And I think one of the things that we find when we mark is that, as a rule, as
teachers we don't like to set questions where they have to write a description,
because we don't like to judge what it's worth out of 10 if he's written a little
essay. So we don't do it. The examiner tends ... if the examiner did more of it,
the teachers would do more of it, and I think it would be a good thing because
I think kids express themselves poorly when they write Science.

(Advisor, interview)

He implies that if these qualitative responses, which he sees as valuable, were
used in examinations then more teachers would use them in their teaching.
Unfortunately, the analysis of the examination problem tasks shows little
emphasis was placed on qualitative questions.

Secondly, because one of the roles of the final examination is to rank students, the
type of problem tasks asked in examinations and therefore found in class, focus on
this ranking role rather than the role of developing understanding (see Section 7.2.
p.124.) For example, the excerpt below is taken from an interview in which I
questioned Jack about a particular problem task he had set in a test, that had
resulted in a lot of confusion for the students:
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OK Right. I could have structured the question more. I could have lead them
into the correct answer quite happily. I could have said “Right,....umm.... after
collision, what is the velocity of ball A ?. What is the kinetic energy of ball A.?
To what height will ball A rise?” I could have structured it that way and it
then, it was a totally new situation. But it then leads them on in the right
direction. .. ... What it takes away, is that it levels the ground for everybody,
because it's no longer a difficult question. The kid, in fact, who can look at a
problem holistically,....umm...., isn't given the advantage of utilising that skill.
....umm...., So. Yes I could have structured it. It would have made it a simpler,
and more kids would have got it right, but it wouldn't have separated the men
from the boys. (Interview, Jack, 18/03)

It was apparent that the question had essentially served the role of ranking his
students. Because of the importance of the examination type questions, this
practice of using sorting type questions even appeared in class tests and internal
examinations despite the potential confusion it might cause. It appeared that
helping students understand situations took second place to “sorting the men from
the boys”.

Thirdly, relevant activities were seen as those activities which would assist in
obtaining higher marks for the examination. The question of whether it was
meaningful science education was not the priority. The following comment from
Jack during an interview indicates that he taught sections of work which he
recognised as having little relevance to his students’ lives, but were taught because
of examination relevance. The students were solving problem tasks associated with
direct current circuits (DC). I asked how he felt about this topic when he was
aware that the alternating current electricity encountered in the home, was not
similar to these DC circuits:

I accept that ... In other words - the odd job husband who wants to replace the
brushes in a vacuum cleaner or something like that ... Yes, electric motors are
no longer part of the syllabus. And the answer to that is - I discuss a number
of things that are not in the syllabus - but on the other hand if I am going to
discuss the motor effects in an electric motor, that will be a large diverge away
from the syllabus, and come the second term of the matric year, when we deal
with electricity - I diverge very little. I diverge a hell of a lot in standard nine,
when I have got the time but I don’t do it in matric. I don’t believe we are
doing the kids any favours. We are strapped into an examination system and
my express purpose becomes more and more apparent later on ... umm ... is -
exam orientation ... we are stuck with the system, we are in it - and you got to
do the best for the kids. (Jack, interview, 24/05)

Although he sees electric motors to be relevant, he is not prepared to diverge from
his examination orientation. The subject advisor had a similar attitude when the
question of conflict between understanding the principles versus getting results
was discussed. Evidence of this view is provided in the following excerpt:

And whether we like it or not, to say, “My kids were educated but they
couldn't do the exam,” doesn't help the kid a hell of a lot when he doesn't get
into a tertiary institution. I'd far rather a kid actually passed the exam and
the tertiary institution struggles with that he isn't quite as good as his mark
says, but at least he's there. And the other way round, where a guy claims,

“My kids were brilliantly educated but they couldn't pass the exam.” (Advisor,
interview) :

This §tatement yields further evidence that passing the examination was the first
priority and in this case, understanding was secondary.
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What counts as right and wrong.

Value was placed on correct answers and alternative interpretations of situations
that produced different answers were devalued. In addition, answers were expected
to take a particular format otherwise, they were also devalued. There is evidence
that the source of this attitude was the manner in which examination scripts were
marked. Some of the discussions that took place among the examiners during the
marking process were revealing. Before the questions were marked from a model
answer, each of the solutions was discussed and alternatives considered. In one
incident, during the examination marking, the markers, the majority of whom
were very experienced teachers, argued about the answer to a particular problem.
The very act of arguing and discussing the situation indicated to me that it was a
situation, which could be seen from different viewpoints. However, the chief
examiner would only accept one correct explanation and was particularly blunt
about this saying, “If he puts down the wrong answer, you don't read further. No
matter what his explanation is, it's wrong.” Later during his interview, I asked the
advisor about this incident:

Int.: And the problem that I spoke about, where the pendulum, one
where the child obtained the wrong initial answer but gave

what appears to be a very coherent reasoning behind it - do you
think that's possible?

Advisor: I don't see how you can give a coherent explanation, when your
answer's clearly wrong. Like, if you say - in that particular case
- “they reached the ground at the same time” ... your coherent
explanation is clearly wrong when they don't reach the ground
at the same time. It's just not possible for it to be ... It's wrong,
even if it's neatly written. [LAUGHS]. The guy has got a
conceptual problem, then.

This particular attitude appears to indicate that the examiners devalued students
thinking unless it agreed with their “correct” thinking. Answers that matched the
model answer were given the highest status even if there was no indication of the
procedure. This was queried at the examination meeting:

Examiner: I'd like to just say another thing. When we mark, we actually
look at the answer. If the answer's right, it's probably right,
and you just glance at the method. (?....?) just asked me - he got
283 by another method. If we can look at his method and see
that 283 - which is the answer we want - and his method is not
illogical, then it will be full marks. It's as simple as that.

So marking is actually relatively quick. You work backwards
from the answer rather than forwards from the top.

Marker: So if you write the answer and no work?

Examiner: Then you get full marks. You write the wrong answer, you get
zZero.

Marker: But the right answer with no work will get you full marks?

Examiner: Will give you full marks. Yes.

While different solution paths to the correct answer were often accepted, it was
rare to find different interpretations of the problem situation to be acceptable. In
the same meeting, a discussion arose around an electrostatics problem task:
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Two identical polystyrene spheres A and B have masses of 5 x 106 kg each and
carry identical positive charges. They are placed in a narrow vertical glass test
tube with sphere B remaining suspended 50mm above sphere A.

a) Calculate the magnitude of the charge on each sphere.

b) What would happen to sphere B if the test tube was gently tilted so it was
no longer vertical?

¢) If the charge on the spheres gradually leaked away, what would happen to
sphere B during the process? Explain.

The accepted answer for part (c) was that the two charges would move closer
together. However, one of the teachers raised an alternative understanding of the
situation:

Ah, but this is very interesting. See? I had somebody phone up and say they
have a super bright kid at their school, and this kid said you can't leak away
charge from a positively charged body because you can't lose protons or
something, so you have to leak charge onto it by gaining electrons. And I
thought, you know, when we talk about leaking charge away we mean the
positive charge gets smaller. And this very intelligent kids says, “Aykhona.
That's not charge leaking away; that's charge leaking in.” And this child now
will say that because the charge leaks away, it lost its electron and became
more positive and moved further apart. (Exam marking)

General agreement was that the student did not have the accepted understanding
that charge leaking away meant, “charge gets smaller”. However, the student
obviously understood the general principle that is emphasised at school that only
the electrons would move. Despite what could be considered a meaningful
interpretation of the situation, the examiners did not provide marks for this
answer.

Other incidents provided additional evidence that answers had to conform to
specific examination requirements. For example, during the examination meeting,
the question of students writing paragraphs arose. In most cases, where
qualitative questions were asked on the examination, the answer would be
restricted to 5 - 8 lines. The examiner explained that he dealt with the problem of
students writing more than the number of lines requested, by simply crossing the
extra lines out and ignoring them. He indicated that the students soon learnt to
restrict their explanations. He concluded humorously by saying:

So you can warn your kids that if we say a short description of something, we
really mean that. And this probably, being sexist, applies to girls who
sometimes feel that “short” is a page and a half. Try to discourage that. Most of
the people who set these papers are men and they can't read a page and a half.
(Examiner, exam meeting)

The implication here is that teachers were being encouraged by the examiner to
limit students’ opportunities to express themselves. The students must give the
correct answer but it must conform to the format required by the examiners.
Showing their understanding had to take place on the examiner’s terms.

Because of the pervasive influence of the examinations, this practice of conforming
to model answers also took place in the classrooms. Consequently, the students
learnt from their classroom experience, especially from tests and examinations,
that there was a “more correct” way of responding to problem tasks. For example,
after arguing with Jack about the answer to the pendulum problem, Tom seemed
resigned to just giving the examiners what they wanted:
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But I still think it should work both ways. If you, ... under ideal conditions.
And I still will... I mean that's my personal feelings towards it. But I
suppose you've got to conform with the ideas that the examiners want
because they are the ones that mark it in the end. (Tom, interview)

Adding to this, alternative solution paths were not always valued but rather
considered inferior to the teachers. For example, Jack commented on a number of
occasions when a student wanted to demonstrate an alternative solution path “Do
we have another wonderful way of coming short?” (an expression for getting it
wrong). While he might have been joking, the implied value placed on students
solution paths compared to his could not be mistaken.

7.3.5 Commentary

One of the main purposes of this study was to understand from the participants’
perspective, why teaching and learning occurs in the way it does. This section has
provided evidence to support the assertion that the current syllabus, time
pressures and examinations have a major influence on what happens in the
classroom. These three constraining and focusing factors are essentially outside the
immediate control of the teachers and students but have a profound influence on
what happens in the classroom. The participants see themselves “locked into the
system” constrained by these three forces. From the analysis, I suggest that the
final examination was the most significant constraint. In some senses, it
superseded the syllabus and the time pressures. If it were not for the examination,
it was unlikely that the time pressure would have been as significant. Also, the
examination refined and qualified the syllabus content. While the syllabus was
published for all to see, the examination determined what the syllabus was in
action. The teachers wanted the students to perform well on tests and to gain
access to the next educational level as they saw this as their responsibility to the
students and the community. To do this they focused on past examination problem
tasks in class. They emphasised getting the work done and covering the content
which would be tested in the examinations.

The examination contributes to an environment within which the students
experienced learning science as a stressful competitive game where “they”
attempted to produce problem tasks which students would find difficult. Because of
the high stakes, the students were motivated to work and so practise to cover all
possibilities. They were prepared to accept instrumental understanding of the
science as long as it helped them pass the examination, with relational
understanding relegated to a secondary role. Two further consequences of the
constraining effect of the examination were seen. In my opinion these had a direct
effect on the quality of the science education. First, there were the lost
opportunities for exploring areas that were of interest to students because the
teacher felt that either time was not available or the question under discussion,
would not appear in the examinations. Secondly, qualitative descriptions appeared
to be under-emphasised because they were more difficult to mark. Perhaps it was a
case of what could be assessed easily in examinations took precedence over what
was considered important for conceptual understanding.

The findings of other studies support the assertions made. Tobin (1987) reported
that the assessment system was used to motivate students and had a focusing

effect on the implemented curriculum. Teachers constantly communicated what
would and would not be examined. They endeavoured to cover the curriculum in
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the prescribed time whether or not learning occurred. The focus was on covering
the planned content so students could do the examinations. In a related study of
physics teachers, Deacon (1989) also found that the external examination had a
strong effect on the intended and implemented curriculum with past examination
questions given the highest status. Although Brickhouse (1993)and Bodner (1992)
have reported that shortage of time and pursuit of grades were restraints
experienced by beginner science teachers, this study provides evidence that it
might be extended to include most science teachers in similar contexts. Supporting
studies do not only come from science education but also mathematics education.
In an earlier study, Doyle (1983) found that the reward structure operating within
classes was an important force. Teachers would constantly motivate students by
referring to tests and examinations. If a particular type of problem was
emphasised as being important for the examination, students tended to
concentrate on that to a greater extent. In addition, Schoenfeld (1992) indicated
that, under the pressures of mathematics content coverage, the teacher in his
study sacrificed problem-solving goals for the more immediate goals of drilling
students in the things they would be held accountable for. In addition, little time
was allocated for activities that did not relate directly to potential success in
examinations.

Given these consistent findings of the effect that the examination plays in shaping
the implemented curriculum, it is surprising that it has not been used as a lever for
change. If we ask questions that required students to work in ways that we valued,
then the evidence suggests that teachers would be influenced to follow suit in the
classroom. For example, Schuster (1993) provides examples of how to go about
transforming routine tasks into detailed questions for use as assessment tools.
However, their use does presume that assessment is seen as “a formative
component of the educational environment, where it can provide a vehicle for
shaping learning and teaching” (p.1). This unfortunately was not the view
expressed by the examiners in this study.

7.4 INEFFECTIVE INSTRUCTIONAL STRATEGY

Assertion 6:  The teachers and students had an uncritical beliefin the
efficacy of whole class explanations. Accompanying this
was a belief that success would come with hard work while
a lack of success could be attributed to a lack of natural
ability. However, analysis of the instructional strategies
provides evidence that barriers exist which explain why

they are not as effective as expected even with routine
problem tasks.

7.4.1 Introduction

Teachers can deal with the teaching of content and the solving of problem tasks in
a variety of ways. In one of the more common approaches, teachers spend time
lecturing or explaining the solution to questions and numerical problem tasks.
They present the information or solution strategy to the students in an organised
and logical sequence. Normally, it takes the form of a teacher-centred expository
discourse in which the teacher presents the principles, gives the answers and
elaborates how to go about solving the problem tasks. In the previous chapters, I
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have described Jack’s and Susan's classroom practices in which there was a mejor
emphasis on teacher explanation. From this emphasis, it can be inferred that they
believed that this was an effective way to achieve their goals of preparing students
for the examination problem tasks. We assume that Jack and Susan provided
these explanations of how to solve problem tasks, under the belief that learners
would absorb the solution strategies. They would then be able to use them on
similar problem tasks, especially those found in the tests and examinations.
Unfortunately, I have also described how this emphasis on explanation led to
students finding the classroom routine boring and the results show that it was not
as effective as might be expected.

The following sections focus on my attempts to understand why the teachers used
the instructional strategies described earlier. I describe some of the beliefs the
teachers held about teaching and learning and reasons they gave to explain why
their methods were not as successful as expected. For example, teachers ascribed
the limited success of their strategy to students’ lack of ability while students
concentrated on lack of work as their main reason. However, I will provide
evidence to show that there were other barriers present which explained why this
instructional strategy with its emphasis on teacher explanations and whole class
teaching was not as effective as one might have expected.

7.4.2 Teacher and student beliefs

Sub-assertion 6a: The teachers and students had an uncritical belief in the efficacy
of whole class explanations accompanied by hard work and
natural ability.

Focus on explanations

In the earlier chapters of this study, I have described how direct teaching and the
explanation of solution paths is the predominant mode of teacher activity in the
classroom. In the case of Jack, if the students were not writing a test or
examination then they were most probably listening to him explain how to solve a
problem or explaining some new concept or principle. On the other hand, Susan
provided the students more time to work on problem tasks but where she
interacted with students, the situation was very similar. She would use direct
teaching and explain “how to do it” to the whole class. The following extract was
taken from an interview where I questioned her teaching approach:

It was very rushed. I should have used more examples and explained more
practically, perhaps not the actual calculation examples but explained more
fully where we ..where it applied in our sort of everyday lives and where it’s
useful and why we do it, I should have done more along those lines. What else
could I have done to make it more interesting? Done some demonstrations? I
don't know. Measuring current, measuring potential difference, running the
time, showing them how much energy is used, I don't know how that would
actually work. Perhaps I could have done more along those lines, and actually
explained in more practical examples where- why we calculate electrical work,
why we calculate electrical power. (Susan, Interview, 28/02)

In response to the above situation, there did not seem to be any emphasis on the
students doing something to make meaning of the concepts. For Susan,
explanations appear to be reliable in accomplishing what she saw as a goal of
getting her students through an external examination and meeting parental, peer
and administrative expectations. She conceptualised her major task within the
class as “teaching”, which played itself out as explaining. In conversations with me,



149

she often used this terminology of “grasping” to represent student understanding of
her explanations. The following excerpt from an interview is one of many
illustrating this view. Susan was describing one of her student’s feelings at getting
the answer to a problem task incorrect while another had obtained the correct
answer:

She had trouble with the concept which Steven had grasped and Steven was
able to help her and once she had grasped that, she was in the same position
that he was. She was in a position to actually explain it to somebody else.
............ I think that they often learn from their peers, that they're actually
able to explain better to each other, because they talk along the same level.
(Susan, Interview, 28/01)

The role of the student was to grasp the information, which was transferred from
teacher to student to student, much like a relay runner’s baton. The implication is
that understanding can be passed from one person to another through explanation.

On the other hand, Jack appeared to have a conception of teaching and learning
that was consistent with that of a “meal” (Erickson & Shultz, 1992) in which it was
his job to do the feeding and the students role was to eat. The process of feeding
was equated with careful explaining and eating with receiving the information or
understanding. This conception was encapsulated by the following comment from
Jack. He was talking about the pendulum collision problem task where half the
class obtained what he considered the correct answer (1,8 m) and the rest, applying
another principle which he considered wrong, obtained (1,95 m):

I was very pleased about the number of kids who got 1,8 metres because they
solved the problem the correct way..... ...... Ifthey got 1,95 .... it was a
conceptual type thing. Or perhaps they rushed into the problem and didn't see
it holistically enough. The very fact that a fair number got 1,8 meters means
in fact that they've been fed the right information, some people possibly just
hadn't taken that mouthful. (Jack, Interview, 18/03)

Although there were many occasions where the students made comments about
the relevance of the content and how boring they found the classroom routine,
there were no comments critical of the teaching methods used by their teachers. In
fact, many of the students in interviews and open-ended response questionnaires
made positive comments about their teachers and their teaching methods. While
they might have expressed dissatisfaction at the relevance or the quantity of
explanations, they were satisfied that this was the appropriate method of teaching,
and listening was the appropriate role for a student who wanted to learn:

Some people are sitting and listening, as they, like myself, would like to learn
something, so I can get an “A”. Others are messing around and not
concentrating, as they are either not interested in science, or think they know
everything. Some people may also have known the answer, and saw no reason
to listen. (Bruce, questionnaire)

Even if they had difficulty understanding something, there was an expectation that
repeat explanations would result in the understanding being passed on. The
following excerpt represents one of many instances consistent with this belief:

Agd I mean if you go over to her a hundred times and she tells you the same
thing a hundred times as long as it gets through to you, it's fine.
(Frances, interview)

Alternatively, if the teacher explanation was not that useful then some students
were happy to rely on fellow students to do the job of explaining:
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I find it useful to work with someone. Who's got more knowledge than me.
Because, especially Sbu. When he explains something I find it easier to
understand it. Even, I understand it more if he explains it than I would
understand it if the teacher was to explain it. (Hintsa, interview)

I could only find one instance where a student suggested improvements to the
instructional method. In a comment on a questionnaire, Frank, a student in Jack’s
class felt that “one aspect in which science falls short is that more mechanics
problem tasks should be done on the board with step-by-step analysis. This will
ensure a better understanding.” It appears the student wanted more of the same!
Overall there was convincing evidence that the classroom participants had an
uncritical belief that teacher explanation was an effective instructional method to
use.

Success through hard work

While there was this belief that the teachers role was to provide the explanation, it
was assumed that the students’ role was to listen attentively and “grasp” the
explanation. This was to be followed by “working hard”. In most cases this referred
to solving many problem tasks as suggested by the following comment:

The best way to get a better mark is to do more problems and try and see if
you are getting them right. You have a model answer. And if you're not then
see where you mistake is. But the best thing is to do a lot more work sheets,
and do more sums. (Mark, interview)

Jack took every opportunity to emphasise the need to practise the solving of the
problem tasks. He also indicated that he was certain that the marks would
improve as the year progressed and the rate of student work increased as they got
closer to the examinations.

Susan also made it clear that something else besides the explanation was required
for learning to take place. When discussing student learning she said: “I think they
also realise that by me showing them, they're not learning anything. That they've
actually got to try it for themselves to learn.” For Susan, there was a direct
relationship between students doing all the work required and doing well in the
tests. The following excerpt illustrates this. She is talking about students in
another class that she had taught:

Yes. In this case it was balancing of equations. And those kids who have done
the equations and when I have gone over it with them and marked them
correctly, done their corrections, they do well in the tests. The other kids who
have left out half the stuff and not bothered to mark it,.......... have failed. It's
actually quite amazing. (Susan, interview, 09/02)

When one of her students did not do well despite all the hard work, she was at a
loss to explain why this had happened. She seemed to have no further ideas as to
how to treat the situation:

Susan I don't know what I'm going to do with him, I really don't. I
mean he works, he works and he works and works.

Int.: Why do you think that he has a problem? ‘

Susan Because he works so hard and is not achieving the results, that

one expects. (Susan, interview, 23/03)
Explanation followed by the hard work had not achieved the expected results.
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The students in both classes also had the belief that there was a direct relationship
between hard work and success in the examinations and tests. There was a feeling,
expressed by students in their interviews, that you got the mark you deserved:

Eric: Just to test our knowledge. They're not that difficult, if you
Jearned and you know your work like some other people... they
get their marks like that.

Int. You would say their mark is directly related to -....

Eric: The amount of work they put in.

Int.: The amount of work they put in. So someone like Bruce, you

would say works really hard ?
Eric: Yes, he does. ........ you deserve your mark.

The same sentiment was expressed for students at the other end of the scale. When
I asked Tom why some students obtained such low marks (14%) for a test, he
replied:

Because they deserve it. Because they,.... they are not,... a lot of the guys

here, I mean, they don't put in the effort in... in the work they do. You know

they think learning the day before, they cheat in class tests and they bugger

around and... you know like, they really don't put any effort into it and they

expect by learning the week-end before exams it's going to ...... you know pass

you.

The students who received low marks did not put forward any other reason besides
the lack of work to explain their low marks. The following two excerpts represent
this student view:

Out of class, I always complete all of the homework exercises set, between
(30min - one hour). In class, I do not work to my full potential and this is the
reason for my not achieving potential results for tests. (Pietro, questionnaire,)

Int. : What could you do if you wanted to get better marks in science?

Hintsa: I could get better marks if, if I had to study. IfI had to do my
work, all my work. I could get very good marks.
(Hintsa, interview)

The students also had similar expectations to the teachers that if the effort was put
in then good results would follow. In the following extract Chris is explaining his
feeling when his examination paper was returned to him, an event recorded on
video and played back to the students:

Awaiting for my exam results, I was nervous and scared. Upon receipt, I was
shocked and disappointed considering the amount of time I spent studying.
(Chris, questionnaire)

Given the time spent and amount of work he had done, he expected to get better
results. It appeared that both teacher and students saw a simple relationship
between doing lots of work and success at their tests and examinations. When this
did not occur they were surprised.

Role of natural ability

Given both teachers’ apparent confidence that explanations followed by hard work
would achieve their goals, it was interesting to see how they coped with students
who were unable to benefit from their explanations and practice. When speaking to
Susan about the students’ test results and expectations for the year-end
examination, she said that poor results could be expected because of the general
“level of student” at this school. Her predictions for the final examination were
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similar to previous years. It was as if she implied that this school produced a
particular profile of student and one characteristic was average ability in science.
It was apparent that natural ability or intelligence played a role in success. Even if
the student did all the problem tasks, this did not guarantee success especially
with the more difficult problem tasks:

They would also have got it from doing sort of simpler problems or different
problems, from being able to adapt to different problems. And a little bit of
their own intelligence, quite a bit of their own intelligence. But they would
have to have done other problems to sort of cope with the more difficult ones.
(Susan, interview, 23/03)

At no stage did Susan imply that her instructional strategies might be at fault. If
the student failed to do problem tasks it was because they had not grasped the
explanations, practised the problem tasks or did not have the natural intelligence
required.

Jack also did not seem to feel that the reason for failure to solve problem tasks was
a consequence of his teaching. As indicated earlier, he often obtained good results
with many A’s and B’s. However, when referring to the other students, he was
convinced that some just did not have what it took to get good results. In the
following excerpt from an interview, I asked him why students had been unable to
solve a problem that was slightly different to the normal routine problem tasks:

What do we do, or what is it we don't do? ........(8 seconds).... Right. What
your question implies, and I'm not going to answer the question immediately, I
don't know if I can. What your question implies, is that every kid has the
potential to solve the elegant questions. We just have to give them the tools in
order to solve those elegant questions. And I will dispute that. We mentioned
it earlier........ umm....... I said certain kids have got it and you said “What is
it?” And to a certain extent, you can hone that up, you can put an edge on it,
you can give them practice to a certain, to a certain point, but I'll still come
back toit, ................ that there are some kids in that class who could become
good physicists. If that's the way they wanted to go. And there were, ......
there're certain kids in that class who will never become good physicists. I
know I sound very dogmatic, but I believe that. (Jack, interview, 18/03)

While many students felt that all they needed to do was hard work, there were
some that agreed with the teachers’ belief. The following two excerpts provide
evidence consistent with this natural ability view:

I find science quite interesting, but it is unfortunate that I do not have talent
for this subject. In class I try to pay attention as much as possible and find I
can grasp most aspects and techniques involved with the subject, but for some
reason unknown to me when it comes to a test I go blank and nine out of ten
times strike out. (Petrus, questionnaire,)

Int.: Are you upset that you had to drop to standard grade.

Frances No. I can accept that I'm an average person in some subjects
and you can't be good at everything in life. Most of the science,
is like, Miss Smith said, like some of the children that are on
higher grade, should not be on higher grade. And I promise
you, if they knew...... I mean ok not everybody is an A student
in science. Science is like fairly hard you know. And if they
could actually accept that they aren't A material they would be
so much happier. They're sitting there absolutely struggling
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like you just can't believe. ........... And I mean they should

really just go down to standard grade as far as I'm concerned. I

mean obviously it's their personal choice. But I mean they must

be realistic about what they, what they can achieve.

(Frances, interview)
As Frances indicated, the belief that they did not have the ability to solve the
problem tasks was not necessarily a common perspective. For example, in the
previous section, I provided a quote from Hintsa where he indicates that he would
obtain good results if he worked hard. Again, when I was asking him after a test in
which he did not get good results, what Susan’s opinion of him was he replied:

Hintsa: I think she is thinking about my low marks in the test.

Int.: So do you think she's saying that you're not good at science or
that you need to study more, or that you're not clever, or, that
you don't pay attention. What do you think the teacher is
thinking about you.

Hintsa: I think she thinks that .... I'm not clever.

He certainly did not believe that the reason for his low marks was his lack of
“cleverness” but suspected this was a belief of his teacher. Overall there was
convincing evidence that Jack and Susan had a firm belief that natural ability was
a determinant of success. Some of their students were aware of this belief.
However, while some students were prepared to accept it, others were not
convinced, placing emphasis rather on a lack of work. However, none of the
participants felt the instructional strategy was at fault.

7.4.3 An alternative analysis

Sub-assertion 6b: A number of barriers existed which prevented students making
sense of teacher explanations.

After Jack had introduced the problem dealing with the falling blocks and
pulley, he carefully explained how to solve it. The students practised on a
number of similar problems for homework, which were also carefully explained
in class the following day. When the students did badly in their test, Jack
carefully explained how to deal with these problems again and gave them
another test. When I telephoned Jack and asked him how the students had
done on the repeat test, he sighed and there was a pause. Then he said, “You
know......, I despair. The results are as bad as before.” Despite his careful
explanation of the virtually identical problem from the previous test, despite
the practice on similar problems, many of the students still could not solve
routine pulley type problems. (Fieldnotes, 12/05)

The above incident was a key event in my observation of Jack’s classroom. It
appeared to me that his strategy of explaining how to do it, followed by practice,
was not as effective as he believed even with the routine problem tasks. He had
shown the students how to solve the previous test problem in detail. They had
practised on at least six or seven similar problem tasks (Appendix F). Given that
this was the top set of students, these students definitely had the natural ability to
solve routine problem tasks of this nature. While not straightforward, all aspects
could be dealt with by using procedures demonstrated by Jack. It was obvious to

me that the instructional strategy was not effective, despite Jack’s expert-like
explanations.
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I decided to analyse the situation from a transfer theory of teaching perspective
(Fox, 1983) which was in my opinion the closest theory to that held by Jack and
Susan. I began to look for reasons why students were not making sense of the
solution paths that were demonstrated to them and were unable to solve routine
and difficult problem tasks. I interpreted Jack and Susan’s use of explanations as
efforts to transfer knowledge from the teacher to learner. Once it had been handed
over it was the students job to practise. The student was required to learn the
procedure (even by rote) and implement it on virtually identical problem tasks. The
many “variation on a theme” tasks would then provide the opportunity to
manipulate the procedure and gain some facility in applying it in similar
situations. The question that puzzled me was why there was such a low success
rate using this method. As Jack would sometimes comment, “There is no way
anybody on higher grade should not get this correct”. Given the low conceptual
demands of most of the problem tasks, I expected even the students in Susan’s
class to have much higher test averages. However, arising from further viewing of
the video tapes and analysis of my classroom observations, a number of reasons
presented themselves, which I considered barriers to learning, however teachers
conceptualised teaching and learning.

Reception

Students did not always “receive” comprehensible explanations. By their very
nature, the purpose of an explanation is to describe something in detail, give
reasons for an event or phenomenon or show the steps to reach a goal. It is often
assumed that because the teacher is behaving as the expert within the classroom
that their explanations will be logically structured (Touger et al., 1995) and
coherent and therefore comprehensible. This fits with the transfer theory where
part of the teacher’s role is to package the information into simpler parts for
transfer. This unfortunately was not always the case in this study. In the analysis
of the data, it became apparent that one of the most likely reasons for students
failure to understand some explanations was that they were incomprehensible
because of a lack of coherence. This lack of coherence arose for three main reasons;
the explanations were not rehearsed or well prepared by teachers, attempts to get
students involved disrupted the flow of logic and students missed some steps in the
explanations.

Consider the following extract from one of Susan's lessons. It is taken from a lesson
in which she had planned to start the section on electric circuits but needed to
revise work dealing with resistors in parallel that was done in previous years. Most
likely, the purpose of the revision was to construct a sense of shared knowledge on
which further explanations would be dependent. She does not work from any notes
but explains “off the cuff” having taught this section a few times over the past ten
years. Halfway through, her explanation about the calculation of effective
resistance, is disrupted by a student asking if they will be given two sets of values:

Mrs. Smith:  You won’t be using two sets of values. They might give you two
cells in parallel. - OK. In which case, if you have two cells in
parallel -what is the situation there?..

[Draws a circuit and puts in cells in parallel]....

If you are told they are 1.5V batteries - Sorry, Lets rephrase
that -1,5V cells put in parallel to form a battery, what is the
effective potential difference - emf of the battery?...

That’s 1,5V and that’s 1,5V?
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Three [chorus]

Students:

Mrs. Smith:  No! 1,6V.

Student 1: Why?

Mrs. Smith:  What's the point of doing it like that? If you want something to
burn for a very long time you put two batteries in parallel and
they will produce the same amount of energy per coulomb but
it will last longer.

Student 1: How come, ma’am?

Student 2: Because the force of one over 1,5 plus one over 1,5 - because
when they add up they -

Mrs. Smith:  [Interrupts] They don’t actually add up in this situation. What
will actually happen - you will draw current from the one, until
the potential alters and then draw from the other . OK  They

‘ will only draw from the one at a time.

Student 1: And in series?

Mrs. Smith: Ifitisin series, then you add, if it is series then its 1,5 plus 1,5
3V.

Gavin: Parallel stays the same?

Mrs. Smith:  Parallel stays the same. Any questions?

Kevin Yes. If you had two in the top branch, would it be 3V.

Mrs. Smith:  Yes.

Gavin: Why are you adding now?

[A discussion starts in which the idea of emfis mentioned.]

Mrs. Smith:  Any other questions? |

Gavin: Yes. What's EM.F.?

Mrs. Smith: We haven’t got to that yet.

Gavin: Whoa! I was getting worried. [laughter]

(Susan, lesson transcript, 18/05)

Susan has to explain “off the cuff” how cells in parallel behave. This is clearly an
unplanned explanation about the cells and what follows has little coherence. The
parts of the explanation certainly do not fit together to make sense to Gavin. One
gets the impression of a number of bits of information that are not logically
connected, as we would expect in a good explanation.

A further complication, resulting in a loss of coherence, is that questions were
being asked by students resulting in a deviation from the original explanation
concerning resistors in parallel. Susan encouraged this type of interactive
questioning and saw it as a positive part of her instructional strategy, as it
indicated that the students were active. Unfortunately, the consequence was that
the explanation did not follow a logical path from beginning to end. Rather, it
jumped around as Susan developed it in the direction demanded by the students’
questions. For many students, the development of the explanation at hand ended
up in a confusion of questions about something else. It would have been difficult to
keep track of the main topic with these deviations. In addition, examination of
lesson transcripts indicated that there were many other interruptions and
interactions taking place at the same time. For example, students would call out
humorous comments, or derogatory comments about their peers. Sometimes Susan
would have to stop in the middle of an explanation to admonish students who were



156

creating a disturbance. Given these additional distractions, it was even more
difficult to focus on the explanation steps. :

While this was a characteristic of Susan’s explanations, the same cannot be said
for Jack’s. In most cases his explanations were well constructed and filled with
detail. There was not the same number of interruptions. Where this did happen he
would often ask the student if he could come back to that point when he had
finished. However, because of the detail attached to his explanations, they were
long. This leads to the third factor.

The third factor, which seemed to prevent many students “grasping” the
explanations, was that they missed some of the steps. Most explanations of
problem solution paths consist of a series of logical steps leading to a solution. If
one step is missing, the explanation is incomplete and it can be difficult to make
sense of it. For example, Jack expected the students to pay careful attention to his
explanations e.g., “I assume I will have your undivided attention for the next 10
minutes”. However, he did not always get the student attention he sought.
Examining the video record and fieldnotes shows many instances of students
becoming distracted and looking out the windows or looking down at their desktops
or exercise books. While they might have been listening to him, they were
obviously not watching him point out features of his explanation on the board,
where he would refer to particular parts of diagrams or equations. These were
essential for comprehension of his explanation. They also missed many of his
gestures and facial expressions as he placed emphasis on parts of his explanation,
which can be important components in understanding what is going on. Given that
many of the lessons were 60 minutes in duration and Jack was talking most of that
time, it was not surprising that their attention would stray. The following
comment from a student, after watching a video clip from a lesson in which Jack is
explaining how to solve a problem task, is revealing:

The majority of the pupils seem preoccupied and disinterested. We do,
however, ‘appear’ interested and to be listening. The pupils fiddle around and
don’t seem to actually take great interest in what the teacher is teaching.
Majority of the class talk amongst themselves and are infrequently forced to
answer a question or make a response. (Stuart, questionnaire)

In addition, the pace of the lesson would often slow down as a consequence of the
teacher dealing with the numerous student questions (Carlsen, 1991). These
specific questions often led to short one-on-one dialogues between the teacher and
the interested student and other students lost attention. The video record in both
classes, show that many of the students who were not involved, would become
distracted. When the teacher continued the explanation, these students would not
all return their attention, as they would either miss the cue that the explanation
was to be resumed or would attempt to finish what they were doing. Thus, they
would miss a few steps. When their attention returned to the explanation, there
was little to prompt them of what had been said except for a few formulae and
figures on the board. Complicating the matter was the lack of complete
explanations recorded in any form, such as notes, for students to review at a later
stage. Examination of the verbal record 1.e. transcriptions from audio tapes,
showed that the actual explanations were hundreds of words in length but the only
written records would be a sketch, a few formulae and some figures recorded on the
chalkboard and transcribed into notebooks.



157

Closely related to this is the fact that when teachers explain how to solve
particular examples, they do not provide the student with the complete explanation
for the solution path. The solutions to example problem tasks typically contained a
sequence of actions some of which were unexplained. One step might require
chaining several inferences together and translating them into an equation.
Alternatively, the conditions that apply to a particular problem context and
solution were not made explicit but rather assumed. When they missed a step,
there were limited opportunities to reconstruct the explanation. Consequently,
students then need to overcome the incompleteness of the explanation by drawing
conclusions and making inferences from the presented information. The majority of
" the students were not in a position to do this. Students would then have difficulty
making sense of the rest of the explanation. Taken together with the lack of
coherence due to the disruption from questions and the use of unstructured
explanations, it is no wonder that many students failed to “grasp” the
explanations.

Thinking behind steps

The thinking behind critical steps in explanations was not always revealed to the
students. Through the use of explanations, Jack and Susan were providing a form
of systematic modelling (Lavoie, 1995a) or apprenticeship. They were leading the
students through the cognitive processing involved with solving a problem by
explaining out aloud what they were doing. The students were supposed to learn
the cognitive processing involved by following and imitating the teachers’
behaviours. Previous evidence suggests that this instructional process was made
obvious and was accepted by the students.

Following from this, we know that when experts solve problems, they analyse the
problem situation deeply not looking for superficial cues but rather determining
which scientific principles are involved in the situation under consideration. If, as I
assumed, Jack and Susan were showing the students “how to do it” then I expected
to see many references to how they went about choosing a particular principle to
guide the solution strategy. Unfortunately, this was not always the case. More
often than not, both Susan and Jack would just announce the equation or principle
that was to be used. Take the following excerpt, for example, where Jack was
explaining how to solve the problem involving the ball rolling into a dip and then
over a hump (p.100). Students had attempted the problem, which was for twelve
marks, implying some difficulty in producing a solution, and a large number had
responded to the surface characteristics of the problem and opted for a simplistic
analysis which was unfortunately wrong:

MrJ. There are four situations that we can consider. I can laugh off
one of them because two of them are identical.

[He then numbers the four positions on the diagram as AB C

D]
The velocity here [points at A] was 3, here [, points at C]
was....?

Students: three [students chorus an answer]

Mr.J. .. and here, [points at B] was 4 and some people reason that

the increase in velocity is 1 therefore the decrease in velocity
from there to there /points to C and D] will be one. One from
three is two and for that complicated calculation you get 12
marks

[Uses a sarcastic tone and number of students laugh].
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Now here you are dealing with energy conversions, potential
energy to kinetic energy ... Obviously if you wanted to, you
could work out what the depth of this hollow is...[Points at B]..
The question didn’t require it, but you could in fact work it
out. ...

[Continues and solves the problem using energy principles]

(Jack, Lesson transcript, 25/03)

From a physics point of view it is crucial to recognise that this problem could oaly
be understood through energy conversions and not for example, through
kinematics principles which were used by a large number of the class. How Jack
determined this, is not provided in his explanation. He highlights the feature kut
does not model or explain what he did to determine this. For example in another
problem, which a large number of students were unable to solve, he started his
explanation with:

Mr. Jones: We are given two instances,.... we can get two equations..... and
we solve it that way. I can therefore say -- and I might add that
moving on to the step, I am going to do now, requires a bit of a
quantum leap in terms of thought. .......
[continues with solution........ ]
Once your mind does the leap to there being two
problems...there and there, and you link the two together, once
your mind comes on to that you are fine and what you are
dealing with is mathematics...simultaneous equations. (Jack,
lesson transcript, 12/05)

He does not model the process of the “mind leaping”. He announces the strategy up
front, as if it was an obvious decision, and leaves the studerits to do the
manipulation of formulae and calculations. Because of his experience with similar
problem tasks, he is able to determine the required principle. He does the deep
analysis or thinking but does not make it explicit in his explanations. This was not
an isolated occurrence. It was part of Jack’s instruction strategy for dealing with
problem tasks that students had difficulty with. Students were left with the easier
or more procedural parts of the solution path as illustrated in the following excerpt:

Now if they've got a clear picture of what the situation is, then obviously that
assists them in answering the problem, if I've set a difficult
problem,......umm....,.. it was meant to be difficult, say,....umm...., and three
quarters of the class didn't have a clue, I will sometimes go through....umm....,
and explain the situation, the set up and then I could see the pennies dropping
all the way around the class and then I say to them “Right you've got five
minutes, now answer the questions”. Because there were a number of steps
that they had to do, they had to understand the situation and then answer the
question - they didn't understand the situation. So I give them the
understanding of the situation, then ask them to answer the questions.

(Jack, Interview 18/03)

The kinds of thinking and analysing required to determine a solution are rarely
modelled. There was no evidence of an explanation showing how a number of paths
might have to be explored before finding one that led to the solution. Neither were
there occasions in which a range of solution strategies were considered and tte
most appropriate selected. Overall, the explanations did not provide the students
with models of higher order thinking. Students attempts at making sense of the
solution strategies were not grounded in an understanding of the principles that
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led to the solution, attempts to use the same solution strategy were error prone
and easily forgotten. It was not surprising that as soon as a different situation or
slight change in the problem were given, the majority of students struggled to solve
it.

Reflecting and linking

Students were not given opportunities to reflect on the explanations as a whole or
to make links to associated concepts and principles. Firstly, examination of the
data shows very few planned opportunities during or after explanations to make
sense of them as a whole. For example, students might discuss particular steps in
an explanation but there were very few occasions where the students were given
the opportunity to examine a complete explanation. What follows is a typical
excerpt from Susan's classroom. In this example she is introducing the students to
the equations of motion and explains how to solve a typical problem.

Mrs. Smith: Right. The next thing you do is you list all the information
given. So I'm going to take an example, work through the
example with you, and you'll see what I mean. I'm going to take
the first example underneath equation 1. An object is

[Susan solves the problem for the class. She explains how to
choose the correct formula base on the information given. She
also explains how to change the subject of the formula. In the
middle of this she calls to a student who has fallen asleep. She
ends her explanation by doing the calculations on the chalk
board as she talks.]

Right. So you're trying to find A..... V - then you substitute, so -
sorry - you've chosen your correct formula, you've changed the
subject of the formula, then you substitute. Right. What do you
substitute? V is 30m/sec, minus U, 5m/sec over the time, which
was 5 seconds, and that's going to give you acceleration. 30
minus 5,....... 25 divided by 5,...... S5m per sec to minus two, and
that is your acceleration, and that is your answer, and that is
the way you do a problem. Okay. Is there anybody who has any
questions about how to do these calculations? ...

Right. You have a worksheet with 16 calculations. Please go
ahead. ... They're very straightforward. Please do the questions
In your classwork books. Do not forget you have a test
tomorrow on sulphur. [Susan, Lesson transcript, 02/02]

On completion, there is no discussion or reflection on the explanation. The above
example involves very simple steps but there are other examples where the
explanations of a problem spanned 8 minutes. While the teacher would have a
sense of the complete solution strategy, because he/she knows in advance, the
students had to attempt to build their picture up as each step was revealed.
Unfortunately, some parts passed very quickly for students and would hardly be
noticed at the time. Sometimes they would not know what had been said was
significant, until they saw later parts. Even when the explanation was well
structured, they would have received it in a linear sequence and they might learn
it as so many bits rather than as a solution strategy or approach.

To get around this problem, Lavoie (1995a) suggests that students should record
the steps of the solution strategy modelled by the teacher and discuss them among
themselves and with the teacher, while Wheatley (1995) advises that students
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should spend time explaining and justifying the solution methods. Unfortunately,
this was not what happened in either class. Rather the students had to rely on
what they perceived, understood and remembered at the time. In all likelihood.
sometimes the logic of the explanation was lost and they were left with a few
symbols and diagrams in their exercise books copied from the board. I compared
the whole process to the construction of a jigsaw. The students knew they were
doing a jigsaw but were not aware of the final picture. They then watched someone
choose particular pieces and place them in position. They saw local aggregates of
pieces while watching the construction of the picture and glimpsed the final
picture, but they did not get a chance to examine and appreciate the complete

- picture. As soon as it was complete, the puzzle was replaced with another and the
process repeated.

Secondly, explanations of the solution paths for problem tasks were treated as
isolated learning activities. It is generally accepted that we need a well linked and
connected knowledge base in order to successfully solve a variety of problems in a
discipline (see p.19 ). However, the explanations provided by Jack and Susan,
made few connections to other events. Once the explanation had been presented
the participants moved on to other activities, such as practising problem tasks,
activities which did not focus on linking the explanation to other ideas or other
means of organising the knowledge. This is seen very clearly in the previous
extract where the students move straight on to practise exercises without any
reflective activities taking place. This was very common, despite the fact that both
Jack and Susan recognised the need to promote connections between topics. For
example, when I asked Susan why students needed to solve the particular problem
tasks they had done that day in class she responded:

Well, partly it's learning to solve those problems because they're going to get
examined on questions like that. But then, it's also - you can actually extend
it further because when you get on to Newton's Law, Newton's Gravitation
Law, it's an extension of it, the same sort of thing, and also then you can

actually think......... like things like magnetism.... and what I try and do, I
don't know if I do achieve it very well, is actually to get them to think about
the problem rather than just doing it, rather than plugging it in, because then
you can also, they can also realize that it's linked to things like magnetism,
any force that acts over a distance. So although we do it in terms of Newton's
Law at the moment, it isn't confined to Newton's Law. It actually has anything
- any force which acts over a distance has got something along those lines,

...... the fact that the force decreases as the distance increases and things like
that. So I don't think it's just for these problems, I think it must serve a

broader goal . (Susan, lesson transcript, 23/03) -

However, although they recognised it as a goal, there was little evidence of any
activity that specifically promoted the linking of different topics, explanations or
concepts or building of problem schemata. Even the students were implicitly aware
that this was a gap in their understanding. When asked to explain what they
meant by difficult problem tasks, students would refer to problem tasks requiring
the joint application of different principles e.g. a problem involving the joint
application of energy principles, such as Newton's Force laws and kinematics
equations. There was a complete absence of discussions or arguments about the
interrelationships among the concepts with no activities such as concept mapping

taking place.
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7.4.4 Commentary

To achieve the goals of the syllabus and meet the expectations of students, school
and community, most will agree that it is the role of the teacher to intervene in
some manner. Driver (1995 p.7) sees this role having two important components.
The first component is to introduce appropriate ideas or cultural tools and
conventions of the science community to students and secondly to provide the
support and guidance for students to make sense of them. What is not always
agreed is what the nature of the intervention should be. Evidence from this study
and others is that where students were expected to solve particular types of
problem, providing explanations of “how to do it” followed by practice on problem
tasks and further explanations was a very common practice.

Why explanations?

The question arises as to why we find explanations entrenched as a part of science
teaching. Within the context of this study, I have used a broad definition for
explanation, as either dialogue or monologue in which the teacher is describing to
students how to reach a goal, in this case an answer to a problem. Within the
science community, explanations are commonly found as part of practice. In fact
the ability to give clear and succinct explanations is one of the measures by which
experts assess one another (Touger et al., 1995). Also systematic modelling which
involves careful explanations, is recognised as a positive strategy to be employed in
the teaching of problem solving (Lavoie, 1995a). Teacher explanations can also be
viewed as the modelling and scaffolding needed for students to get started on
solving problem tasks by themselves. Although the teacher is doing the talking or
explaining, this does not preclude students from constructing understanding
through a variety of other processes during or after listening to the explanation.
Millar (1989) has argued that particular views of learning do not necessarily entail
specific pedagogical practices. Thus it can be expected that we will find
explanations used by teachers holding diverse beliefs about teaching and learning.
For these and other reasons, it can be argued that explanations have a legitimate
place in classroom practice (Ogborn, Kress, Martins, & McGillicuddy, 1996).

Why do they have these beliefs?

How did Jack and Susan’s belief in this expository instructional strategy arise? A
number of studies e.g. Tobin (1994), have explored the relation between science
teacher beliefs and classroom practices and have highlighted the strong links
between them. Therefore, it is reasonable to assume that teachers’ decisions to use
explanations to achieve their goals can be viewed as an expression of their beliefs
about teaching and learning. In answer to the question “why do you use
explanations so much as a teaching strategy?”, the evidence suggests to me that
both Susan and Jack would reply that it was working for them and there did not
seem to be any other way to teach within their current contexts. It appeared that
they believed that “explanation” was the main teaching tool of their trade. Perhaps
they saw other strategies, which rely more on student action, as an abdication of
their teaching roles or they resorted to explaining in the absence of anything
better. It appeared as if they were satisfied with the current state of affairs in their
classrooms and considered what was happening as normal and legitimate. They

appeared to be content to maintain the status quo within the constraints of their
teaching context.

Given its wide-spread use, it seems that this way of dealing with problems has
been established over time and accumulated through tradition and represented a
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strategy that teachers valued (Olsen, 1992). Smith (1996) suggests that the
intuitive knowledge that drives teacher behaviours, seems to be related to their
own personal history of past teaching success. They have a belief in their ability to
have a positive effect on student learning and believe that learning could be
enhanced to the greatest extent by presenting the material in a more appropriate
manner. He suggests they see themselves as having insight and want to share it
with the students. They experience a sense of power or aesthetic satisfaction in
being able to explain how to solve a wide variety of problems. While they recognise
that effectiveness will vary across different contexts and students, their belief in
telling or explaining is robust even in the face of many students being unable to
solve routine problem tasks.

From the students’ perspective, it made sense to participate in this instructional
strategy offered by their teachers. From the evidence presented, we saw that the
students accepted teacher explanations as normal and suggested no alternatives. If
fact, when they considered that it did not “work” the first time, they would rely on
repeat explanations, either from the same source i.e. the teacher or from a peer.
They saw a simple relationship between hard work i.e. doing lots of practice
problem tasks, and success in the tests and examinations. As in the case of the
teachers, their beliefs could also be partly explained by referring to their past
experiences. They get many of the routine problem tasks correct using this
approach and most passed the examination, so they might question the need to
change. Where they saw some students getting high marks, they attributed this to
the hard work done by the individuals. This confirmed their belief in the
relationship. However, it did not convince all, as some students had experiences of
working hard with little success. In this case, they explained the failure, not on
the instructional methods, but rather by indicating that perhaps they do not have
the natural ability.

There are a number of reasons that can be given for these beliefs in the efficacy of
explanations. Students believe that understanding primarily involves knowledge of
relevant facts to be remembered or applied in relevant situations (Reif, 1984). They
expect to solve tasks by employing procedures that have been explicitly taught,
cued by superficial cues obtained when they read the problem statements. It is
likely that they had not experienced any other ways of working and alternative
ways of learning how to solve problem tasks do not occur to them (Cobb, 1986).
Their behaviour and approach to learning appears consistent with students who
have constructed instrumental beliefs about solving problem tasks in science
(Skemp, 1978) and anticipate that future classroom experiences will fit these
beliefs. There is also some evidence that some students are not interested in
understanding as they have different didactical purposes. They just want to finish
the tasks and so want the algorithmic type rules and how to use them. This 1s
recognised by teachers as indicated in the following comment from Susan when
asked to imagine what a student was thinking while solving a problem task:

Well I know what's going on. I got them all right. Does he understand the
concepts? Probably not totally but he can answer the questions and he gets
them right. Probably what he thought. I don't think he even thought about
“do I understand the concepts?” He just thought “well I'm .. I've got them
right, its okay.” (Susan, interview, 28/01)

To a student, it may be that knowing the different types of routine problem task,
the formulas and how to use them, is their goal. Whether it makes sense is not.
relevant to them. They operate this way because they think this is the responce
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required, this is what the subject entails (Hammer, 1989). Given the above,
putting their faith in teacher explanations would make sense to them.

Why does telling not work?

Despite the teacher and students uncritical belief in the efficacy of this
instructional strategy, evidence from this study and others indicates that this
expository method is very ineffective (Van Heuvelen, 1991a p895).

If we start with the assumption that the explanation is a teacher’s attempt at
introducing a new idea or solution strategy or path, it seems obvious that it needs
to be clear so that it is potentially comprehensible (Tobin, Capie, & Bettencourt,
1988). From the evidence presented in this study, there are serious reasons for
doubting that they are clear. This evidence indicates that a number of barriers are
often present which prevent the student even receiving a complete or a coherent
explanation. For example, while Ogborn (1996) suggests teacher explanations are
well rehearsed or well practised, the evidence suggests that this is not always the
case. I have shown that Susan and Jack often had to provide explanations that
were in their words “off the cuff” or “off the seat of my pants” and were not always
well structured. Adding to this, I showed that there was disruption to the flow of
the logic because of the many teacher and students questions, which sometimes
resulted in a disjointed explanation which was not clear to all students.

Added to this, I have provided evidence that the teachers do not always provide the
thinking behind their solution strategy. Perhaps this was not done because the
teacher was actually using routine performance. While they appeared to be
problem solving, they were in reality relying on the recall of a well-developed
knowledge chunk of the type “in this well recognised situation do the following”
(Schoenfeld, 1992 p.352). Consequently, the teacher was not modelling strategy
use, but rather, routine recall based on years of doing similar problem tasks. This
would not contribute to students learning, but could encourage them to rely more
on practice problem tasks so that they could also begin to exhibit the same level of
routine performance.

What if the explanations are good?

However, this cannot be the only reason why explanations were not effective, as on
some occasions the explanations were complete and well presented and had the
potential to be comprehensible. For example Tobin and Gallagher (1987) in their
study assert that the explanations were “most informative” and “representing
potentially rich means of elaborating the concepts being taught” (p.556). However,
they considered that learning was difficult because of the need to engage
simultaneously in more than one task e.g. listening to the explanation and write
notes. In the current study, the result was the same but the reason were most
probably different. For example, the students rarely made notes so should not have
been involved in multiple tasks. However, the fact that they did not take notes
meant they had nothing to refer to if they wanted to reflect on the explanations
which also would make learning difficult.

McDermott (1991) observed that from the teacher’s perspective, difficulties
students have are not usually due to the failure of the instructor to present the
material correctly or clearly, at least as the delivery is viewed from the perspective
of a physicist. She observes that what is taught is not usually wrong. However,
what the instructor says or implies and what the students interpret or infer as
having been said or implied, are not, in her opinion, the same thing. It appears
that despite the transmission being efficient, the reception is almost negligible.
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However, there are a number of possible reasons that can be put forward for the
failure to make sense of the potentially comprehensible explanations. For example,
one of the reasons could be that the use of explanation assumes that the student
can accept clearly presented knowledge as given. Yet, the student’s mind holds
many preconceptions that need to be confronted. These would interfere in any
sense making activity if they were not addressed (Driver et al., 1995). Besides this
reason, I want to add one other significant reason why explanations are not always
effective even if they are well constructed and transmitted.

Because of a reliance on instrumental understanding, students do not necessarily
listen to the explanations as they are satisfied with instrumental understanding. It
is as if the students do not tune in to the underlying principles and links to other
areas of science. Hammer (1994) suggests that an instructor may intend an
explanation to provide information for students to build into their understanding of
phenomena, but some students may think of the explanation as having served its
purpose once they are convinced they have the right answer. The consequence is
that the student’s sense of understanding is probably often premature, giving them
a false sense of competence. They then simply tune out. They appear to make no
attempt at developing relational understanding of any kind as they do not
appreciate the importance of organising their knowledge effectively nor for that
matter do they have the tools to organise it effectively (Reif, 1984). The
explanation of the problem solution might assist them in remembering the steps to
solve the particular problem but without connection to broader ideas, it results in
students developing limited understanding. The “new knowledge” does not cohere
with existing knowledge, resulting in incoherent understanding and fragmented
knowledge (Hammer, 1989; Tobin, 1996). The consequence is that they can at best
deal with routine problem tasks.

Why do some students benefit?

If this instructional strategy is as ineffective as presented, the question arises as to
why some students do well. There are a number of reasons for this. Reference to
the descriptions of classroom interactions in earlier chapters of this thesis, show
that many of the good students were also actively engaged in questioning the
teacher at every opportunity. McDermott (1993) indicates that they would be
considered intellectually active. They questioned their own comprehension,
confronted their difficulties and persisted in trying to solve them. She suggests that
most students do not bring this degree of intellectual independence to their study
of the subject. Again, according to Chi (1989) the good students understood the
example solutions because they make a conscious effort to ascertain the conditions
of application of the solution steps beyond what was explicitly stated. They know
when they do not understand, and respond by examining worked examples
carefully and filling in the missing steps. Unfortunately, the poor students did not
realise they did not know something, tried to use the worked examples as
templates for solutions to similar problem tasks and just skipped over the missing

information.

From my perspective I would suggest one reason why this situation exists is that
the teachers and students do not seem to have tried to uncover the reality of
problem solving. They do not actually know what is required for good performance.
They require a more sophisticated conception of understanding which emphasises
the ability to use knowledge flexibly in diverse situations (Reif, 1984). It is
essential that students understand that competent performance depends on
reasonable strategies rather than practice, natural ability or being test-wise
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(Holliday, 1992). On the other hand, teachers must appreciate that the effective
teaching of higher order thinking and problem solving is likely to require carefully
designed instructional strategies.
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CHAPTER 8

SUMMARY AND IMPLICATIONS FOR RESEARCH AND PRACTICE

8.1 INTRODUCTION

The purpose of this study was to extend our current knowledge about what
happens in physical science classrooms, what the participants did, what activities
they were involved in, and the reason for their actions. In particular, there was a
focus on the role problem tasks played in this context.

It was not a goal of this study to search for general characteristics of all science
classrooms but rather for an understanding of particular classroom contexts in
depth, which could in turn lead to a better understanding of the use of problem
tasks in science classrooms in general. Others might determine ways in which
these findings fit the circumstances of their own situation and determine common
characteristics which may, upon further investigation, be found to be pertinent to a
wider variety of settings.

The study has drawn attention to many issues such as the lack of practical work,
quality of classroom interactions and dominating role of examinations. These are
all areas that require further detailed analysis. Sensitive to the knowledge that
problem tasks cannot be looked at in isolation, this study has nevertheless focused
on the use of problem tasks in science teaching. In this chapter, I provide a
summary of the findings, and a metaphor, which I see as useful in understanding
the classroom practices found in this study. A discussion of the implications for the
teaching and learning of science follow this, with particular reference to the role of
problem tasks. I have included some recommendations for professional practice,
further research and highlighted opportunities or points of leverage, which can be
used to bring about change.

8.2 SUMMARY OF KNOWLEDGE CLAIMS

I have discussed how my findings connect with the work of other scholars and will
not repeat it here. What is important to note is that the assertions that have arisen
from the analysis of the data are supported by studies in other parts of the world,
especially where there is a fixed syllabus and central examinations. Therefore, one
can say that while the thick descriptions of the classroom practices are unique to
the two schools concerned, the findings are likely to have more general validity,
both in South Africa and elsewhere. They will contribute to our knowledge base of
science teaching and learning.

At this point, I have brought these knowledge claims together, to provide a single
list of the main findings of the study.

Assertion 1: The solving of problem tasks was the primary focus of the teaching
and learning activities to the virtual exclusion of other activities. Students found
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the repetitive solving of problem tasks boring. They encountered hundreds of
problem tasks, the majority of which were stripped of real-world complexity.
Nevertheless many students found the situations interesting, relevant and linked
to their lives.

Assertion 2: The majority of the problem tasks were routine. They were of low
conceptual demand mostly requiring quantitative responses. However, some
problem tasks appearing in tests and examinations were not routine and students
found them difficult. These problem tasks could be identified by particular
characteristics.

Assertion 3: The dominant mode of teaching how to solve the problem tasks was
for the teacher to explain and model how to solve them, followed by student
practice on similar problem tasks. In their modelling, teachers encouraged students
to use general strategies. When dealing with particular problem types they
encouraged the use of specific strategies. This approach was not effective in
teaching the majority of students how to solve anything but the routine problem
tasks.

Assertion 4: In the short term, the participants saw the solving of the problem
tasks as preparation for the matric examination. In the long term, the participants
had different views of the intrinsic value of the problem tasks. The teachers saw
the primary role as promoting general thinking skills, the external participants
saw it as developing or assessing conceptual understanding but the students saw
little or no intrinsic value.

Assertion 5: The teachers and students are operating within a tightly bounded
system in which the syllabus, time pressure and the senior certificate examination
act as boundary constraints.

Assertion 6: The teachers and students had an uncritical belief in the efficacy of
whole class explanations. Accompanying this was a belief that success would come
with hard work while a lack of success could be attributed to a lack of natural
ability. However, analysis of the instructional strategies provides evidence that
barriers exist which explain why they are not as effective as expected even with
routine problem tasks.

8.2.1 A train journey

One of the more significant findings was that the senior certificate examination
exerted a powerful focusing influence on the classroom environment, the -
instructional activities and on the problem tasks chosen. It appeared that the
ultimate goal of physical science was to solve these types of problem task in
preparation for the high stakes examination, rather than the learning of science.

As I watched and listened, I became progressively more aware of the significance of
this examination constraint and how it shaped the classroom environment. I
developed a metaphor or image for the system as one of my attempts to understand
why things were as I perceived them. While none of the participants explicitly
expressed this metaphor, their behaviour appeared to me to be consistent with
those who unconsciously held such an image of it and used it to guide their
practices and decision making. Like all metaphors, the train Jjourney has its
strengths and weaknesses and should be viewed in that light.
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I saw the students participating in a train journey with the train racing down the
tracks on its path to a destination city. When they arrived at the station, they were
assigned a train and a specific compartment. There was no choice. The train follows
a strict timetable, stopping at selected stations along the way, but not deviating
down any side-tracks. It is guided by the driver who has been instructed where to
go, whom to allow on board, at what speeds to travel, where to stop and at what
times to do so. The whole train system is controlled by some unknown managers,
who decide on the route of the train to its destination and the timetable. They have
issued instructions to the driver and expect him to deliver his passengers on time. At
times he is not that attentive but the train just keeps going, closing in on its
destination. When he gets behind on the schedule he speeds up to make up time. The
passengers know the destination but are not aware of the countryside through which
they will pass or the stops along the way. They rely on the driver to keep them
informed. He has done the trip so many times before that he forgets to point out
some of the interesting views along the way. Sometimes when he draws their
attention to the view, they are puzzled as to why he should think they would be
interested in that view. Some of the passengers are interested in the journey
carefully noting where they are going while others wish they were somewhere else.
Every now and then, passengers rush to the window and ask, “Where are we?” or
“Did I miss something?”

At the same time, there are other trains following other routes but all converging on
the same destination city. A crowd of interested people waits for the train at the
destination, every now and then, asking for information about its progress. Every
year it is the same, except that the passengers and waiting crowd are different.
When the train arrives at the station, the weary travellers disembark Some are
excited at arriving and seem to know exactly where they are going, while others just
follow, caught up in the crowds. Most are just relieved that they have arrived and
pass through the exit arches into the city, thankful that they never have to make the
journey again. What is disappointing from the perspective of those in charge, is that
so many of the travellers are so pleased that the trip is over. When asked if they
enjoyed the journey, there are few enthusiastic responses. It seems as if they have
missed the beautiful views along the way.

I saw the syllabus as the railway tracks. They are laid down and the train must stick
to them, if it hopes to arrive at the destination. Jack’s comments about being “locked
into” or “slotted into a system” help provide the image of travelling along the rails
with no opportunities for deviation. The different compartments are all the matric
classes that the “driver” teaches. The emphasis on time pressure was equivalent to
the train timetable. This aspect was generated through the comments about not
falling behind and need to cover topics in a certain amount of time. The teacher as
train driver has done the work so many times before that beautiful views have
become mundane and he easily forgets that this is the first time this group is seeing
them. The examination is seen as the final station, which is the exit point from the
railway system. The students and community want their children to pass through
the examination and enter life. It is seen as the climax of schooling and the entry to
tertiary education or the job market. Unfortunately, many of the students have
missed the opportunity to enjoy or see the value of science. They are only too pleased
to be finished never having to encounter it again.

Overall, this metaphor provides an image that helps in the understanding of
current classroom practices. While it has the weakness of only focusing attention
on some aspects of the practices seen in this study, it does have the strength of
helping in understanding why it is so difficult to bring about change within the
schools. While we might ask teachers to change their practices, we have seen that
they operate under a number of constraints. Just as it is difficult to ask the train
driver to make unscheduled stops, to change his destination or stray from the
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tracks, so it is just as difficult to ask teachers to deviate from the syllabus or ignore
the problem tasks found in the examinations. Although they might recognise the
deleterious effects of the system, they feel they do not have the power to change.
They feel they are doing their best under the circumstances.

8.3 TRANSFORMING TRADITIONAL PRACTICE

The following sections focus on the implications of my assertions and I provide
recommendations for research and action.

8.3.1 What it should mean to do science

In answer to the question “What specifically is happening in science classrooms”,
descriptions are provided and assertions generated that construct a picture of
school physical science education that is less than satisfactory. The instructional
system has failed to achieve what we desire for our students (Van Heuvelen,
1991a). There is little emphasis placed on developing conceptual understanding of
the scientific concepts. This situation is not what we would desire for our science
classes. The implication is that many students will continue to leave school with a
set of beliefs about science that are not consistent with those we would hope to
promote (Hammer, 1994). Students will not see science as a coherent system but
rather as a series of isolated topic items with the content of science being lists of
definitions and formulae, rather than the structure of concepts and principles that
underlie them. They will also see the learning of science as receiving information
from an authority source, rather than the constructing of one’s own understanding.
Problem solving will be viewed as dealing with routine problem tasks rather than a
higher-order skill.

While there may not necessarily be consensus about what the science curriculum
should look like, there is convincing evidence from the current study and others
that a curriculum based on mastering a corpus of facts and procedures to solve
routine problem tasks is severely impoverished. The continued use of problem
tasks in their present form results in students having a limited experience of
science education. The students have every reason to have negative attitudes
toward school science as they have not been given opportunities to experience the

multi-dimensional nature of science and the richness of scientific knowledge
(Bucat, 1997).

Because current practices engender a skewed view of what science is all about,
there is a need to change what is taught and learnt and how it is taught and
learnt. We need to design instruction carefully, based not only on what we know
about what it means to do science, but also on what we know about learning. If, for
example, we assume that we want students to be able to provide scientific
explanations for phenomena, and learn to solve novel problem tasks both

independently and co-operatively, then we need to implement and support a new
approach to teaching and learning science.

8.3.2 Design new instructional tasks

Qiyen that the goals we value are different to those met by routine problem tasks,
it is clear that we need to design new problem tasks to achieve our goals. The
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evidence suggests a change to a different role for problem solving in which we move
beyond routine application of algorithms and procedures to one which places more
emphasis on understanding underlying concepts (Osborne, 1990; Tobias, 1992).

Based on the findings of this study, two actions are suggested. First, the purposes
of all problem tasks should be made explicit. When tasks are being attempted in
the classroom, all participants should have a shared view on their role and value.
In this study, there appeared to be a lack of communication of purposes in the
classroom. Contributing to this was the fact that the problem tasks were not
clearly labelled either with an explicit label or through their structure that they
were for conceptual development, for developing procedures or for assessing
understanding, among other roles.

For example, where traditional problem tasks are used e.g. pulley problems, their
purpose should be made clear i.e. as an example of how fundamental laws remain
applicable even as situations become more complex, in this case moving from one
body to two connected bodies. The label will cue the students that this problem
task is illustrating the power of general scientific principles to deal with a wide
variety of situations. However, it is not suggested that students spend time
practising how to solve large numbers of similar problem tasks. This would once
again provide an implicit label that the procedure was important rather than the
concept.

Secondly, we need to design instructional tasks that are concerned with the
qualitative aspects of sense-making and problem solving. This study has shown
that the majority of problem tasks used were of low conceptual demand, with an
emphasis on quantitative aspects of problem solving rather than focusing on
qualitative reasoning and conceptual development. Current research indicates that
if certain strategies are implemented, we can use problem tasks to develop
students’ conceptual understanding (Heller & Hollabaugh, 1992; van Heuvelen,
1992). For example, we know that a well-organised knowledge base is a
prerequisite for solving difficult problems (Larkin, 1980). To develop this
knowledge base, Van Heuvelen (1991b) has shown that it should be constructed on
a foundation of qualitative understandings. However, the present study has shown
that qualitative types of question, which could develop and strengthen the
knowledge base, are seldom asked. Consequently, we need to design and use tasks
based on the range of instructional strategies which research has shown to be
effective. These strategies are dealt with in detail in a number of sources e.g.
Hobden (1995) and Leonard (1996). Three examples of such strategies are outlined
below.

Structured questions: Johsua ( 1991) recommends the intensive study of a single
highly rich situation. Schuster (1993) does this by expanding the appropriate
traditional problem task into a comprehensive problem situation with a carefully
structured set of questions to promote understanding of the entire situation, while
at the same time explicitly addressing different facets of understanding and
problem solving. Leonard (1996) suggests a similar process but labels these
“extended context” questions.

Multiple representations: Students should be encouraged to use multiple
representations such as qualitative descriptions and diagrams together with
mathematical representations when solving problems (van Heuvelen, 1992). The
tasks should ask students to describe both qualitative and quantitative knovrledge
about a system. The emphasis must be shifted from numerical answers to making
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sense of the problem situation through progressively more detailed
representations. '

Goal free problem tasks: Students should be given non-specific goals such as to find
out all they can about a situation (Sweller, 1984) rather than a specific task such
as to find the acceleration. This encourages them to bring all their knowledge to
bear on the situation. It helps them learn to access their knowledge base and
recognise their current strengths and limitations. It encourages open-ended and
creative thinking.

It is my contention that these suggestions would represent the start of the process
to transform pedagogically limiting routine problem tasks into learning experiences
that begin to fit with our goals.

8.3.3  Problem contexts

While the above strategies will begin to transform the tasks given to students, we
‘also need to transform some of the problem situations themselves. The study shows
that many students find the problem tasks irrelevant and the whole experience of
school science boring. Examination of the problem situations showed why this was
the case. The majority of tasks were formulated using skeletal or stripped
situations. These situations do not always provide opportunities for the classroom
science knowledge to be transformed to cohere with the students' beliefs or to their
actions in the world outside (Tobin, 1996). In addition, other studies (see Gunstone,
1998) have the consistent message that knowledge learned separate from any
context is “knowledge that students often cannot or choose not to apply to interpret
contexts” (p.115). The implications are that unless we change the problem
situations, students will continue to find the science they are learning isolated from
their everyday experience. They will continue to show little interest in science and
find what they learn of little value.

A two-fold approach is suggested. Firstly, problem tasks should be embedded in the
natural world. Because physical science involves the study of the natural world and
the search for explanations about natural phenomena, it makes sense to start with
relevant situations and problems from reality. These “real” situations could then be
used as a point of departure for teaching the concepts of the curriculum. It is
acknowledged that many real-world situations might be too difficult and complex
to use readily for introductory students. However, part of understanding science
and successful problem solving involves taking situations and stripping them down
to their essence. Using these situations would provide an opportunity to develop
this skill, which is missing from current practice.

Secondly, we should choose those situations which are relevant or of interest to the
students. This will involve us in investigating students' contexts outside the school
and developing problem tasks using contexts that match their life experiences.
This could involve encouraging students to bring their everyday contexts to the
classroom and, collaboratively with the teacher, construct problem situations that
touch their lives. It makes sense that students will learn things more effectively

and permanently if they can make connections between them and other things
with which they are familiar.

'If these suggested problem tasks are embedded in the natural world and
Interesting to teenagers and are explicitly labelled so that the students know what
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their purposes are, they can become points of leverage in changing the type of
science education students experience. To implement these suggestions, further
research is required into potential situations that students find interesting, and at
the same time are appropriate for our curricular goals.

8.3.4  Beliefs about instruction.

It is unlikely that student learning or enthusiasm for science will improve if the
problem tasks and contexts alone are reformed. There also has to be a concomitant
focus on the learning processes and delivery systems (Coleman, Holcomb, &
Rigden, 1998). Susan and Jack’s instructional beliefs are consistent with a
transmission epistemology (Tobin & Tippins, 1993). They plan teaching so that
they have control of the classroom discourse and are able to provide many teacher
explanations. Uncritical beliefs in the effectiveness of such instructional strategies
are prevalent, and are not only a finding of the current study. The implication of
this is that, unless we can change the way teachers organise teaching and
learning, the other changes that are recommended will be ineffectual.

It will be difficult to convince teachers of the need to change. They are not likely to
be convinced by calls for change for a number of reasons. First, it is their
traditional practice and appears to be an effective way for them in their contexts. It
is also unlikely that they have experience with other instructional practices.
Secondly, teachers are faced with dilemmas and find teaching a conflict filled
situation that requires choices for competing values (Lampert, 1985). Their
practices are constrained and shaped by the structures and traditions of secondary
schooling. Consequently, their current actions make sense to them within the
present constraints. Thirdly, the students and community provide implicit support
for their prevailing practices.

Two courses of action are suggested, both of which require dialogue with teachers.
The first action is to reach a consensus about the most appropriate goals for science
education, and make these explicit. It is only then that a meaningful dialogue with
teachers, about what counts as successful instruction (Brickhouse, 1993) can occur.
Teachers need to agree on the goals and purposes of the science they teach. For
example, if the ability to do routine problem tasks is valued as a goal, then
teachers could consider their instructional practices as being relatively successful.
However, if higher order skills are valued, then the practices are not successful.

Secondly, we need to reconsider the role of direct verbal instruction and
explanations in the classroom. Professional development programmes are needed
to assist teachers in examining and reflecting upon the implications of this study
and other research evidence. In the process, the tacit assumptions guiding their
practice will be revealed, and they may come to question the rationale for their
practices rather than take them for granted (Briscoe, 1992). During the change
process, support is needed to maintain their feelings of efficacy, so that when under
the continued pressure of external constraints, e.g. community or student
expectations, they will not return to their current mode of teaching.

8.3.5 Didactical contract

Even if teachers are convinced by our arguments to introduce new types of problem
task and change their instructional practices, we cannot necessarily expect student
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experiences or classroom practices to change. Earlier it was seen that student
beliefs and expectations about instruction were very similar to those of their
teachers. Unless students also change their beliefs about learning, they would
resist innovations and thwart teachers' attempts to change.

Because student understandings of the didactical contract are critical, it is my
belief that the reconstruction of the didactical contract is also key to bringing about
change. For example in this study, the students knew that the explanations were
the strategies teachers used to “teach” them how to solve the problem tasks they
needed to pass the high stakes examination. Their understanding was that the
teacher would provide a detailed explanation and ask questions to make sure they
were paying attention. They responded practically, by make efforts to be attentive
and make sense of the explanations, responding when called upon to answer any
questions asked by the teacher and practise the problem tasks. Given the belief in
the authority of the teacher and in the expected roles, they did not question the
nature of the science they were learning, or the control exerted over the instruction
by the teacher, even when it appeared to be difficult for them to learn. For them,
the implicit understanding was that these instructional strategies would result in
them passing the high stakes examinations. For the vast majority of students in
the study, this was the case. They explained their degree of success in the
examination on their level of hard work. From their perspective, this contract was
successful.

From our perspective their acceptance of this particular didactical contract is
problematic and will act as a barrier to bringing about fundamental change in
learning. The students’ interpretation of the didactical contract results in a flawed
understanding of their role as learners. Students do not understand that
competent performance depends on reasonable strategies rather than simply on
natural ability. The teachers and students do not seem to know what is required
for good problem-solving performance. For example (Linder & Hillhouse, 1996),
reported that some physics students perceived understanding in terms of being
able to solve end-of-chapter style problem tasks. Both teachers and students
require a more sophisticated conception of understanding and problem solving
which emphasises the ability to use knowledge flexibly in diverse situations (Reif,
1984).

We need to work with students to elucidate and change this and make beliefs and
intentions explicit. They need to come to understand that the classroom is a place
where you do something rather than have something done to you. Students should
be given the means to take control of their own learning and be convinced of the
need to accept responsibility for their learning. They must learn how to access and
check their knowledge. Students need to think about what they know, what they
do not know, and what they need to know in order to complete a task (Holliday,
1992). In addition, teachers and others need to listen to the students articulating
their understandings of what it means to do science and do so in an honest and
responsive way. They need to listen to individual students and develop a level of
personal relationship with them and create a more supportive classroom

atmosphere. In this way, a more flexible and dynamic didactical contract can be
constructed.

S(?me work associated with the changing of the didactical contracts has started (see
Hlldgbrand, 1999). However, bringing about the renegotiation of contracts will
require further research on how to make a didactical contract explicit. In addition,
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research would be needed to isolate the critical factors involved in the didactical
contracts in different classroom environments. ‘

8.3.6 Examinations as a leverage point.

This study indicates that the final senior certificate examination exerts a powerful
focusing influence on the classroom environment, the instructional activities and
on the problem tasks chosen. There are many consequences of this. For example,
students accept instrumental understanding of the science rather than relational
understanding (Skemp, 1978), as long as it helps them pass their examinations.
Overall, the influence of the examination on the quality of the science education
appeared to be negative. Given that examinations are powerful tools to influence
the implemented curriculum, they could be used as a positive force to bring about
desirable change. I suspect that even if a new curriculum framework were
introduced, the chances of it changing practices would be low, except if external
tests reinforced it. By changing the types of problem tasks on the examination, and
including those that promote the types of thinking and learning we value, we
would legitimise the new curriculum tasks and they would become a part of normal
classroom practice. In this way, we will be using the examinations as a lever for
positive change.

Current assessment in tests and examinations involves only a small portion of the
range of skills and perspectives associated with science education (Hammer, 1989).
Consequently, we need to develop forms of assessment that are more suited tc the
nature of the abilities we seek to teach, and which would encourage a variety of
classroom activities, not only the solving of numerical problem tasks. We should
assess students’ ability to provide coherent scientific explanations for phenomena,
ability to provide clearly reasoned problem solutions to novel problem tasks and
ability to use investigative skills.

8.4 FINAL WORDS

There is little value in having published curricula which are difficult for the
teacher to implement and are never experienced by the students as originally
intended by curriculum planners. In the end, what really matters is the
experienced curriculum. Consequently, if we want to inform our attempts at
changing classroom practice and move toward using a range of sense-making
teaching strategies, we should not undervalue student voices. We should pay
attention to what the students are saying explicitly and implicitly.

This study started in the classroom and I propose to close by bringing student voice
back in focus with a short vignette. During the first few weeks of my classroom
observation I gave the students a questionnaire in which I asked them to describe
their feeling about what happens in science class. As usual, I informed the class
that they were not obliged to write anything on their questionnaire. One student
Mare, picked up the page, wrote something quickly, folded his arms and laid his
head on the desk. After a minute or two, he sat up and wrote again. What follows

are his comments:
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I respectfully decline from writing anything.

Actually, I have changed my mind.

I believe school, as it has with all other subjects, has managed to destroy all
the interest that is inherent in science - it is, after all, man’s attempt at
understanding the world around him. But this 'specialness’ is lost in boring
classroom routine, irrelevant trick questions and such like.

Marc achieved in the top twenty students (out of 150), obtaining over sixty percent
for physical science in the matric examination and an overall aggregate of seventy
percent. Marc was a “good” student. He was one of the consumers of science
education. It is from students like him that we will need to produce the science
teachers and scientists of the future. It would be negligent to continue with current
practice and ignore the messages that this study shows that Marc and other
students are sending us.
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APPENDICES

Concept map representing main areas of research associated with
problems

1. Introduction to Natal Education Department syllabus

2. Excerpt from syllabus: Bodies in motion

1 Structured questionnaire

2 Analysis of questionnaire

Lesson transcript of Jack explaining

Lesson transcript of Susan using direct teaching

A set of “Pulley” problem tasks

Examples of problem tasks that became routine
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APPENDIX Bl INTRODUCTION TO REGIONAL EDUCATION
DEPARTMENT CURRICULUM

PHYSICAL SCIENCE (HIGHER GRADE AND STANDARD GRADE) STANDARDS 9
AND 10

INTRODUCTION

AIMS
A few general or broad aims of Physical Science teaching are the following:
e to provide pupils with the necessary subject knowledge and
comprehension, i.e. knowledge of the subject as science and as technology;
e to develop in pupils the necessary skills, techniques and methods of
science, such as-handling of certain apparatus, the techniques of
‘measuring;etc.;
e to develop in pupils the desirable scientific attitudes, such as interest in
natural phenomena, desire for knowledge, critical thinking, etc.;
e tointroduce pupils to the scientific explanation of phenomena;
e to introduce pupils to the use of scientific language and terminology;
e to introduce pupils.to the applications of science in industry and in
everyday life; B
e to help pupils obtain perspective in life, for example to develop a reverence
for the Creator and an esteem for the wonders of the created universe
through contact with the subject matter.

It is left open to the teacher to specify the objectives for each topic and lesson. This
implies that the specific objectives are related to specific subject matter, methods
and evaluation.

GENERAL REMARKS

In teaching the syllabus it will be necessary to make use of simplifications. The
simplifications, however, must not be such that pupils are left with serious
misconceptions. Where conceptual models are used to simplify the explanation of
certain phenomena (e.g. Rutherford’s model of the atom) it must be made clear that
these are models and, as such, are not intended to serve as fully acceptable
scientific explanations.

SI units and IUPAC nomenclature must be used throughout.

SYLLABUS CONTENT

This syllabus is for HG and SG pupils.

Certain requirements are for HG only. These are indicated by the use of bold
face type.

The syllabus for Std 9 consists of a compulsory core plus two optional units, which
may include either A and/or B or other units of comparable length. Such options
should be inserted in the syllabus at appropriate places and must be approved by

the Subject Adviser.
There are no optional units in the syllabus for Std 10.

EXAMINATIONS
Separate final examination papers will be set for HG and SG in STD’s 9 and 10.

Standard 9 will be examined internally.
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The external examination in Standard 10 will be set on the syllabus for Standard
10 as well as sections 1, 2, 7 and 8 of the syllabus for Standard 9, excluding the
options.

The length of the Standard 10 examination may not be less than 3 hours.

The same number of marks will be allotted to physics and chemistry in the final
Std 10 examination.

Not more than one third of the total marks for the Std 10 examination shall be
allocated to questions of the multiple choice type.

It will not be required of candidates to memorise numerical constants or the whole
of the Periodic Table. In the examination an approved Periodic Table and
information sheets will be provided where needed. No formulas which are
statements of definitions or laws, will, however, be supplied.

PRACTICAL WORK

Physical Science is an experimental science. The syllabus gives ample scope for
experimental work carried out by the pupils themselves. The main aims of such
experimental work are the following:

To help pupils understand the fundamental role played by experiment and
observation in establishing and extending the body of scientific knowledge.

e to facilitate the learning and understanding of facts and principles;

e to give pupils opportunities of making simple “discoveries” of their own;

e to provide experience of elementary measuring techniques, and
acquaintance with some of the measuring instruments in common use;

e to give practice in the recording and treatment of observations, the
drawing of appropriate conclusions and the presentation of results (in this
connection, it is expected that pupils will gain some appreciation of what is
meant by “significant figures” in recording scientific observations, and of
the importance of specifying limits of accuracy).

(Aims 1.5.1.1 and 1.5.1.2. can be achieved by treating experimental work by pupils
as an integral part of the course, e.g. by introducing fundamental principles or
important extensions or applications of these by experiments carried out by the
pupils themselves. Aim 1.5.1.3 can also be achieved in this way, and by the
provision of opportunities to carry out simple open-ended experiments.)

NOTE:

Experiments marked T should be carried out by the teacher and those marked P or
E by the pupils.
Experiments marked E are examinable.
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APPENDIX B2 EXTRACT FROM SYLLABUS: BODIES IN MOTION

CONTENT

4.1

4.1.1

4.1.2

4.1.3

414

4.1.5

4.1.6

Bodies in motion
(no calculations involving motion on an inclined plane)

Newton’s First Law of Motion
Recall earlier concept of force as ‘push’ or ‘pull’ causing a change in motion.
Introduction of the concept of intertia.

Newton’s Second Law of Motion

The identification of forces acting on an object in a given situation, e.g. a body
suspended by a string.

A constant force produces a constant acceleration. Equal forces produce equal
accelerations of the same mass.

The force exterted on a given mass is proportional to the acceleration it produces.

F
The ratio 7 is a constant for a given body and is defined as the mass of that body
~.F=ma.
Newton’s Third Law of Motion
If a body A exert a force on body B, then body B exerts an equal and opposite force
on body A

Application to simple cases e.g. walking, pressing against a wall, rocket.
Exclude more difficult cases e.g. horse pulling a cart.

Newton’s Law of Universal Gravitation

G
The universal aspect of graviational attraction F mé
-
Falling bodies; gravitational acceleration (g) ; equations of motion (see std 9 syllabus
section 2) applied to free fall: weight = mass x gravitational acceleration

Projectile motion (limited to vertical projection).

Momentum

Momentum as a vector quantity.

Principle of conservation of momentum

Convervation of momentum in straight line conditions (i.e. no oblique collisions).
Change of momentum experienced by an object in a collision e.g. a ball against a
wall

Impulse = F At =m (Av) derived from Newton’s second law (limited to constart

mass)

Force as the rate of change of momentum

Work, Energy, Power

Revision of work, energy and power and the units in which they are measured.
Derivation of kinetic energy = % m’® and gravitational potential energy = mgh.
Conservation of mechanical energy : kinetic energy + potential energy is constant
for a freely falling body. Principle of conservation of energy
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OBJECTIVES

1. Knowledge
(1) define : inertia, force, the newton, momentum, impulse, work, energy,

power, weight:
(ii) State:
(a) the symbols and SI units of the above:
(b) Newton’s laws of motion (1,2 and 3); law of universal gravitation, the
law of conservation of momentum, the law of conservation of energy;

(iii) list the formulae : F=ma, (w=mg)

F=Gm‘—2m7, p=mv, FAt=m( Av),
,
(F=KA_[m—u), Ek=%mv?, Ep=mgh, W=Fs,
P=¥, as well as : v=%, v =u = at,
s=ut + % at?, vZ = u2+ 2as;

2. Understanding
Pupils should be able to:

(1) Interepret:

(a) the formulae in 1. (iii) above;

(b) the laws in 1, (ii) above;
(i) perform calculations using the equations in 1. (iii) above;
(iii) contrast : mass and weight; g and G; elastic and inelastic collisions;
(iv) describe : energy transformations;
(vi) derive : the formula F.A t = m. Av;
(vii)prove that:

(a) force = rate of change of momentum;

(b) the kinetic + the gravitational potential energy of a freely falling
body is constant

3. Higher abilities

Pupils should be able to apply some of the above in unfamiliar situations.

Time allocation : * 30 periods
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APPENDIX C1 STRUCTURED QUESTIONNAIRE

Statements on Problem solving in school science.

The word "problem" is used in these statements. It refers here to those probleras,
and exercises you did this year in class , for homework and in tests. Also included
are the examples and worked problems done by the teacher. If you are unclear
about the meaning of any statement then please indicate this on the back of this
sheet where space has been provided for your comments.

Circle the response which best represents your response to the statement
Strongly agree 1, agree 2, undecided 3, disagree 4, strongly disagree 5

RESPONSE
Strongly Strongly
ST_A TEMENT Agree Undecided Disagree
1 Reading and studying my notes helps me to 1 2 3 4 5
successfully solve problems.
2 Learning how to solve the science problems I did this 1 2 3 4 5
year will be a useful life skill.
3 Solving problems makes the subject more relevant to 1 2 3 4 5
me..
4 The majority of problems we do only have one 1 2 3 4 5
acceptable way of solving them.
5 I associate problems with applying formula and 1 2 3 4 5
algebraic procedures.
6 Studying my notes will be more valuable than solving 1 2 3 4 5

problems for obtaining a good mark in the
matriculation examination.

7 I solve many problems successfully without 1 2 3 4 5
understanding the science theory , principles or
concepts involved.

8 I find the problems we do in science class related to 1 2 3 4 5
real life situations.

9 The majority of problems we do have only one correct 1 2 3 4 5
answer.
10 | Doing science problems improves my problem solving 1 2 3 4 5

skills in other subjects.

11 | Ilearn "off-by-heart” how to solve particular type 1 2 3 4 5
problems expected in the examinations.

12 | My success at solving problems is taken as the main 1 2 3 4 5
indicator of of my understanding school science.

13 | 1 find the problems we do in science class unrealistic. 1 2 3 4 5
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14

Solving problems uncovers my misunderstandings of
physics theory/concepts/principles.

15

Solving problems mostly involves matching previously
done problem solutions with the current problem you
have to solve.

16

Most problems require me to engage in equation
manipulation.

17

I find chemistry problems more difficult than physics
ones.

18

Problem solving helps me to recognise how science
concepts appear in real-world situations.

19

Solving problems mostly involves matching a formula
to the situation.

20

I find the problems in science interesting.

21

Discussing how to solve a science problem with a
friend is valuable to me.

22

Problems I do are mostly numerical or arithmetical in
nature.

23

The problems I do give me skills to solve problems I
encounter in life outside school.

24

Solving problems builds understanding of science
theory i.e. concepts, laws and principles.

25

Watching the teacher "go over” or "work out" a problem
solution is valuable to me.

26

I obtain the correct answers to some problems without
understanding the theory/principle.

27

The problems we do are open ended and a variety of
answers are acceptable.

28

I find chemistry problems more relevant to real life
than physics problems.

29

Learning to solve particular types of problem is the
primary goal of school science.

30

Doing science problems improves my problem solving
skills for everyday life experiences.

31

The majority of problems can be solved by the straight
forward application of a single principle (or formula).

32

What I have learnt from doing science problems will
assist me in the future.
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APPENDIX D
A PROBLEM TASK
Mr. J: Right where did we kick off ?
S1 57
Mr.J: 57... [58]..eeeene OK, piece of cake ...... 57
[3s]
Mr.J: No, not such a piece of cake, because, its not

Mr. J:

Ss
Mr. J:

SJames

MR.J:

dealing with 0,5 in terms of sine 30 ....... [8s]

Right, ... what force acting at 30° to horizontal
will accelerate a 50 kg crate 50 kg .... over a
rough horizontal surface at 2 ms -2 if a constant
20 N frictional force is present acting on the
crate. Well, let me tell you a 50 kg crate and
you’ve got a constant frictional force of 20 N -
that’s not a particularly large force for a 50
kaygees being pulled across a rough surface.
However, that does not matter.

So we have a resultant force of 20 N. Sorry, my
apologies, a frictional force of 20 N acting in the
opposite direction......Aaaah .... oh . OK... right
....... Now.... force equals mass times
acceleration, and the question asks ... What
force acting at 30°. Now ... [4s]

The force that we have to work out initially, is
the force that acts in the direction of
movement. Now we haven’t got onto this in the
past ..... Now this box accelerates that way, as a
result of the horizontal component of that force.
So once we know the horizontal component of
that force, we can then work out that force by
simple trig.

So we want to find the horizontal component.
So lets find force resultant first of all.

Now the force resultant that accelerates 50 kg
at 2 ms? equals.....2.

299999972

2 equals 100 N. Now that is the force
resultant. Therefore, the horizontal component
equals... hands up....... James, Yes?

120
Very good, James. Now, it is 20 against the
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TRANSCRIPT OF JACK EXPLAINING HOW TO SOLVE

All the students appear
attentive.

Student calls out

Jack refers to his worksheet
of problems. Pupils open
files and exercise books, and
turn to homework

Refers to his list of problems
and draws crate in silence.
Background murmur from
students talking.

50 kg

Reads problem out to class
most of whom have their
heads down reading or
looking at their homework
or the list of problems.

Writes on board
F=ma

Points to diag & illustrates
directions.

Not all students are
watching. Some are looking
at their books.

Labels diagram
Writes =50 x 2

Indecipherable chorus
=100 N Immediately

points at James whose hand
was first up

Writes



42

49

51

53

55

61

65

73

76

79

Mr.J:
Ss

Mr.J:
S3

SJ ames

Mr.J:
S2
Mr.J:
Ss
Mr.J:
52

Mr.J:

Mr.dJ:

STony
Mr.dJ:

Ss
Mr.J:
Ss
Mr.dJ:

Ss
Mr.dJ:

direction, the horizontal force has to be 100
plus 20 which is 120 N.

Lets draw a quick little diagram here.....
(98] e,

F equals?
138,5 (chorus)

Lets put in a step

cos 30
120
120 over H
120
cos 30 = —
H
Guys just give me ..
120 over horizontal ............_... Sorry sir
Does it come to about 145
138
138
138,5

139 Newtons. Wrong, hands up.......
Stand up if you got it wrong......
Sit down if your error was purely a trig error...

Guys, matric hay!
Simple solving of triangles ... standard 8 work.
Sit down if you subtracted the 20.

Careless error? Do you understand why you
got to add. Ifyou don't',... say so now..... Tony?
You looking doubtful.

I don’t understand why ....

You don‘t understand? [3s] ............ Now ...
watch this. Hands off the desk. Now watch .. I
am going to put my finger on the disk and I am
going to pull the desk. Observe, I am now
pulling on the desk. I am actually pulling on
the desk with a force greater than 20 N.
Wallah! What’s happening to the desk?
Nothing

Very good

Why not?

2222220772772

I am not overcoming friction. So what must I
overcome before that is going to start moving?
(indecipherable murmur)

In this instance 20 N... so I have got to have 20

196

. Horiz. =100 + 20

A

120

Number of pupils stait to
call out

Students call out different
answers

James calls out

T sighs breathes deeply

Chorus
Writes on board

120
F= =139N

cos 30
Puts chalk down and speaks
to class. Hands are raised.
About 10-12 students stand
up. Majority sit down
Pupils laugh

Couple sit down leaving one
or two still standing.
Emphasis on understand

Refers to student still
standing.

Interrupts pupil

Uses front student desk to
demonstrate by attempting
to pull it along the flcor
with one finger. It does not
move.

One or two shout out.
Sarcastic laughs from
students

(General murmur of
responses indecipherable)

Makes the desk move.



STony
87 Mr.J:

S’I‘om
96 Mr.J:

S?
118 Mr.Jd:

N before it starts moving and any force over
and above that 20 N will now accelerate it.
Happy? So if I am accelerating it with a 40 N
force, the total force I've got to exert, is 60
Newtons. Now look at that... the diagram, are
you happy in your own mind ?.

(nods,)

Sure? ...... [10S].ceecieeeeeeie i

Bear in mind that if this was not the case,
anything that was not nailed down , the desks
in this classroom.... would be filled with, aah....
this classroom would be filled with desks that
acted like dodgem cars running all over the
place, OK ?

Sir, has friction got to do with the amount of
area the mass is placed on?

I always dislike it when somebody like you asks
me a question that I am not 100% certain.
Uumm.... [5s] I must actually refer that to

Mr B. Now ..... the ...... I am going to come
back to you on that one ..........

The question asked is " Does friction depended
on the surface area? " .. There are a number of
factors that come into play here .. it is obviously
dependent on the nature of the surface area,....
how rough the surface is,.... and its .. the
question asks " Is it dependent on the size of
that surface?" .. and the other factor that was
not asked .. "Is friction influenced by the load
that is placed on it?". So if I am pulling a sled,
one of those we had last year, with the oxen
pulling the piece of wood in Transkei, greatest
machines for causing soil erosion, ....um.... if
you put a large load does the friction increase?
If the sled has got a small surface area in
contact with the road does the friction increase
or doesn’t it?

Yes

And I will come back to you on that tomorrow.
Good question.

Any further questions on No. 57? ...... 587 A
8000 kg car pulls a 500 kg caravan so that it
accelerates uniformly,... it is obviously the car
and the caravan, ....accelerates uniformly to 10
ms! in four seconds. Calculate the

accelerating force a.... equals v minus u over t
which comes to?.......

197

Points to board

murmur from others

Tom puts up his hand and
asks question without
waiting forJacks
permission.

Talks to student. General
rustling in class as students

Bell rings for end of first
period

Refers to question from last
years examination paper.

Student response is ignored

Reads from the list of

questions.
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TRANSCRIPT OF SUSAN USING DIRECT TEACHING

This extract describes Susan introducing a new section to the class dealing with the
topic of Newton's laws. She has just completed a section. She was sitting on a front
desk and talking to the class who are nearly all attentive..

Mrs. Smith:

Are there any questions about Newton’s first law

[There are no comments from the students]

Mrs. Smith:

Frances:
Mrs. Smith:

Student
Mrs. Smith:

Frances

Mrs. Smith:

Students
Mrs. Smith:
Student
Mrs. Smith:

Student
Mrs. Smith:
Students

Right, also known as the law of inertia ...... because it starts an object
moving and stops an object moving.

How do you spell inertia?

Inertia [spells it out for her)

Right Newton’s second law is a quantitative law ..... In other words it
involves calculations ..... quantitative. ................... If you apply
force, objects...sorry I am going to repeat. If you apply a resultant
force the object must accelerate. What is going to determine the
magnitude of that acceleration?

The degree of the force

The size of the force and what else is going to affect the size of the

[She gets no response so goes to the board and draws two circles
representing two objects.]

If I had two identical objects, one made of iron and one made of plastic
and | applied the same force to each of them. What is going to
happen?

The one is going to go shorter distance and the one is going to go
further.

Right. Not necessarily distance. OK. Depends for how long the force
has been applied. One is going to accelerate with a high acceleration
and one is going to accelerate with a low acceleration. Which one is
going to have the lower acceleration?

Iron one [Chorus of answers]

Inertia

or inertia. Yes, OK inertia is mentioned but I don’t want to get into
that. Right. The greater inertia something has, usually the greater
mass it has. I actually don’t want to get into that. Lets just look at the
second law. Right, Newton’s second law....

[Goes to board and writes F =m a Some students start to copy
down the equation and the definition as she dictates it to them.]

The greater the force, the greater the acceleration if the mass remains
constant. Secondly, the greater the mass, if you apply the same force,
to two masses then the mass with the lowest mass is going to
accelerate more. And Newton’s second law. ...

[tape change so missing two or three seconds of dialogue]

...we are going to do a practical to verify it using trolleys and elastic
bands and things...but we will only do that experiment next week.
Will we have to know the actual wording of the law?

In the exam

lindecipherable comments and questions from a few students shouting
out at the same time.]



Mrs. Smith:

Frances
Student

Mrs. Smith:

Frances

Mrs. Smith:

Students

Mrs. Smith:

Mrs. Smith:

199

In fact, with Newton’s second law, they usually.....you are just
involved in calculations. Standard tens. Newton’s law as I have said,
is a calculations quantitative law involving also the equations of
motion. Because what usually happens, you are asked to calculate,
for example, force if you are given the initial velocity, final velocity
and time. Then you would calculate the acceleration, you would be
given the mass and you would calculate the force. OK.

Please could you repeat the law.
[indecipherable question to teacher.]

No...unless it was in a prac exam...not in a normal exam. Another
situation that they can give you. They can give you the force, they can
give you mass and they can give you the initial velocity of something
and ask you to find the final velocity. ...... What you would have to do
in that instance, is to first use Newton’s second law to find the
acceleration and then use that acceleration in further calculations.

So these calculations involving Newton’s second law are very much ...
very closely linked to the equations of motion. Right are there any
questions.

Can you repeat the second law.

[Ignores request from Frances]

And so because it is linked to equations of motion Std 10s we will have
to do worksheets on them.

Ahh, no [variety of groans and comments from students]

So in your classwork book, we have a worksheet on Newton’s second
law and of course the equations of motion.

[Proceeds to hand out worksheets.]

One of these questions involves friction. I want you to try the question
on friction on your own first. And then I will discuss it with you. I

want you to try and use your imaginations, your own knowledge of
friction to solve the problem.

[Students start working on problems. The answers to each
problem task were on the bottom of the worksheet. The first few
were stmple applications of the formula “F = ma” and many
students comments about how easy these problem tasks were “I
Jjust wrote F = ma” ]
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APPENDIX F SET OF "PULLEY" PROBLEM TASKS

Textbook Problem

The two blocks shown are on a frictionless horizontal surface. They are joined by a light
string. A force is applied as shown.
a) Calculate the acceleration of 60N
the blocks okg | 7 ’——-
b) Caleculate the force exerted [ K9
by the string on the 5kg block.

Worksheet (Contained 10 problems similar to these)

Find the acceleration. 1) Find the acceleration.
ii) Find the tension at X & Y.

Y X
. 3kg kg
kg
7kg
[ ] 8 kg 6 kg
March Test 1 X Y 7
3 kg 1 kg 3 kg

If the pulley is frictionless and each trolley

experiences a frictional force of 2N when

moving then determine the tensions in the

strings at X, Y and Z. 2 kg
March Test 2 _

30N

Two bodies A and B on a frictionless 3 lg 2 lg ___%

surface are joined by a light string as

showing the diagram. The system is

accelerated to the right by a 30N force A B
acting on body B.

Calculate:

A) the magnitude of the force which the string exerts on body A; and
B) the resultant force acting on body B.




Internal Test
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4 kg

S5kg

Three trolleys are joined together as shown in the above situation. Each trolley has 4 N friction

when moving.

Determine the tension at points X, Y and Z.

June Test

In the pulley system shown,
the pulleys are friction free
whilst both the 4kg blocks
experience 5N of friction
each with the table top.

Calculate: m

1) the acceleration of the
system
i) tension T

iii) tension To

T1 T2
4 kg 4 kg

2 kg

Final Matric Exam

In the system shown above the two connected trolleys of 8kg and 6kg stand on a frictionless
surface. The 8 kg trolley is connected by a string passing over a frictionless pulley to an
unknown mass m. The system can move freely, tension in string S is 7,5N.

Calculate:

1) Acceleration produced.

1) Magnitude of mass m.

iii) Consider the pulley:
If it had significant mass how
would it affect the answer to
(1). Explain.

(m

S
(J 8kg 6kg




202

Appendix G Examples of problem tasks that became routine

1. Momentum (Worksheet)

Car A of mass 800 kg moving at 25 m.s ™! has a head-on collision with a 1800
kg truck moving at 15 m.s™.. The vehicles become entangled on collision.
What is the velocity of the wreckage. (7

2. Titrations (Examination paper)

4,4 g Sodium Hydroxide, NaOH, is dissolved in water to make up 500 m/ (0,5 dm?) of
a standard solution.

Calculate:
a) the concentration of this standard solution; and (4)
b) the pH of this standard solution. (2)

27,4 m/ of this standard solution is titrated against 24,5 m/ of oxalic acid, (COCH)e,
solution of unknown concentration.
¢) Give a balanced equation for this reaction. 3)
d) Calculate the concentration of the acid solution. (3)

3. Mechanics (Worksheet)

A girl and her bicycle have a combined mass of 60 kg.
She accelerates from rest at 2 m.s™ for 4 s and then free wheels for another 6s.
Ignoring friction calculate:

a) the distance covered while accelerating 3)
b) the total distance covered in 10 s (5)
¢) the resultant force which produced the acceleration (3)
d) the kinetic energy of the girl and the bicycle after the 4 s of acceleration (3)
e) the work done by the girl during the 10 s trip (2)

4. Electricity (Matric examination)

In the circuit diagram shown, the voltmeter reads ﬁ

6V when switch S is open. When switch S is closed, i) Jefrj—

the voltmeter gives a reading of 5 V. Calculate the |

internal resistance of the battery. ‘
|
|

(6)

5. Solutions (Matric Examination)

19 g MgClz and 36 g MgSOs are mixed together and dissolved in water to make up

2 dm? of solution.
What is the concentration of magnesium ions in the solution? (6)
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