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ABSTRACT

This thesis is an exploration of Advanced Level chemistry students’ approaches to
investigations in the Zimbabwean educational context. In this study, students’ approaches are
viewed from two theoretical perspectives, learning and designing. The participants’ responses
were used to categorise students by approach and to understand why specific approaches were

predominant.

A pragmatic approach was adopted for this study based on the belief that multiple sources
of data would lead to a deeper understanding of the research problem. A quasi-parallel
convergent mixed-methods design was used. Data was collected from 50 students through survey
and semi-structured questionnaires before purposively selecting 32 of them to participate in eight
focus group discussions. Classroom observations were used to augment the qualitative data from
the semi-structured questionnaires and focus group discussions. Part of the qualitative data from
the semi-structured questionnaires and focus group discussions was transformed to compliment
the quantitative data from the survey questionnaire. The quantitative data was subjected to
descriptive statistical analysis while the textual qualitative data was analysed through coding,

categorisation, identifying patterns and drawing assertions.

Four main assertions were drawn from the data to provide answers to the research
questions. The predominant approaches were strategic from a learning perspective and iterative
from a designing perspective. There was no common understanding of an investigation with
some students defining it in terms of scientific inquiry and others focusing on process skills.
Students’ approaches were found to be influenced by various contextual factors with success in
examinations dominating. By matching students’ approaches to investigations from the two
perspectives of learning and designing, new categories called hybrid approaches emerged. These
hybrid approaches were then characterised and it is envisaged that this will act as a springboard
for further research by science educators to enhance our understanding of students’ approaches
to investigations in similar contexts. The findings of this study are significant to high school
chemistry teachers, teacher educators, resource persons and curriculum developers who

endeavour to enhance the teaching and learning of Chemistry through investigations.
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CHAPTER 1
INTRODUCTION

The purpose of this study is to explore the approaches used by Advanced Level
Chemistry students when doing investigations. This covers the approaches in terms of learning as
well as the process of designing, planning and carrying out investigations in Chemistry. This
introductory chapter gives a brief outline of the study. In this chapter, | present an outline of the
rationale and purpose of the study. In addition, the research approach gives a synopsis of how the

study addresses the research questions.

1.1  Rationale of the Study

Doing investigations is one of the most challenging parts of practical work for Advanced
Level chemistry students (Wellington, 2000). This is confirmed by the Zimbabwe School
Examinations Council [ZIMSEC] (ZIMSEC, 2010, 2011, 2012a) in their examination reports
where they indicate that Advanced Level (A-Level) chemistry students do badly in
investigations. The literature reviewed also assert that a large proportion of teachers confess that
the most challenging part of a science curriculum is managing investigations (So, 2003). This is
worrying because the ability to design and carry out investigations is a critical part of chemistry
education. One of the major aims of contemporary chemistry education is to develop and
produce people who have the capacity to research, investigate and draw connections between
everyday life and scientific concepts, employ scientific methods in solving real life problems and
see the world through the lenses of scientists (Ozgelen, 2012). One way of achieving this is for
science educators to place greater emphasis on practical work that aims to develop higher order
skills in science students. To this end, investigations should be at the core of the practical work
done in schools (Woolnough & Allsop, 1985).

The investigative approach to teaching and learning science is very different from what
the researcher experienced during his high school days. Although investigations were part of the
broader science curriculum, the practical examination assessment tasks were of the recipe type.

The researcher’s graduation as a science teacher in 1996 coincided with major curriculum



changes in all the science subjects at Advanced Level. The ability to design and execute
investigations became an object of assessment. Through these assessment tasks, students
demonstrate their competence in various process skills. This component of practical work is
weighted at between 20 and 30% of the practical examination.

Investigations, in the Zimbabwean curriculum context, are practical activities where
students design and carry out an experiment on their own. The chemistry teachers usually decide
the investigation tasks to be done by the students. Since 1996, every examiner’s report has noted
a poor performance by students in this component of practical work as exemplified by the three
reports cited earlier (ZIMSEC, 2010, 2011, 2012a). In addition, during my ten years of practice
as an Advanced Level chemistry teacher and science resource person at provincial level, | had

first-hand experience of the performance of students in investigations.

Designing and carrying out investigations accords students an opportunity to appreciate
how experimental data underpinning much of our existing and accepted body of scientific
knowledge was acquired as well as strengthen their understanding of it (Kanari & Millar, 2004;
Millar, 2004, 2010). It is important for students to learn to design appropriate investigations to
gather data which satisfies specific questions. This can be accomplished by doing collections of
observations and measurements which are planned taking into account key aspects like accuracy,
validity, reliability, data analysis and interpretation to arrive at conclusions based on the
available data (Millar, 1997). If students leave high school without acquiring these skills, it
implies that they are missing a part of science and are ill prepared for higher education and
possibly professional work. In essence, it would mean a failure to satisfy the demands of one of
the broad aims of chemistry education, resulting in a shortage of skilled personnel in science and
engineering. A report by the Organisation for Economic Co-operation and Development (OECD)
highlights that the global demand for scientists and engineers is increasing exponentially while
there is a decrease in students pursuing science degrees (OECD, 2006). More recent studies in
have also reported a decline in student enrolments in science in the UK (E. Smith, 2011) and
Australia (Kennedy, Lyons, & Quinn, 2014). Meanwhile, Africa (and the world at large) needs
scientists who can solve its problems and improve the lives of its people. A case in point would
be inventing tractors that can run on water-based fuel cells, which would be ideal for poor

farmers in rural parts of Africa.



The intended learning outcomes in high school science curricula are increasingly
responding to marketplace expectations. High levels of mechanisation in today’s industrial world
have seen automated machines and robots drastically reducing the need for human labour in
menial occupations. The increased use of artificial intelligence compels modern professionals to
have better problem-solving skills to be employable as less routine jobs are on offer (Gijbels, van
de Watering, Dochy, & van de Bossche, 2005). Such problem-solving skills can be developed by

doing investigations.

The educational significance of determining students’ approaches to investigations from a
learning perspective is in its use in promoting an effective teaching approach, helping teachers to
monitor and increase their effectiveness in the classroom, singling out those students who are
underperforming as a result of unproductive learning strategies and determining the quality
learning experienced by students (Angus, 2004). An understanding of students’ approaches to
investigations can therefore help teachers to devise appropriate teaching strategies, monitor their
effectiveness as well as implement the necessary remedial interventions to assist
underperforming students and improve how they learn (Mogre & Amalba, 2015). Approaches to
investigations, in this study, refer to the nature of the relationship between the student, context
and task in learning science (Biggs, Kember, & Leung, 2001) as well as the underlying processes

and strategies used in designing and carrying out investigations.

1.2 The Aim of the Study

The aim of this study was to explore how Advanced Level Chemistry students approach
(design, plan and carryout) investigations. The approaches used by students are tied to the type
of learning (from investigations), their motives or intentions and their attitudes towards this
component of practical work (Cano, 2007). An understanding of the approaches used by the

students can be used to inform the teaching of Advanced Level Chemistry.

The study pursued the following objectives: to explore how students’ approach
investigations from a learning perspective; to explore how students’ approach investigations

from a designing perspective; to investigate students’ understandings of what investigations are



and to understand why students approach investigations the way they do. The key research

questions derived from these objectives are as follows:
1. How do students approach investigations from learning perspectives?
2. How do students approach investigations from designing perspectives?
3. What are the students’ understandings of investigations?
4. Why do students approach investigations the way they do?

The findings of this study are of significance to practising chemistry teachers who are
tasked with developing skills required to successfully design and carryout investigations in their
Advanced Level students, Education officers and Science Resource Persons who have the
responsibility of organizing in-service education programmes, curriculum material developers
who produce resources for chemistry teachers and students as well as informing science teacher

training programmes at tertiary level.

1.3 The Methodology

In this study a pragmatic approach to research was adopted in order to take advantage of
all methods deemed appropriate to collect data to satisfy the guiding research questions
(Creswell, 2013; Descombe, 2008; Mertens, 2010). A quasi parallel convergent mixed method
design was used to answer my research questions. In the absence of a design that would provide
relevant data to answer the research questions, the parallel convergent design (Creswell & Clark,
2011) was modified to incorporate aspects of a quasi- mixed design (Cohen, Manion, &
Morrison, 2011) in line with how the data was collected, analysed and interpreted. The partial
mixing of data done during this study (explained in detail in chapter three) resulted in describing
the design ‘quasi parallel convergent’. Data for this study were collected through a survey
questionnaire, a semi-structured interview, focus group interviews, document analysis and
classroom observations. The participants were a convenience sample of 50 sixth form Advanced
Level Chemistry students at two schools in their final high school year. While all 50 students

responded to the survey questionnaire, only 32 were selected for the focus group interviews.



1.4  Outline of the Thesis

This thesis is composed of seven chapters. Chapter two describes the context in which the
study is carried out, the Zimbabwean science curriculum context, with a special focus on the
Advanced Level Chemistry practical component. The next chapter gives a brief account of the
historical context of science practical work and the significant connections with the United
Kingdom chemistry education curriculum. A review of the relevant literature on investigations as
well as the theoretical framework on approaches to investigations is presented in subsequent

sections of the same chapter.

In chapter three, the research design employed in this study, which is derived from a
mixed method approach, is described and justified. In the same chapter, the researcher outlines
how data was collected through a survey questionnaire, focus group interviews, and document
analysis as well as classroom observations in a bid to understand the approaches to investigations

used by the students.

The findings of this study are contained in three chapters. In chapter four, the findings
related to the first research question on how students approach investigations from a learning
designing perspectives are outlined and discussed. In chapter five, | present and discuss the
findings that respond to the second research question on students’ approaches to investigations
from a designing perspective. Advanced Level students’ understanding of investigations is dealt
with in the first section of chapter six followed by a response to the last research question on why
students approach investigations the way they do in the second section. A summary of the
findings and answers to the research questions as well as some recommendations for further
studies are put forward in the chapter seven. In the last chapter, | also highlight the limitations of

this study, how they arose and the implications of the findings.



CHAPTER 2
A REVIEW OF RELATED LITERATURE

A review of related literature was done under three sections. The first section deals with
the conceptual referents related to investigations in order to create an understanding of their
meaning within the context of the participants and this study. The second segment explores
global and Zimbabwean literature on investigations with a view to identifying the gap that will
serve as the focal point of the study. In the third segment, | then use literature to develop an

interpretive framework which will serve as the basis for making sense of the research data.

2.1  Teaching of Chemistry in Zimbabwe

Zimbabwe gained independence from British colonial rule in April 1980. Political
independence did not necessarily result in immediate curriculum changes in education although
there was increased accessed to education. Primary and secondary education continued to use a
system which sees learners go through seven years of primary school education, two years of
junior secondary school and two years of Ordinary Level (O-Level) studies. The junior
secondary certificate national examinations have since been scrapped. Students who pass O-
Level and want to go to university then proceed to Advanced Level (A-Level) which takes

another two years.

Chemistry education starts in primary school where it is studied under an all-inclusive
subject called Content. In junior secondary school, there is General Science. At O-Level science
is studied under a range of subjects namely Chemistry, Physics, Physical Sciences, Biology,
Human and Social Biology and Integrated Science, a home-grown version of Combined Science.
At A-Level students take at least three subjects. The most common subject combinations for
those who choose to do the sciences are: Chemistry; Physics and Mathematics or Chemistry;
Biology and Mathematics. It can therefore be generalised that the majority of A-Level science

students do Chemistry.



The University of Cambridge Local Examinations Syndicate (UCLES) did the
assessment of students in Zimbabwe until a localisation process, which started in 1985, was
completed in 2002. Consequently, the science curriculum used in Zimbabwe was the same as
that of the United Kingdom and the scripts were marked abroad until the localisation process
began. In the same token, all the curriculum changes introduced in chemistry education in the
United Kingdom were also implemented in the Zimbabwean education system. Consequently, in
order to understand the place of investigation in the curriculum, it is necessary to give an outline
of the historical developments in chemistry education, and practical work in particular, in the
United Kingdom.

The historical developments of practical work in science in the United Kingdom are well
documented in the works of Gott and Duggan (1995), Wellington (1998), Woolnough and Allsop
(1985). According to these authors nineteenth century chemistry education was characterised by
lecture demonstrations as the mode of instruction of choice. The demonstrations were useful to
illustrate or verify known theories. The early years of the twentieth century saw the emergence of
the heuristic approach advanced by Armstrong (Woolnough & Allsop, 1985). This approach
sought to “place pupils in the place of the original investigators” (p.15). While the approach
placed huge emphasis on individual practical work to equip learners with relevant practical
skills, the theoretical aspects of science were largely neglected. Around the 1920s the

examination system had clear outlines on how practical skills were to be tested.

In the 1950s there were loud voices calling for a learner-centred approach to practical
work in which learners would do open-ended investigations (Gott & Duggan, 1995). Learners
were expected to do investigations with an emphasis on method rather than content. The 1960s
saw the birth of the Nuffield Science initiative which proposed the discovery approach to
practical work. It brought with it more emphasis on integrating scientific theory with practice.
Science educators were given a collection of experiments to do with their learners. While this
approach was deemed successful and achieving the desired outcomes, its major limitation was

that of being too prescriptive. Practical work was all recipe type (Gott & Duggan, 1995).

According to the above-mentioned authors, a revision of the discovery approach gave
birth to the process approach in the 1980s. The process approach was aimed at developing

transferrable skills in learners, that is, process skills (Gott & Duggan, 1995; Woolnough &



Allsop, 1985). The work of the Assessment of Performance Unit led to the holistic approach to
practical work in early 1990s (Gott & Duggan, 1995). Investigative work was incorporated into
the science curriculum. Investigations were intended to give learners opportunities to apply

concepts and cognitive processes while sharpening their practical skills.

As a result of the curriculum changes with a shift towards investigative practical work in
science, the University of Cambridge Examinations Syndicate introduced the assessment of
planning skills in their international A-Level Chemistry syllabus in 1996. In the practical
examination, learners were assessed on their ability to design, plan and carry out investigations.
Notably, the investigations were short term, something that can be accomplished in less than an

hour.

The complete localisation of the A-Level examinations in Zimbabwe in 2002 did not
bring with it wholesale curriculum changes. In fact, the Zimbabwe Examinations Syndicate
(ZIMSEC) adopted the UCLES syllabi and repackaged them in their own name. The nature of
the assessment therefore remained the same with investigations an integral part of the chemistry

assessment.
There are six broad aims outlined in the syllabus booklet. The syllabus aims are to:

1. provide, through well designed studies of experimental and practical chemistry, a worthwhile
educational experience for all students, whether or not they go to study science beyond this
level and, in particular, to enable them to acquire sufficient understanding and knowledge to
become confident citizens in a technological world, able to take or develop an informed
interest in matters of scientific import; recognise the usefulness and limitations, of the
scientific method and to appreciate its applicability in other disciplines and in everyday life;
be suitably prepared for employment and/or further studies beyond A-Level,

2. develop abilities and skills that are relevant to the study and practice of science; useful in
everyday life; encourage efficient and safe practice; encourage the presentation of
information and ideas appropriate for different audiences and purposes and develop self-
motivation and the ability to work in a sustained fashion as well as accuracy and precision;

3. develop attitudes relevant to science such as objectivity; integrity; enquiry; initiativeness and
insight;

4. stimulate interest in, and care for, the environment;

5. promote awareness that the study and practice of science are co-operative and cumulative
activities, and are subject to social, economic, technological, ethical and cultural influences
and limitations; the applications of science may be both beneficial and detrimental to the
individual, the community and the environment and the use of information technology is



important for communication, as an aid to experiments and as a tool for interpretation of
experimental and theoretical results;

6. stimulate students, create and sustain their interest in Chemistry, and understand its relevance
to society. (ZIMSEC, 2012b, pp. 4-5).

Going through these aims, it is apparent that the curriculum designers intended to see
practical work playing a pivotal role in the teaching and learning of A-Level Chemistry. The
aims place huge emphasis on the development of cross-curricula critical skills, including process
skills, which are required by students to become useful citizens.

The assessment objectives are presented in three categories (ZIMSEC, 2012, p. 6-7).
These are: (a) knowing with understanding; (b) handling, applying and evaluating information;
(c) experimental skills and investigations. While investigations are explicit in the third of these
assessment objectives, both the first and second ones cover aspects of practical work too. For
example, under the first assessment objective, students are expected “to demonstrate knowledge
with understanding in relation to scientific instruments and apparatus, including techniques of
operation and aspects of safety” (p. 6). The second assessment objective emphasises on students’
abilities in collecting, processing and analysing data. The third assessment objective, focusing on
experimental skills and investigations, is central to this study. It is envisaged that by studying the
A-Level Chemistry curriculum and doing the relevant practical work, students will be able to
“plan, design and carryout out investigations; use techniques, apparatus and materials; make and
record observations, measurements and estimates; interpret and evaluate observations and
experimental results; select techniques and materials as well as evaluate and suggest possible

improvements” (p. 7).

When students design, plan and carry out experiments they use their knowledge of related
topics and concepts and process skills, which are also used by seasoned scientists when doing
research. By doing this type of practical work, students develop higher order thinking skills
which help them “to learn how to recognize, define and to an extent, solve individual and social
problems” (Aydin, 2013, p. 52). It can also be argued that students who show competence in
investigations are better equipped to identify and solve problems in their own everyday lives.
The implication is that both instructional strategies and learning approaches should help students

to link theory to the practical work as well as navigate from basic to integrated process skills.
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The intellectual demands become more rigorous and challenging moving from assessment

objective (a) to (c).

The assessment scheme for A-Level Chemistry has five examination papers, one of
which is dedicated to the assessment of practical skills. Papers 1 to 4 are theoretical in nature
while Paper 5 is the practical examination. The weighting of the papers is as follows: Paper 1- 72
marks; Paper 2 — 48 marks; Paper 3 — 40 marks; Paper 4 — 40 marks and Paper 5 — 50 marks. In
reality Paper 5 is marked out of 75 and then scaled down to a mark of 50 for grading purposes
(ZIMSEC, 2012b, p. 8). This distribution of marks shows that the practical examination (Paper
5) ranks second in terms of weighting in the final analysis. If the raw marks only were used, the
practical examination would rank first in weighting. This highlights the central role of practical

work in the teaching and learning of Chemistry at A-Level.

In the practical examination students are assessed on their designing and planning skills
among other process skills. The weighting of this investigative component, on planning and
designing, ranges between 20% and 30% depending on the context in which it is set (p. 9). The
investigations may be of a quantitative or qualitative nature. Students will be asked to determine
specific quantities (quantitative analysis) or solve observational problems by executing specific
experiments (qualitative analysis). Notably the investigative problems may involve contexts that
are not directly specified in the syllabus but requiring students to apply their knowledge of A-
Level chemistry concepts and practical procedures. Strict examination conditions are applied
where students are not allowed access to textbooks, note books or any other sources of

information during the practical examinations.

There is stiff competition for places in schools offering A-Level science subjects when
students make the transition from O-Level to A-Level for a number of reasons. Firstly, only
those who pass five O-Level subjects, including English Language and Mathematics, with grade
C or better can proceed to do A-Level. Secondly, to study Chemistry at A-Level, one should
have a pass in O-Level Chemistry or Physical Sciences. Thirdly, not all A-Level schools offer
science subjects because they lack the prescribed laboratory facilities for practical work.
Consequently, there is stiff competition for the limited spaces to study science subjects like
Chemistry in those schools which offer them. In many established schools, which offer science

subjects at A-Level, it not uncommon to find that all the students achieved 5 A’s or better in their
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O-Level examinations and have a grade A in Chemistry or Physical Sciences. The average
number of students per A-Level Chemistry class across the country is 25. This number is
determined and limited by the size and design of the laboratory found at each school.
Specialisation starts at this level as students study subjects which are listed as the entry

requirements for their intended degree programmes at various universities across the country.

The Zimbabwean curriculum is largely centralised and public examinations are a crucial
determinant of the teaching and learning activities in the classrooms. The context is similar to the
one obtaining in Hong Kong as described by Biggs (1991) in his study of the approaches to
learning in secondary and tertiary students. Chalk and talk is generally believed to be an effective
way of meeting curriculum expectations. The expository teaching method is often punctuated
with references to examination techniques and examiners’ expectations. As Biggs (1991) puts it,

the teaching and learning context apparently promotes surface learning.

The teaching and learning culture in Zimbabwe places a lot of responsibility on the
students. Schools, especially boarding schools, are characterised by study hours, which are
monitored and strictly adhered to, during the evenings and weekends. In my experience as a
student and teacher in Zimbabwe, there is a strong belief that effort and endurance are the pillars
of academic success. This again resembles the Chinese culture which underscores that success is
derived from effort and skill which is in sharp contrast to the westerners (from where the
curriculum is borrowed) who believe that success is a product of skill (Biggs, 1991). The school
system tends to reward only the best students in each subject or grade during prize giving
ceremonies. The motivation to work hard for most of the students therefore comes from the need
and desire to achieve excellent grades in public examinations, which would allow them to study
medicine or engineering at university. This is exacerbated by the fact that only two universities
in the country offer medicine and engineering resulting in a fierce competition for places. For
boys to secure a place to study medicine or engineering at one of these two universities they have
to achieve A’s in three of Chemistry, Physics, Biology, Mathematics and Geometrical and
Mechanical or Building Drawing. The girls have to achieve at least 2 A’s. As a result, the system
places a lot of pressure on students to work hard until their last high school day. There is a
general belief that praising students frequently does more harm than good as it may induce them
to put less effort while criticism is favoured as it is considered a necessary evil to keep students

on their toes (Salili, Hwang, & Choi, 1989) as informed by Xunzi’s theory of salvation through
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pain (Biggs, 1991). There is a visible concentrated focus on the academic behaviour (at the
expense of the social behaviour) of students from both teachers and parents given that the
teaching and learning activities are assessment driven (Biggs, 1991; Donnison & Penn-Edwards,
2012). On their part students idolise teachers who show content mastery, knowledge of
examiners’ expectations and regularly give them assessment tasks that simulate public

examinations.
Summary

The Zimbabwean chemistry curriculum was adopted from UCLES who were tasked with
assessing students at both O-Level and A-Level, the two major high school exit points.
Consequently, the evolution of chemistry education in Zimbabwe was influenced by changes in
the British curriculum. An increasing emphasis on inquiry learning in science education lead to
the introduction of the assessment of planning skills as part of the A-Level chemistry practical
examination in 2002. This curriculum innovation brought with it new challenges in teaching and
learning Chemistry, especially the practical component. A highly competitive education context
characterised by a few high schools teaching A-Level science subjects and only two universities
offering degrees in the engineering and medical fields means passing Chemistry with good

grades is crucial to both students and teachers.

2.4 Conceptual referents

Practical work is an integral part of high school Chemistry hence it is important to
understand its meaning and purpose in chemistry education. There are different types of practical
work done in science, one of which is investigations, which in turn are done in different ways
depending on the context and objectives of the curriculum. In this section, I discuss different
perspectives of practical work, scientific inquiry and investigations, the working definitions for

the current study based on the Zimbabwean A-Level chemistry curriculum context.

2.4.1 Practical work in chemistry education

Practical work has been defined in many different ways by various science educators.

This shows a lack of consensus in the meaning of practical work although it is considered by all
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to be a core component of science teaching and learning. Two of the more recent definitions of
practical work found in literature were provided by Lunetta, Hofstein, and Clough (2007) and
Millar (2010). Lunetta et al. (2007) define practical work as:
learning experiences in which students interact with materials or with secondary sources of data
to observe and understand the natural world (for example aerial photographs to examine lunar and

earth geographic features; spectra to examine the nature of stars and atmospheres; sonar images to
examine living systems (p. 394).

On his part Millar (2010) defines practical work as “any science teaching and learning activity in
which students, working individually or in small groups, observe and/or manipulate objects or
material they are studying” (p. 109). In proposing this definition, Millar argues that the classic
definition put forward by Lunetta et al. (2007) encompasses even activities in which students
work with secondary data such as analysing and interpreting data in tabular or graphical form,
activities which most science educators do not consider to be practical work. Another difference
in the definition is that Millar points to the ways in which educators can organise their classes to
do practical work (individually or collaboratively in small groups) something which is omitted
by Lunetta et al. For the purposes of this research project, the definition by Millar is adopted
since the practical work done by the A-Level chemistry students is limited to the chemistry

laboratory context where they manipulate different chemicals and apparatus.

Many science educators (Hodson, 1990; Hofstein & Lunetta, 2004; Millar, 2010; Toplis
& Allen, 2012; Woolnough & Allsop, 1985) have described the reasons for (or aims of) doing
practical work and these can be summarized as: to motivate learners by stimulating interest and
enjoyment; to enhance practical skills, problem solving abilities and argumentation from data; to
enhance the learning of scientific knowledge; to give insight into scientific methods and develop
expertise in using it; to enhance scientific habits and to challenge learners’ misconceptions. In
addition Millar (2010) highlights the central importance of practical work as “to link the domain
of objects (tangibles) and observables (what can be seen) and the domain of ideas (not directly
observable)” (p. 119). Based on these two domains, he states five learning objectives of practical
work in chemistry education. The objectives encompass identifying and familiarising with
objects and phenomena; learning facts; learning concepts; learning relationships and learning
theories or models. The first two relate to the domain of objects and observables while the last
three fall under the domain of ideas. According to Millar these two domains will be part of all

types of practical work in chemistry education.
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Woolnough and Allsop (1985) classified practical work done by students as three
activities, namely; exercises, experiments and investigations. Exercises would be designed to
enhance students’ practical skills and techniques and experiments would be aimed at according
students a feel for phenomena. Investigations are meant to give students opportunities to practice
problem solving just like real scientists. Millar (2004) added a fourth category of activities which
are intended to support the learning of scientific ideas, concepts and theories. This research will
focus on the third class of practical activities proposed by Woolnough and Allsop, investigations,
which embodies the concept of scientific inquiry.

2.4.2 Scientific inquiry, scientific methods and process skills

Scientific inquiry: There seems to be no consensus on the definition of inquiry but most
of its characterisation is similar (Anderson, 2002; Gott & Duggan, 2007; Khan, 2007; Martin-
Hansen, 2002). One way of defining inquiry is offered by Hammer, Russ, Mikeska, and Scherr
(2008), who say “inquiry in science is the pursuit of coherent, mechanistic accounts of natural
phenomena” (p. 13). The breadth of this definition includes a diversity of epistemic classroom
activities such as seeking assistance or guidance from the teacher, designing and conducting an
experiment and predicting the outcomes. Perhaps this definition is linked to the notion that
inquiry always requires scientific reasoning coupled with a meticulous use of the language of
science and yet Warren, Ballenger, Ogonowski, Rosebery, and Hudicourt-Barnes (2001) argue
that students can practice inquiry by using everyday language to make sense of their everyday
experiences. To add weight to this idea, Tang, Coffey, Elby, and Levin (2010) argue for a change
in the enactment of scientific inquiry by science teachers “in order to emancipate the students
from mandatory futile learning of scientific methods, so they could truly engage in productive

thinking and practice through inquiry” (p. 47).

A different definition of inquiry, which is adopted for the current study, comes from
Martin-Hansen (2002) who understands scientific inquiry to be the work scientists do when they
study the natural world, proposing explanations that include evidence gathered from the world
around them. This definition differs from that put forward by Hammer et al. (2008) since it
directly points out what scientists do which can be emulated by high school students(Martin-

Hansen, 2002). At high school level, scientific inquiry will include student activities such as
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posing questions, planning investigations, and reviewing what is already known in light of the
experimental evidence that mirrors what scientists do. Martin-Hansen identifies and describes
four different types of inquiry. The first one is open or full inquiry. It is a student-centred
approach that starts with a student’s question, before designing and conducting an investigation
and reporting the results. This approach most closely resembles what scientists do. The second
one, guided inquiry, is characterised by the teacher assisting students develop inquiry
investigations in the classroom (laboratory). The teacher chooses the topic and question for
investigation and students decide how to proceed with the investigation. In the context of this
study, and based on my personal experiences, guided inquiry seems to be the dominant form of
inquiry in Zimbabwean A-level chemistry classrooms with the teachers providing the questions

and students designing and conducting the investigations.

The third one, coupled inquiry, combines a guided-inquiry investigation with an open-
inquiry investigation. The teacher provides the questions to investigate at the beginning then
gradually shifts to a more-student centred approach where students have total autonomy in all the
stages of the investigation. The fourth one is structured inquiry which is also referred to as direct
inquiry. The teacher-centredness of this type of inquiry implies that student task engagement is
restricted to following the teacher’s instructions. This recipe type of inquiry is bereft of most of

the characteristics of true scientific inquiry.

An alternative classification of inquiry is offered by Eick, Meadows, and Balkcom (2005)
who preferred to use levels 1 to 4 to identify the different types. While this type of classification
gives an idea of the increasing cognitive demand from level 1 to 4, such a nomenclature does not
describe what each type entails. The classification by Martin-Hansen (2002) is therefore

preferred for the current study.

The abilities pertinent to inquiry appear in various studies and science curricula
documents worldwide (Espinosa-Bueno, Labastida-Pina, Padilla-Martinez, & Garritz, 2011;
Khan, 2007; Martin-Hansen, 2002). Khan’s list of abilities or processes reflects all the stages in
the iterative approach (Roberts, Gott, & Glaesser, 2010), which derived from the Problem
Solving Chain (PSC) (Woolnough & Allsop, 1985) and is discussed further in greater detail in

another section of the current study covering the theoretical (Figure 2.5). These are:
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identifying a problem and gathering information; making predictions; making sense of
observations and finding patterns in information; using analogies and physical intuition to
conceptualize phenomena; analysing and representing data; postulating potential causal factors;
working with evidence to develop and revise explanations and generating hypothetical
relationships between variables. (p. 878)

Scientific inquiry is often considered synonymous to scientific methods. The practice and
conceptualisation of scientific inquiry is viewed as tied to the knowledge of various scientific
methods (Tang et al., 2010). Literature suggests that the majority of scientists subscribe to the
idea that there are several versions of the scientific method (Mahootian & Eastman, 2008; Millar,
2010). While using the term ‘the scientific method’, McPherson (2001) concedes to the
argument that there is no solitary collection of investigation steps that can represent how all the
scientists under the universe work. McPherson goes on to identify formulating and testing
hypothesis as key components of scientific methods. This contrasts with the views of De Boer
(1991) who asserts that science inquiry, and by implication, scientific methods do not necessarily
involve all of the following: asking questions; formulating and testing hypotheses; conducting
investigations; observations and data interpretation; reflecting and modifying the hypotheses and
reporting the findings. Earlier, Millar (1989) described doing science as a craft and argued
against ‘the scientific method’ by saying that:

Scientific inquiry cannot be portrayed as rule following but involves the exercise of skill in

deciding what to observe in selecting which observations to pay attention to in interpreting and

drawing inference, in drawing conclusions from experimental data, even in replicating
experiments. (p. 168)

As McLelland (undated) puts it, “creative flexibility is essential to scientific thinking, so there is
no single method that all scientists use, but each must ultimately have a conclusion that is

testable and falsifiable; otherwise, it is not science” (p.2).

Scientific methods: The nature of the question under investigation often dictates the type
of method to be employed (Tytler, 2007). All the scientific methods are associated with many of
the following steps: observation, questioning, hypothesising, experimentation (testing the
hypothesis), analysis and evaluation, and reporting (Hodson, 2009). In general, when the
investigation is of a quantitative nature, students are required to come up with a hypothesis by
making use of their pre-existing knowledge of concepts and experimental procedures. However,
a hypothesis is not necessarily required when the investigation is of a qualitative nature. For

example; students can be provided with six unlabelled colourless solutions of metal ions,
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aqueous sodium hydroxide, hydrochloric acid, aqueous ammonia and sulphuric acid and are
supposed to design an experiment to identify all of them positively by name. A hypothesis is not
required in this case but the rest of the components and steps in the investigative processes are
similar. Reflection is a key part of both investigative processes as students are expected to
intermittently evaluate their actions and make any necessary alterations to the original plan.
Thus, investigations are different from other practical tasks in that students are expected to
engage in decision making, evaluation and modification of their plans throughout the
investigative process which is not always the case in other types of practical work such as a
demonstration or verification (Roberts, 2009). My experience in teaching high school Chemistry
has helped me take note of the fact that most textbooks for both O-Level and A-Level give
emphasis on the use of the scientific method in which a hypothesis has to be formulated and
tested. This has also led to an overuse of this fixed method by teachers who often rely on these

textbooks for planning practical activities (Lunetta et al., 2007).

Process skills: The practice of inquiry through investigations requires the use of various
process skills. Process skills (SPS) are a collection of thinking skills employed by scientists to
construct knowledge, provide solutions to problems and formulate results (Ozgelen, 2012).
Abruscato (2000) says that process skills are used to carryout investigations with the aim of
discovering scientific knowledge. These skills have been categorised hierarchically into basic
and integrated skills (Ozgelen, 2012; Padilla, 1990; Sheeba, 2013). Basic process skills include
observing, measuring, inferring, classifying, predicting and communicating. On the other hand,
integrated process skills involve formulating hypothesis, identifying variables, defining variables
operationally, describing relationships between variables, designing investigations,
experimenting, acquiring data, organising data in tables and graphs, analysing investigations and
their data, understanding cause and effect relationships and formulating models. The latter group
of skills demands a more advanced knowledge foundation (Carin, Bass, & Contant, 2005).
According to Millar (1989), these process skills are not performed in a rigid sequential manner as
if there is a defined and universally agreed scientific method with a set of rules and procedures
that can be used by scientists to solve new problems or provide the same interpretations to the

same experimental results.

Padilla’s (1990) use of the term ‘process skills’ suggests that these skills are exclusive to

science and yet Millar (1989) asserts that process skills are not a preserve of chemistry education
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and no individual or group of individuals should claim to be teaching them. For example,
observing is an innate skill that everyone uses to make sense of the world across all disciplines
and in everyday life. In her view, by teaching science “we are helping students to internalise the
procedures and standards of the scientific community. We are assisting students to construct for
themselves a mental representation of the scientific ways of working and judging” (p. 176).

Investigations are one way of doing this.

2.4.3 Science investigations

Woolnough and Allsop (1985) see investigations as open-ended problem-solving
practical activities in which students assume the role of scientists. Open-ended refers to the
existence of more than one possible design and solution to the problem situation. Open-
endedness can also be taken to be an indicator of a defined or undefined investigation problem.
Woolnough (1991) argued that practical work done in the form of investigations provides
students with a holistic approach to learning scientific concepts. Gott and Duggan (1995) seem to
borrow from Woolnough and Allsop when they defined an investigation as a form of problem-
solving where there is no single method for achieving the solution. According to Gott and
Duggan the broad aim of scientific investigations is to give students a chance to use concepts and
develop cognitive abilities and skills in problem solving. Millar (2010) defined investigations as
“practical activities in which students are not given a complete set of instructions to follow (a
recipe), but have some freedom to choose the procedures to use, and to decide how to record,
analyse and report the data collected” (p. 2). This conceptualisation of an investigation unpacks
the idea of open-endedness and recognises that the doing part is a process encompassing many

stages. Miller’s definition is adopted for this study.

Investigations do not have an obvious solution and students do them with relative
autonomy as defined by their open-endedness (Gott & Duggan, 1995; Lock, 1990) and the
teachers’ planning. Wellington (2000) suggested three dimensions of investigations which are
represented as three separate continua reflecting the open or closed nature of these practical
activities, whether they are student or teacher-led and the level of assistance given to students.

This is shown in Figure 2.1.
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Less autonomous More autonomous

Closed < » Open

- one possible design - several possible designs

- one correct solution - many possible solutions

Student-led < » Teacher-led

- students choose the investigations to do - teacher chooses the

- no restrictions investigations to be done

Directed, Structured » Undirected, Unstructured

- students are assisted at all stages of the - no assistance
investigation - no constraints

Figure 2.1 Dimensions of investigations (Wellington, 2000, p. 159)

According to Lock (1990), the extent to which an investigation is open-ended depends on
the relative autonomy the students are allowed by their teachers. Based on the characteristics of
the three continua, it can be argued that the way investigations are done in each classroom
largely depends on the respective teachers’ epistemological and pedagogical beliefs leading to
either student-led or teacher-led, structured or unstructured approaches. Those who view
teaching as knowledge transmission will most likely be located near the teacher-led and directed-
structured end of the corresponding continua.

Ramnarain and Hobden (2015) produced a classification framework for the different
autonomy levels observed when students do investigations. The five levels of their framework
are based on the level of teacher control during each of the key stages of the investigation
process: choosing the topic; formulating the question; planning; collecting data; analysing data
and drawing conclusions. The framework reflects a decrease in teacher control with an increase
in autonomy level from one to five. Notably, students have autonomy in analysing data and
drawing conclusions in all the five levels. A possible explanation is that teachers generally
believe their students have the relevant skills to successfully perform this investigation stage. My
personal experience with A-level chemistry investigations is that the third level, where the
teachers retain control of choice of topic and question to investigate, is the predominant one.
Students are given autonomy to plan (design) the investigation, collect, analyse and draw

conclusions from their own data even in the public examinations.
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Teachers do not normally create space for students to do investigations of their choice
although this is known to generate greater enthusiasm in students (Chin & Kayalvizhi, 2002).
Based on my knowledge of the investigations found in most of the high school textbooks, the
problem is that the majority of them are of the recipe type. This naturally curtails the
development of the students’ capacity to generate science problems worthy of investigating. If
students were encouraged to do their own investigations, this would arguably lead to positive

approaches to learning.

Five different categories of investigations were identified by Watson, Goldsworthy, and
Wood-Robinson (1998). These categories are shown in Table 1 together with relevant examples

as they apply to the A-Level practical component.

Table 2.1 Categories of investigations and examples

Category Example

Fair testing and comparing ~ Which pain-killer is the strongest, cafemol, disprin or
paracetamol?
Classifying and identifying  Classification and identification of metal ions in unknown

samples

Pattern seeking Investigating the effect of temperature on the rate of a chemical
reaction.

Exploring Exploring what happens to the rate of a chemical reaction when
the concentration of one reagent is increased.

Making things or Making an effective mosquito repellent from traditional herbs

developing systems

The assessment of investigation skills under the A-Level Chemistry curriculum covers
the first four categories only (ZIMSEC, 2012b). This arises because the practical examination
lasts for one and half hours hence only short-term investigations are entertained. Making things
or developing systems would fall under long-term investigations and these would be suitable if

the assessment was school based and done as projects lasting several days, weeks or months.

2.5  The value of investigations in learning science

According to So (2003), the acquisition of scientific knowledge should be viewed as

eternally married to the practice of science. Consequently, science curricula worldwide place
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emphasis on the development of knowledge and understanding coupled with the acquisition of
process and procedural skills. Investigations provide a vehicle for achieving this objective. The
reasons for engaging in investigations are derived from the purposes of practical work
highlighted earlier on. Many authors have identified different purposes of investigations, one of
whom is Cumming (2002) who came up with three major purposes . Firstly, investigations help
students to ‘discover’ scientific ideas. Discovering in this context simply means finding out
things for themselves rather than contributing something previously unknown to the scientific
world. Secondly, investigations promote active construction of knowledge. By performing
investigations students are expected to rectify their incorrect conceptual understandings as an
adaptation cognitive conflict induced by the empirical data collected. Thirdly, investigations help
to develop scientific literacy in students as they acquire an improved appreciation of how
scientific knowledge is created and participate in debate on issues of scientific importance. It can
however, be argued that doing investigations in high school is not a guarantee for producing
citizens who are socially responsible and are capable of taking part in scientific discourse. The
practice of investigations has other benefits. These include enhancing social skills, promoting
creativity and critical thinking, developing competency in experimental techniques, honing
problem solving skills and enhancing the understanding of scientific concepts (Moeed, 2013). It
is believed that investigations ensure that chemistry education covers content as well as develop

invaluable practical skills (So, 2003).

The purpose of the investigation generally determines its nature and the investigative
approach to be employed. This implies that teachers always have to give a clear outline of the
aims and objectives of the investigative tasks they assign to their students in order to achieve the
intended learning outcomes (Millar, 2004). The idea is to make investigations effective at both
levels 1 and 2 (Millar, 2009) as illustrated in Figure 2.2. An important focal point on the same
figure is what students actually do in the classroom during investigations. If level 1 is not
satisfactorily achieved, that is, if what students actually do is divorced from what was intended
then, level 2 is very difficult to achieve. Given that investigations lay the foundation for a solid
appreciation of scientific concepts, investigation tasks should be carefully selected in order to
satisfy this broad aim (Moeed, 2013). Moeed argues that investigations are the experiential
component of science in which students exercise the application of learned concepts and

processes in problem solving.
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Figure 2.2 The process of developing and implementing a practical task (Millar,
2009, p. 2)

Figure 2.2 shows that there are various factors that can influence the effectiveness of
practical work and investigations in particular. Among these factors are those related to
curriculum designers, teachers and students’ epistemological beliefs about science and learning,

students’ understanding of science (investigations) and the context in which the practical work is

done.

Meaningful learning from investigations is often limited due to poorly developed
investigative skills (Hodson, 1990; Roberts & Gott, 2004). Doing investigative activities by itself
alone is not sufficient for high school students to acquire a solid understanding of scientific

investigations as a process of knowledge construction (Trumbull, Bonney, & Grudens-Schuck,
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2005). Students’ understanding of investigations and their value in learning science concepts is
directly related to their teachers’ own understanding and ability to use an investigative
instructional approach (Lotter, Singer, & Godley, 2009). If teachers do not understand what an
investigation entails, it influences how they teach it and consequently the value that their
students will attach to it (Moeed, 2013).

Moeed (2013) says that high school students develop a strong belief that investigations
are carried out through a scientific method in which the procedure is outlined in steps. In their
minds this is how real scientists work to generate knowledge. The misplaced focus on student
activities due to limitations in teaching methodologies leads to a superficial understanding of
scientific reasoning and practice according to Windschitl, Thompson, and Braaten (2007). They
go on to highlight a sad but common scenario whereby students who come through the hands of
such teachers go on to train as teachers themselves. This naturally leads to a perpetuation of the
situation and the worsening of high school students’ understanding and practice of
investigations. To put an end to this cycle we need to understand what is going on when students

do investigations and that is one of the primary aims of this current research.

2.6  The Interpretive Framework: Approaches to investigations

The nature of the relationship existing between the student, an investigation task and the
associated context determines the approach used (Biggs et al., 2001). Approaches to
investigations in this study describe what students do when they go about designing, planning
and carrying out investigations and why they do it the way they do. This definition is influenced
by the approaches to learning theory advanced by Marton and Saljo (1976) and expounded later
by Biggs (1987b), Ramsden (1992), Entwistle (1981) and Entwistle, McCune, and Tait (2013).
The study by Marton and Saljo (1976) was primarily in the languages. They gave their
participants some readings and then asked them questions based on those readings in a bid to
understand their approaches to learning. The categories of deep and surface approaches to
learning were coined as a result of their study. The major finding from this study and subsequent
studies by different researchers with different participants was that the approach used by each

student was not permanent but could vary from time-to-time depending on the task. Furthermore,
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the intentions of the students as they do a given task, had a significant bearing on the approaches
they adopted in accomplishing it. While Martin and Saljo’s pioneering work was significant in
helping educationists understand how students approach learning, it did not recognise the
influence of assessment on the students’ choices of approach (Biggs, 1987b). A third category

was therefore introduced, namely the strategic approach.

While the approaches to learning theory came into existence through studies in the
languages, educationists agree that it can be applied to other disciplines as well. Consequently at
least three generic instruments under the name of Approaches and Study Skills Inventory
(ASSIST) have been used in various studies all over the world by educationists (Entwistle et al.,
2013). This study focuses on the approaches to investigations used by A-Level Chemistry
students and the theory has been adapted to this end. While there will be a lot of similarities in
learning the theoretical aspects of any subject, a science subject like Chemistry involves a
practical component which requires process skills not emphasised in other disciplines. The term
approaches to investigations (instead of the general approaches to learning) was therefore used in

this study, in line with its focus.

The approaches students adopt when doing investigations can be viewed from two
different angles. Taking into account the type of learning experienced (Cuthbert, 2005;
Houghton, 2004; Laurillard, 2005) students can employ a deep, surface or strategic approach. By
considering how students go about designing and carrying out investigations, Roberts et al.
(2010) identified three different approaches: iterative, linear and divergent. These approaches are

represented in Figure 2.3.

from a learning Deep approach
perspective

Strategic approach

Approaches to Surface approach
investigations

Iterative approach

from a designing

perspective Linear approach

Divergent approach

Figure 2.3 Approaches to Investigations



25

2.6.1 Approaches to investigations in terms of learning

Approaches to investigations is a broad term used in this study to describe what students
bring to learning situations involving investigations encompassing how they handle information
and their personal learning intentions (Houghton, 2004). As Mogre and Amalba (2015) say,
students’ approaches to learning are influenced by their motives and strategies. This can also be
applied to how students approach specific learning situations such as those involving
investigations. The motives often influence the strategies adopted by the students as they do
investigations. Students can adopt a deep, surface or strategic approach to investigations
(Houghton, 2004; Laurillard, 2005).

The deep approach involves critical thinking and connecting new ideas to prior
knowledge thereby developing a solid understanding and boosting long-term memory of
concepts which can be applied to problem solving, even in novel situations in real life contexts
(Cuthbert, 2005). Entwistle and Peterson (2004) highlight the defining features of the deep
approach, which support Cuthbert’s thinking. They say that students’ intention (motive) would
be to understand scientific ideas for personal development. Their performance of investigations
would be characterised by a holistic process where they relate ideas to prior knowledge and
experiences of doing similar practical work. Additionally, students with a deep approach are
meticulous in their execution of an investigation as evidenced by thorough checking of
experimental data, cautious and critical evaluation of solutions, monitoring understanding,
engaging with scientific ideas and enjoying the intellectual challenge that comes with doing this

type of practical work.

The strategic approach, identified by Entwistle (2004) is characterised by the desire to
achieve excellent grades in summative assessment tasks such as tests and examinations in which
the ability to design, plan and carry out an investigation is assessed. Students who use a strategic
approach organise their work thoughtfully, manage their time and effort effectively and are
aware of the examiners’ expectations through their teacher, examiners’ reports and marking
schemes. In addition, such students tend to monitor their own effectiveness when they do
investigations and feel personally accountable to themselves for their own performance.
Consequently, these students will create ideal conditions, optimise resource utilisation and spend

time going over past examination papers with the aim of forecasting questions and use marking
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schemes in order to master what examiners want with respect to investigations (Donnison &
Penn-Edwards, 2012). While some characteristics of the strategic approach point towards deep
learning, the difference is that the manifestation of such traits is extrinsically driven. Under the
deep approach active construction of meaning from investigations is the intention, which

develops intrinsically.

The third approach, the surface approach, is generally about recalling facts. Students give
emphasis to what they think will be assessed in both internal (school level) and external (public)
examinations (Cuthbert, 2005). According to Entwistle and Peterson (2004), students will do the
minimum required to cope with the practical component which deals with investigations, treat
the investigations as unrelated to the science learned elsewhere. This induces to routine
memorisation of facts and experimental procedures. Students do investigations without reflecting
on their purpose as they see little or no value in such practical work. Furthermore, students
associated with the surface approach often feel undue pressure and anxiety about investigations.

Moving through the continuum of approaches, from deep to surface, it is generally
believed that the use of a deep approach is linked to higher quality learning while the surface
approach is related to lower learning outcomes. Given that investigations are an integral part of
the A-Level chemistry curriculum, the expectation is that the corresponding students will adopt a
deep approach in doing them (Felder & Brent, 2005). It can also be argued that the way the
chemistry teachers develop investigation skills (process skills) should be inclined towards

enabling the development of a deep approach.

There is ample evidence from research that students are not bound to an individual
approach throughout their schooling life and that the adoption of one approach or another is
contextually dependent (Cuthbert, 2005; Houghton, 2004; Laurillard, 2005). This is also valid
within a subject as students navigate through various sections of the syllabus or as they shift
from one subject to another. For example, students may be associated with a deep approach
when they deal with the theory component of the A-Level chemistry curriculum and then switch

to a strategic or surface approach when they do with investigations.

The characteristics of the three approaches are captured in Table 2.2. Houghton’s (2004)
characterisation was based on the approaches to learning in general. It was therefore, necessary

to modify the wording to focus on investigations and include the strategic approach which was
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not considered by Houghton. For example, in Houghton’s characterisation, the deep approach is

encouraged by students:

¢ having an intrinsic curiosity in the subject.

e being determined to do well and mentally engaging when doing academic work.

e having the appropriate background knowledge for a sound foundation.

¢ having time to pursue interests

e positive experience of education leading to confidence in ability to understand and

succeed. (p.11)

This was modified to encouraged by students having a:

e desire to do investigations driven by intrinsic curiosity.

e sound and appropriate conceptual understanding which is required to design and execute
investigations.

e positive view of investigations leading to high confidence in ability to design and execute

them.

These characteristics were used to categorise the participants using the data from the semi-

structured questionnaire (DUQ) and focus group interviews.
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Characteristics of the deep, strategic and surface approaches to
investigations (adapted from Houghton, 2004)

Deep Approach

Strategic approach

Surface Approach

Characteristics

Students construct knowledge
through designing and carrying
out investigations.

Students create a balance
between meaningful
construction of knowledge
and rote learning.

Students rely on rote learning.

Students focus on the concepts
and materials needed to
successfully design and execute
an investigation.

Students focus on gaining
sufficient conceptual
understanding and
knowledge of the required
materials in order to
successfully design and
carryout an investigation.

Students focus on procedures
used before to design and
execute the investigation.

Students relate new and
previous knowledge gained
through investigations.

Students are mainly worried
about getting good marks for
their investigations.

Students do not recognise new
material as building on previous
work.

Students can link investigations
to real life and the everyday
work of real scientists.

Effort is channelled towards
achieving good marks for the
investigations done.

Students see investigations only
as practical work done to
prepare for and pass
examinations

Encouraged by
(students)

A desire to do investigations
driven by intrinsic curiosity.

Execution of investigations
without necessarily being
driven by intrinsic
motivation. The desire to
pass examinations is greater.

Doing of investigations as a
necessary evil to pass
examinations.

Sound and appropriate
conceptual understanding which
is required to design and
execute investigations.

Students who do enough to
master the relevant concepts
required to do investigations.

Lack of background knowledge
required to successfully design
and execute investigations.

Positive view of investigations
leading to high confidence in
ability to design and execute
them.

Negative view of
investigations and low
confidence in their ability to
design and carry out
investigations.

Cynical view of investigations
believing that recall of facts and
procedures is what is required.

Encouraged by

(teachers)

Demonstration of personal
interest in investigations.

Teachers may not
necessarily demonstrate a
personal interest in
investigations.

Conveying of disinterest or
negative attitude to
investigations.

Bringing out the structure of the
subject.

Teachers help students to see
the relationship between
facts and ideas while doing
investigations to maximize
their chances of passing
practical examinations.

Presenting of material so that it
is perceived as a series of
unrelated facts and ideas.

Adoption of active teaching and
learning approaches and
confronting students’
misconceptions.

Teachers drill students on
experimental procedures.

Allowing students to be passive.

Use of investigative problems
that are thought provoking and
incorporate concepts from
different topics of the subject.

Teachers use past
examination questions and
give marking guidelines to
students.

Use of investigative problems
that lack in depth and breadth.

Relating new material to what
students already know and
understand as well as linking
theory to investigations.

Teachers emphasise on the
importance of linking theory
to investigations.

Failure to show students how to
link theory to investigations.




29

2.6.2 Factors that influence students’ approaches to investigations from a learning

perspective

Biggs (1991) proposed a 3P-Model in which he recognises the strong influence of the
context in which learning occurs. He argues that there are several reasons why students learn
and the learning process is influenced by various contextual factors, which in turn determine
the quality of the school product. Each of the P’s in the model represents a phase. The first of
these, the presage phase, is characterised by factors, which exist even before learning begins.
One arm of the presage phase is the student context, which is defined by a traditional
understanding of teaching and learning, proficiency in the language of teaching and learning,
expected academic results and inclinations towards specific learning approaches influenced
by prior experiences. Gender and age are the other factors identified by Mogre and Amalba
(2015). The other arm is the teaching context, which covers institutional and classroom
factors such as the subject content and its structure, assessment criteria, school rules and how
the learning process is managed. Time induced pressure and examinations related stress
derived from the teaching and learning context often lead to the adoption of a surface
approach. The second phase is the process phase. Students’ conceptions of teaching contexts,
their motivational levels and the nature of the learning tasks significantly determine the
process through which learning is accomplished. Students can be located on a continuum
ranging from rote learning to high cognitive processing. This is synonymous to the
continuum of surface to deep learning which forms part of the theoretical framework of this
study. The third phase, the product of learning, is a quantitative and qualitative measure of
students’ learning as well as students’ perceptions of their own learning. In the context of this
study, students’ approaches ultimately determine how much and how well they learn the

Chemistry concepts related to the investigations they do.

2.6.3 Approaches from a designing perspective

Arguably the most detailed approach to investigations is derived from the PSC
developed by Assessment of Performance Unit in the United Kingdom (Woolnough &
Allsop, 1985). Roberts et al. (2010) chose to call it the iterative approach to investigations as
shown in Figure 2.4. Four major phases are distinguishable in the investigative process based
on the PSC which are: a designing and planning phase, a performance phase, a reflection
phase and a recording and reporting phase (Hodson, 2009). 1 argue here that the PSC can be

consolidated into five phases: designing and planning; performance and data recording; data
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processing and interpretation; reflection and reporting. Data processing and interpretation
ideally takes place after the completion of the experimentation when the students believe they
have collected sufficient data. Students can do it in a more convenient place away from the
workstations where they carry out the experiments. Based on my experiences of doing
investigations with A-Level chemistry students, this is a better reflection of the logical

sequence of phases in the application of process skills when students do an investigation.

Problem Solution
- generation and perception T
v Evaluation of
Reformulation results in terms of:
le Further.
- into form open to investigation reformulation - reformulation
- deciding what to measure - design and procedure
l - techniques etc
Desianing o —— Change in design ‘/
Ignin n experimen
esigning an experime or procedure

- setting up conditions

- steps to follow <« Change in
technique Interpreting
data and
drawing
conclusions
Carrying out the
experiment T

- using apparatus

: Recording and
- maklng measurements

processing data

Figure 2.4 The iterative approach (Roberts et al., 2010, p. 382)

The first phase of designing and planning starts once the students are presented with a
problem. The students start with problem perception and reformulation. According to
Woolnough and Allsop (1985), “the students analyse the factors relevant to the question,
assemble the appropriate information; create or consider various ways of attacking the
problem, select the best option and then plan the investigation” (p. 51). The methodological
implication of highlighting problem perception and reformulation is that there is emphasis on
problem sense-making which discourages students from diving headlong into writing the
experimental steps without a good understanding of what is required of them. Problem

perception and reformulation is therefore the beginning of the planning part of this phase.
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Planning may also involve formulating a hypothesis especially when the investigation falls
under quantitative analysis. Once the students identify a feasible way of doing the
investigation they then proceed to outline a series of steps that consist of the experimental
procedure to be used. The designing part of this phase involves a description and often a

diagrammatic representation of the set-up of the apparatus to be used.

The second phase of performance and data recording phase involves executing the
proposed experimental procedure. The students will set the apparatus and corresponding
experimental conditions to collect the relevant data. During this stage, they will make the
necessary measurements and/or observations and capture this data in an appropriate manner
such as tables. Coupling performance with data recording ensures that students are reminded
of the need to write down the relevant data from measurements and/or observations as they

occur. Such data were often captured in tables with appropriate headings.

During the third phase of data processing and interpretation, students often transform
the collected data to determine derived values in quantitative analysis. For example, in an
investigation to determine the effect rate of a chemical reaction, concentration and time
measurements will be transformed to give the rate of reaction at various stages of the
reaction. Numerical data can also be used to construct graphs from which extrapolations or
interpolations can be done. This is followed by data sense making and providing an answer to
the initial problem. In qualitative analysis students use their observations to make deductions

based on known characteristics of the various inorganic ions and organic functional groups.

The fourth phase of reflection is when students do an evaluation of their results. The
students auto-assess and make judgements on whether their results make sense or not in
relation to the original problem. If the results deviate from their expectations, then they
(students) can go back to reformulate, redesign or improve their techniques and collect new
data with the aim of obtaining better results. In practice, reflection is not solely done at the
end of data processing and interpretation. It is expected that students engage in reflective
practice at every stage to ensure that the desired learning outcomes are achieved. This mirrors
what happens in the real world. Doing an investigation, as done by real scientists, is an
iterative process (Moeed, 2013). The phases are not done one after the other in a linear
unidirectional process but rather concurrently with continuous modification of the proposed
plan (Hodson, 2009). If the way students do investigations approximates how real scientists
work, then they are more likely to be successful in their own way.
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they have the desired results and correct interpretation. In typical open-ended investigations,

apart from the results, reporting includes the experimental design that worked best if the

students were successful or details of why the experimental design did not work if they were

unsuccessful. Reporting should ideally reflect that doing an investigation is a messy process

which does not always lead to success although valuable lessons are always learned. In the

context in which A-Level students do investigations, the messiness of these practical

activities is not always evident on students’ scripts due to the structured nature of the

examination papers and the time restrictions.

When students use a linear approach in an investigation, the stages are done

sequentially as illustrated in Figure 2.5.

Problem
perception &
reformulation

Planning
(designing)

o

Figure 2.5

Carrying
out the
experiment

-

Recording
&
processing
data

| Interpreting

data

Concluding

—>

The first stage is the same as in the iterative approach, which is problem perception and

L Evaluation

Linear approach to investigations (adapted from Roberts et al., 2010)

reformulation. Differences with the iterative approach are noticeable from the planning stage

onwards. Students will come up with one plan and then religiously execute it without

minding about its appropriateness (Roberts et al., 2010). This might be because of using a

procedure used before in a similar investigation or as a direct consequence of limited

autonomy. The Chemistry teachers might suggest the best experimental procedure to use and

out of trust, the students do not see it necessary to consider alternative ways of doing the

investigation. The students don’t always appreciate the need to constantly review their plan,

experimental design or techniques in order to do any necessary changes leading to better

results. The same can be said of the data processing and interpretation stages. Students tend

to use predetermined ways of transforming the data and do not always give the interpretations

that match the results.

Generally, there is limited reflective practice and learning from the data generated.

Consequently, the success rate of students associated with a linear approach is lower than that

of their counterparts using the iterative approach. An emphasis on neatness by the teachers
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can also lead to this approach. Students will prioritise pleasing their teachers at the expense of

reflecting the messiness of doing investigations.

A divergent approach is witnessed when students find it extremely challenging to
come up with a plausible plan when confronted with an investigation initiated by the teacher
or during an examination (Roberts et al., 2010). This normally occurs when students get stuck
right from the beginning, in problem perception and reformulation. A limited conceptual
understanding and failure to link theory with practical work might be the reasons. The
students then fail to come up with a workable experimental procedure compounded by wrong
choices of materials to use during the investigation. This normally occurs when students are
clueless about the basis of data collection. If students manage to collect some data, the
processing is often flawed, leading to incorrect conclusions. Students with a divergent
approach are never associated with reflective practice and therefore never revisit their plans
with a view to improving them. Consequently, students who adopt a divergent approach are

always unsuccessful in investigations.

2.6.4 Challenges in designing and carrying out investigations

Challenges to successful designing and carrying out of investigations come in the
form of students’ knowledge base. According to Mayer and Wittrock (2006) there are five
different types of knowledge that students need to successfully design and carry out
investigations. The first one is facts, that is, knowledge about characteristics of elements and
scientific phenomena like the colour of the precipitate formed when aqueous sodium
hydroxide is added to a solution of copper (I1) sulphate. The second one is concepts, which
refers to knowledge of categories, models or principles such as le Chatelier’s principle. The
third one is strategies, that is, knowledge of general methods, like how to break the
investigation into manageable parts. An example would be how to separate and identify
components of a mixture of metal cations in a solution. The forth one is procedures, that is,
unique procedural knowledge, for example determining the percentage of water of
crystallization of a given sample of hydrated salt. The fifth one is beliefs, a mental awareness
of one’s abilities with respect to investigations (for example, I am not good at planning) or
about the nature of investigations (for example, if the student can’t design the investigation

instantly then they will never be able to achieve it).
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Watts (1994) preferred to talk about various hurdles which need to be overcome by
the student in order to accomplish an investigation. He identifies the different ‘hindrances’
that may need to be overcome by students as psychological, challenges to knowledge and
understanding and the need for specific skills as represented in Figure 2.6.

1. Psychological hurdles
e.g the need for perseverance and concentration; a positive mood and
attitude towards completion and success; motivation and sense of
competition; co-operative and social skills; coping with anxiety and

insecurity
v 3. The need for specific skills
Hindrances to e.g methodical approaches to
investigations < investigations; (designing the
investigation; mathematical skills; data
T processing

2. Challenges to knowledge and understanding

e.g the capacity to recognise and conceptualise the problem;
appropriate or unrelated frameworks of prior knowledge; accurate
or flawed perceptions of the context of the investigation; too
little/much information surrounding the investigation; the level of
complexity of the investigation; the level of creativity involved

Figure 2.6 Hindrances to Investigations (adapted from Watts, 1994)

It can be argued that if a student lacks one or more of the first four kinds of knowledge
highlighted by Mayer and Wittrock (2006) then they are unlikely to succeed in solving the
investigative problem. Therefore, both the hindrances and the types of knowledge generally
point to the same thing. Factual and conceptual knowledge can be seen as related to the
second hindrance identified by Watts (challenges to knowledge and understanding) while
strategic and procedural knowledge are connected to the third one (the need for specific

skills). The beliefs can be viewed as related to the psychological hurdles.

Beliefs can also be viewed from an epistemological perspective. In the current study,
epistemological beliefs refer to students’ beliefs about the nature of knowledge and how
knowing is achieved (Labbas, 2013). These beliefs impact on students’ thinking processes,
conceptualisation of learning and learning approach preferences and ultimately their
performances in investigations (Sadi & Dagyar, 2015). The instruction experienced by

students shapes their epistemological perceptions of investigations ((Tsai, 1998). In addition
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Buehl and Alexander (2001) assert that students’ academic settings and cultural diversity play
a role in their epistemological beliefs. Such contexts may be defined by human and physical
resources as well as instructional strategies. School and individual learning orientations form
part for the cultural differences that lead to the reinforcement of particular beliefs, the nature

of knowledge and knowing.

Perry (1970) cited in Tanriverdi (2012) proposed four phases associated with the
development of epistemological beliefs which are dualism, multiplism, relativism and
commitment. Building on Perry’s work, Schommer (1994) identified four type of
epistemological beliefs with naive to sophisticated as the opposite extremes. Naive students
view the contemporary body of scientific knowledge as absolute. They therefore see science
processes and concepts as refined and believe that their responsibility as students is to learn
them by heart and then regurgitate them when required. As such, their favoured approach to
investigations is inclined towards surface learning where memorisation of experimental
procedures is prevalent. Literature gives credence to the fact that naive beliefs are promoted
by objectivist teaching strategies where knowledge transmission is regularly (Chai, 2010;
Hogan, 1999). In the case of investigations, the activities would be organised in a way that is
structured with limited student autonomy. Sophisticated students acknowledge the dynamic
and evolving nature of scientific knowledge and seek to improve their personal conceptual
and procedural understanding at every opportunity (Schommer, 1994; Tanriverdi, 2012).
They use investigations to forge new knowledge or gain a deeper understanding of concepts
learned theoretically. This is encouraged by constructivist learning spaces (Chai, 2010) where
the students have relatively more autonomy in choosing, designing and performing
investigations. It can be argued that such students show enhanced capabilities in
problematising, hypothesising, designing and carrying out investigations. They are naturally
predisposed to high intrinsic motivational levels, characteristic of deep learning and positive
self-efficacy.

Self-efficacy has its roots in Bandura’s social learning theory, now known as the
social cognitive theory. It influences students’ affective dispositions and ideas about
themselves as learners and elevates their motivation to learn while transforming their
behaviours (Bandura, 2001). Based on the social cognitive theory, Bandura (2001)
understands self-efficacy as a student’s belief about their academic, organisational and
behavioural capabilities in order to accomplish their targets in learning situations. Mastery

experiences, observation, social persuasion and physiological states are the tenets which
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singularly or collectively induce self-efficacy (Bandura, 1997). For example, student’s
personal or colleagues’ performances in investigations, exogenous encouragement that they
can successfully design and carry out investigations and affective states can impact on self-
efficacy and performance. Naturally, good academic performances will raise students’ beliefs

about their own self-efficacy.

Students’ self-efficacy can be linked to prior learning experiences. Li, Liang, and Tsai
(2013) suggest that students’ conceptions of learning science can have a positive impact on
their self-efficacy in investigations. Such conceptions of learning science are built over many
years as direct consequence of the students’ learning contexts and experiences. As has
already been alluded to, learning contexts and experiences produce students’ with approaches
ranging from surface to deep learning which are associated with low and high efficacy in
investigations respectively (Sadi & Dagyar, 2015). The same argument can be extended to
how students’ approaches to designing and carrying out investigations. Those with a low
efficacy tend to be unsystematic while those with high efficacy will be methodical and more

successful.

It has been highlighted in chapter on that A-Level chemistry examiners for the
practical examinations report poor performances by students in investigations every year.
Chin (2003) identified a number of weaknesses shown by students when doing this type of
practical work. First, the activation of prior knowledge is not always successful. Students
often fail to retrieve the required theoretical and practical knowledge. In addition, prior
knowledge and experiences can lead to incorrect predictions, inaccurate data and hence
erroneous interpretations. Second, planning and designing is compromised by students’
failure to identify, control, manipulate and measure any variables involved. The planning
often lacks procedural details including how data should be collected, recorded and
processed. Third, performing the proposed plan is usually characterised by a flawed use of
equipment resulting in errors in measurements resulting in inaccurate interpretations and
deductions. Fourth, students do not show competence in data processing and presentation.
They fail to draw tables, different types of graphs and leave out the units of measurements.
Tables and graphs are left without the necessary headings and labels. The fifth common
weakness is related to data interpretation and drawing conclusions. Data sense making is
often incorrect and in some cases students falsify results in line with preconceived ideas.

Students’ write-ups also show evidence of limited or absence of reflexive practice. These
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weaknesses clearly indicate that the concerned students may not be using effective

approaches when they do investigations.

Summary of interpretive framework

Based on the literature above the interpretive framework was developed. It has a
number of components with the approaches to investigations at the core. These are linked
together in Figure 2.7. The interpretive framework was used to categorise students by
approach, first from a learning perspective and second from a designing perspective. The
details of how it was used are presented in chapters four and five respectively. The various
factors which influence the use of one approach or the other were important in understanding

why the students approached investigations the way they did.

epistemological
beliefs
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relevant topics and
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Figure 2.7 Components of the interpretive framework
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2.7  Avreview of literature on approaches to investigations

In the preceding section, an outline of the interpretive framework which guided the
study, and was used in the interpretation of the data, was presented. In this section, | deal
with relevant literature on approaches to investigations. Guided by the interpretive
framework, the review of the research literature is presented in two parts, one covering the
approaches to investigations from a learning perspective and the other from a designing
perspective.

2.7.1 A review of literature on approaches to investigations from a learning

perspective

There is abundant literature on practical work in science at global level with the
leading scholars focusing on its role and effectiveness (Abrahams & Millar, 2008; Abrahams
& Reiss, 2012; Dillon, 2008; Hodson, 1993; Millar, 2004, 2010; Toplis & Allen, 2012),
assessment (Abrahams, Reiss, & Sharpe, 2013; Moeed, 2015; Roberts & Gott, 2004), the
teaching and learning of the scientific methods (McPherson, 2001; Millar, 1989; Osborne,
2014), students’ understanding of scientific inquiry (Millar, 1997) and process skills
(Ozgelen, 2012; Padilla, 1990). Millar’s work in particular has extended science educators’
conceptualisation of practical work and scientific inquiry as well as contributing to the debate
on its effectiveness in achieving the intended aims and objectives in various science
education curricula. The focus on the assessment of practical work, especially in the form of
investigations, by scholars as such Abrahams, Moeed, Reiss and Sharpe has raised questions

on the learning derived from the related activities.

Abrahams and Reiss (2012) carried out a project aimed at improving the effectiveness
of practical work in schools in England. They studied 30 wide ranging practical lessons
delivered by teachers who had undergone a professional development programme to improve
their instructional strategies with respect to practical work. It was a multi-site case study in
which data were analysed based on what students do and think in relation to intended
outcomes set by their teachers. They found out that recipe type practical work helped students
develop better conceptual understanding. There were no deliberate instructional strategies to
help students to link observations to substantive knowledge during open-ended

investigations. Consequently, these practical activities were ineffective in enabling students
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to link scientific ideas, make sense of what they were doing and engage in reflective practice.
This implies that what the students were expected to learn from investigations was not

achieved.

In South Africa, Ramnarain and Hobden (2015) explored how teachers supported
grade nine students doing science investigations. Data were collected by administering a
questionnaire to 55 teachers and observing students doing science investigations on five
occasions followed by teacher interviews. They found out that students did not have
autonomy in doing investigations with teachers using a range of strategies to support students
at different stages of the investigation. As opposed to the earlier study by Abrahams and
Reiss (2012), where students lacked the necessary support in order to learn what was
intended, Ramnarain and Hobden suggest that excessive assistance rendered to students
during investigations takes away the autonomy that is necessary for students to learn to work
like real scientists apart from developing process skills. If students are assisted at every stage
of an investigation, they might discover what is intended but deep learning might be
curtailed. In addition any iterative practice will not be due to the students’ self-reflective
practice but induced by teachers questioning their planning, data collection, processing and

interpretation of results.

A study on the views of high school students, teachers, subject advisors and
inspectors on school science from year 9 to year 12 in England was carried by (Nott &
Wellington, 1999). Their focus was on practical work, Sc1 investigations and how the nature
of scientific ideas was taught. Scl investigations are similar to what A-level students do in
that they are short term in nature, investigations which can be completed in short periods,
usually between 30 minutes to an hour. They collected data, through questionnaires and
interviews, from teachers and their 11 to 16-year-old students. Part of the findings was that
most of the participants felt that Sc1 investigations were predominantly about achieving good
marks and less about learning and understanding science concepts. Nott and Wellington

commented that:

Scl investigations are generally routines that teachers know will provide access to all the
levels and can be organised and completed quickly in small ‘windows’ of time. They are
frequently done holistically to ‘get them out of the way’ — not because teachers want to
provide a comprehensive view of investigations or problem-solving. The skills and processes
of investigations are not taught but experienced, and the conduct of investigations is about
summative marks for GCSEs rather than formative assessment to become a competent
scientist. In that both students and teachers see them as more about getting marks than
learning some science, the assessment tail is definitely wagging the science dog. (p. 17)
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The influence of assessment on how investigations are done at high school level was
candidly expressed by one teacher in a later study by (Abrahams, 2005):
When we do investigations I'm perfectly honest with the kids. I’ll say to them that, as a piece
of science, I think this is garbage, in terms of getting coursework marks it’s superb. So we’ll
just play the game, we’ll spend two or three weeks playing the game, getting some good

marks, and then we can move on and do some science again. That’s intellectual honesty.
(p.136)

More recent research in New Zealand (Moeed, 2010) explored how an investigation
assessment initiative influenced teaching and students’ motivation to learn. Data were
collected from Year 11 students and teachers in selected schools through document analysis,
surveys, classroom observations and interviews. Moeed’s findings included that the narrow
scope of the investigations covered by the formal assessment promoted a surface approach
instead of the more desirable deep approach to learning. Students set personal academic
targets and showed high levels of motivation to achieve good grades. A more recent study by
Moeed (2011) focusing on teachers’ perspectives in science investigations following changes
in the New Zealand high school assessment policy “teachers responded to the assessment
requirement of science investigation by taking a pragmatic approach and tailoring their
teaching and assessment process to their specific needs” (p. 93). The collection of findings
and comments from studies focusing on assessment of investigations suggest that the nature
of the prescribed assessment tasks and the need for good grades influenced both instructional
strategies and students’ approaches. Therefore, the driving force, when doing investigations,

appears to be meeting examiners’ expectations rather than meaningful learning.

While there seems to be concern about the assessment of investigations and the
learning related to these practical activities, the studies reviewed are silent on the approaches
by the students. Given the scarcity of studies focusing on approaches to investigations, useful

insights can be drawn from literature on students’ approaches to learning in general.

A study whose participants were 243 students from an English university was done by
C. F. Smith and Mathias (2010) to determine students’ approaches to learning a course in
anatomy. They collected data using the Approaches to Study Skills Inventory for Students
(ASSIST) developed by Tait and Entwistle (1996). The participants were found to be deep
learners especially at the beginning of their studies. A shift towards a strategic approach
occurred as they progressed from first to final year. Students associated with a strategic
approach were also found to produce better academic performances. The two researchers
assert that both the design of the curriculum and the mode of assessment are major factors in
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the furtherance of effective learning. This study was of interest in relation to the current study
in the sense that an anatomy course for medical students is characterised by a lot of practical
work and investigations in particular. The gap between first year medical students and final
year A-Level high school students is small, thus the approaches to learning are relatively
comparable. University students in their first year, in all probability retain the approaches to
learning that are characteristic of their pre-university years until they are well adapted to their

new teaching and learning environment.

In Australia, Trigwell, Prosser, and Waterhouse (1997) carried out a study to establish
the relationship between university students’ approaches to learning and the teaching
approaches used by their teachers in chemistry and physics modules. They collected data
from 46 teachers using the Approaches to Teaching instrument developed by Trigwell and
Prosser (1996) and from 3956 students by using the Study Process Questionnaire (Biggs,
1987b). They established that teacher-centred teaching approaches were often associated with
surface learners while students whose teachers used learner-centred approaches were
classified as deep learners. While this study contributed significant insight with respect to the
thinking behind the teachers’ preferred teaching approaches and the resultant student
learning, the lack of qualitative data from students means the reason for their adoption of

surface or deep learning remained unclear.

Chin and Brown (2000) investigated the differences in six eighth-grade American
students’ approaches to learning by observing them doing practical work co-operatively
before interviewing them. They established that those who employed a deep approach were
eloquent in describing their procedures while those with a surface approach demonstrated
shortcomings in procedural and factual knowledge. Chin and Brown asserted that scaffolding
coupled with classroom discussions before and after the practical activities, could be effective
in transforming surface learners to deep learners. This study was an explanatory case study in
which the qualitative data gathered was meant to get a deeper understanding of the
differences in the students’ factual and procedural knowledge. This study fell short of
establishing why the students planned and performed their practical activities the way they

did, which could have given insight into the contextual factors influencing their actions.
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2.7.2 A review of literature on approaches to investigations from a design perspective

Some of the leading scholars in practical work in science like Hodson (1990),
Woolnough and Allsop (1985), and Wellington (2000) have focused on developing,
analysing and extending various models for designing and carrying out investigations. The
models, such as the PSC, provide useful instructional tools for designing and executing
investigations (Gott & Duggan, 1995). Some researchers have focused on process skills over
the years (Germann, Aram, & Burke, 1996) with the aim of establishing students’
competence levels when they do investigations. A few scholars have dedicated time to

investigating how students approach investigations from a design perspective.

Watson (1994) did a study on 11 and 12 year old students’ engagement in
investigations. He collected data by observing 13 students doing the investigations and found
out that those who performed badly in the investigations were not methodical in their
planning and arrived at solutions that were not consistent with their experimental data. Their
approach was unsystematic and characterised by unproductive use of time. Watson (1994)
concluded that the absence of co-operative learning during the investigations meant students
were unable to assist each other in constructing appropriate experimental designs. His
recommendation was that teachers should help students apply the steps outlined in the PSC
thereby inculcating reflective practice. In a another study, Hackling and Garnett (1995)
established that problem perception, reformulation and planning were major limitations when
students do investigations. Students’ experimental designs (sequence of steps) did not clearly
indicate how they intended to collect, record and process data before they started doing the
proposed experiments. Insufficient control of variables led to erroneous data interpretation.
Furthermore, there was evidence pointing to the fact that students were often not cognisant of
the methodological limitations of their experimental designs. Based on these findings it can
be said that the participants in Watson’s (1994) and Hackling and Garnett’s (1995) studies
were inclined towards a divergent approach to planning, designing and carrying out
investigations. Divergent in this context refers to an approach which is all over the place.
Omissions of some steps in the PSC and a failure to identify weaknesses in their own
sequence of experimental steps are an indication of an absence of iteration in the execution of
the science investigation. Both sets of researchers’ recommendations apparently suggest that
limitations in the instructional strategies of the teachers could have precipitated a divergent

approach to investigations.
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A study by Toh, Boo, and Yeo (1997) added weight to the argument that good
instructional strategies can help students perform well in investigations. According to their
findings, students with a sound understanding of both substantive and procedural knowledge
outshined their counterparts who had substantive but lacked procedural knowledge. Another
important finding from their study was that the possession of procedural knowledge led to
better planning and communication skills but execution and data interpretation remained
problematic. In light of these findings, it would appear that if teachers want to improve the
performance of their students in investigations, they should equip them with procedural
knowledge. They should also train them based on the iterative approach, which emphasises

reflective practice.

Kanari and Millar (2004) carried out a study in which they sought to understand how
students collect and interpret data in investigations. One of their aims was “to identify
common approaches and patterns in students’ reasoning as they collect data in a practical
science inquiry task and draw conclusions from it” (p. 751). They conducted an experiment in
which the participants had to perform two investigations on fair testing. Ten students from
each of the age groups 10, 12 and 14 years participated in each investigation. Video recording
and interviews were the main data collection methods. The performances of the students in
each of the two tasks were similar. Students performed differently depending on the existence
of covariation or non-covariation of variables. They showed limited understanding of
measurement of error leading to deficiencies in dealing with non-covariation. Kanari and
Millar worked with Physics students and one of the assumptions they made was that students
are competent in designing and carrying out investigations but fail to collect sufficient data or
draw credible conclusions from their own data. This is in sharp contrast with the situation
observed with A-Level Chemistry students in Zimbabwe where the reported problem is that
of students’ failure to design or plan the investigations (ZIMSEC, 2010, 2011, 2012a).

Hammann, Ehmer, Grimm, and Phan (2008) carried out a quantitative study on the
designing skills of 11 year old high school biology students in which they highlighted the
scarcity of studies that focus on designing and carrying out of investigations. They did a
comparative study on the performance of students in a laboratory seed-germination
experiment and students’ experimental planning and data analysis skills in a written test. In
the laboratory experiment, “planning was assessed in action” (p. 69) which meant students
collected and analysed data from their own experiments, which were not always correctly

designed and executed. Only two of the 24 participants methodically planned their
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experiments while the majority were unmethodical and incorrect. A notable finding of this
study was that those who had flawed experimental designs consequently made invalid
conclusions save for those who were able to identify weaknesses in their own planning.
While there is a notable age difference between the participants in this comparative study and
my research, useful insights can be drawn from this finding. It can be argued that success in
designing investigations and carryout investigations hinges on the students’ competence in

procedural knowledge.

In a survey study, Ercan and Tasdere (2011) investigated the skills level of 206
second year Turkish pre-service teachers in experimental design by administering a multiple
choice questions based Scientific Operation Skill Test followed by a Test of Scientific
Processing Skills For Teachers with open-ended questions. The participants found the
multiple choice items more manageable compared to the open-ended questions but in both
cases, the majority of them were not as competent in designing experiments. They conceded
that designing experiments is an integrated process skill that is difficult to master especially
for students who are taught science in a traditional way. This survey study did not go as far as
understanding why the participants chose to design the experiments the way they did which
could have helped in coming up with the necessary remedial action. Since these were second
year undergraduate students, it can be inferred that they did not master the art of designing

experiments during their high school days and the problem persisted at tertiary level.

Roberts et al. (2010) did research on the role of substantive and procedural
understanding in relation to students’ ability to carry out open-ended investigations. It was a
transformative case study whose 91 participants were second year undergraduate pre-service
teachers. The participants were asked to perform an investigation (pre-test) before being
equipped with basic procedural understanding of doing investigations, as an intervention
strategy, after which they were asked to do the science investigation again (post-test). In both
cases, they were given a question and all the material required but they had to come up with
the experimental design themselves. The findings were that the participants showed an
improved appreciation of data sets and tended to employ an iterative approach as a direct
response to the data they collected during the investigation. The participants were found to
engage in reflective practice, something that was missing before the intervention strategy was
undertaken. This leads to the conclusion that deliberately planned teaching methods that give
students a good foundation in procedural and substantive knowledge can bring about

increased capacity to design and carryout investigations. This study by Roberts et al. (2010)
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also points to the skills gap with respect to investigations that undergraduate students bring

with them from high school.

Keiler and Woolnough (2002) carried out a study in one school which highlighted
students’ concerns with investigations. Limited time, lack of familiarity with apparatus and
the almost exclusive association of investigations with assessment were the concerns raised
by the students. In the same study students viewed their teacher’s role as a trainer and
provider of ideal strategies that would help them to maximise their performances in

investigations.

2.7.3 Minding the gap in literature

A review of Zimbabwean literature revealed a dearth of research on investigations and
approaches to learning in general. The same can be said of Sub-Saharan literature (Mogre &
Amalba, 2015). Much of the research on high school chemistry education in Zimbabwe has
focused on the teaching process (Mandina, 2012) and students’ performance (Kazembe &
Musarandega, 2012) in A-Level Chemistry. Globally, there is abundant literature on
students’ approaches to learning (C. F. Smith & Mathias, 2010), the relationship between
teaching and learning approaches (Trigwell et al., 1997) and the effect of teaching and
assessment on students’ approaches (Moeed, 2010) but does not make direct links to the
specific area of science investigations. As far as students’ approaches from a designing
perspective, a lot of work has been done on identifying students’ approaches from
experimental data (Hackling & Garnett, 1995; Hammann et al., 2008; Kanari & Millar, 2004;
Toh et al., 1997; Watson, 1994). Notably, none of these studies were done with A-Level
students as participants. The researchers either collected data from students at a lower or
higher level compared to A-Level. Perhaps this is not surprising because researchers often
collect data from participants that are accessible to them. Consequently, university lecturers,
the major contributors to science education research, often collect data from undergraduate
students. The scarcity of relevant literature, with respect to approaches to investigations at A-
Level, can also be attributed to the fact that very few countries outside the UK follow the
British education system, apart from the former British colonies such as Zimbabwe. In this
study a relatively unexploited group of participants is used as a data source, not just to
identify their approaches to investigations from two perspectives, but also to understand why

they use specific approaches.
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2.8  Conclusion

Practical work is a core element of chemistry education and takes various forms, one
of which is investigations. When doing investigations, students varying degrees of autonomy
in using the scientific methods to develop and use a range of basic and integrated process
skills. By doing investigations, students are equipped with knowledge and process skills that

will be useful in their future studies as well as professional and everyday lives.

In the process of doing investigations students show weaknesses in both substantive
and procedural knowledge (Roberts et al., 2010). These weaknesses are compounded by
psychological hurdles, which have their origins in the students’ epistemological beliefs about

teaching and learning, teaching and learning context, and self-efficacy (Watts, 1994).

Given the documented poor performances in investigations by A-Level chemistry
students, the focus of this study is on their (students) approaches from two different
perspectives, which comprise the theoretical framework. Firstly, from a learning perspective,
deep, surface and strategic approaches can be singled out. Secondly, the design perspective is
also associated with three different approaches which are iterative, linear and divergent.
Literature suggests that the summative assessment of investigations prescribed in curriculum
documents influences instructional strategies and by extension the approaches adopted by the
students. There seems to be a consensus in literature that students’ approaches are dynamic,

hence change depending on the task, module and context.

Most of the literature reviewed gave insight into the approaches to learning adopted
by students in various university modules and high school subjects in general. Studies on the
approaches from a design perspective are also scarce and largely limited to tertiary level
students as the participants. Consequently, exploring students’ approaches in a specific
problem area of A-Level Chemistry emerged as an enticing study. Identifying the approaches
and how they emerge may provide answers to why students perform badly in investigations,

which may in turn act as a springboard for planning and implementing remedial actions.
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CHAPTER 3
THE RESEARCH DESIGN

This study explored A-Level chemistry students’ approaches to investigations. The
main focus question was: What are A-Level students’ understandings and approaches to

investigations? The research questions derived from it were:
1. How do students approach investigations from learning perspectives?
2. How do students approach investigations from designing perspectives?
3. What are the students’ understandings of investigations?
4. Why do students approach investigations the way they do?

A synopsis of the methodology used to accomplish this study was outlined in Chapter
One. In this chapter details of the methodology are provided, including the fieldwork

undertaken to gather data which was used to provide answers to the research questions.

The philosophical foundation of this study is pragmatism and the stated research
questions informed my choice of the mixed methods research approach. The link between the

paradigm, research questions, approach, design and tools is illustrated in Figure 3.1.

Research Tools

. Research Research Mixed-method (survey questionnaire,
Paradigm | questions Approach |, design J  semi - structured
(Pragmatism) (What, (Mixed-methods) (Quasi convergent [~7| ~ questionnaire,
how, why) parallel design) observations,
interviews)

Figure 3.1 The research design map

3.1 The research approach

The research methodology and design adopted for this study is based on a pragmatic
paradigm. It was deemed appropriate to explore the students’ approaches to investigations by
exploiting all the means available. According to Mertens (2010), a paradigm defines how one

sees the world and is shaped by various philosophical assumptions. For any paradigm, four
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philosophical assumptions (belief systems) can be identified which are ontology,

epistemology, axiology and methodology (Creswell, 2009; Mertens, 2010).

The ontological dimension focuses on the nature of reality. Pragmatists make use of
both the positivist and the constructivist appreciations of reality. While positivists believe that
there is one objective reality, a singular truth, constructivists accept there are several realities
and that different social actors have unique ways of interpreting reality (Morgan, 2007).
Instead of aligning with one world view or the other, pragmatist stance meant embracing both
ontological perspectives in this study (Mertens, 2010). In the view of Descombe (2008),
pragmatism is a “practice-driven” (p. 280) paradigm hence it allowed me to adopt whatever
was effective (Maxcy, 2003) with respect to investigating the practical problem which
prompted the undertaking of this study. Cohen et al. (2011) emphasise that pragmatists
consider “fitness for purpose and applicability” (p. 23) when carrying out a research study.
This study is double edged. The quantitative section of the study brings with it the idea of an
objective reality while the qualitative one recognises the existence of multiple realities. The
quantitative data was an ideal vehicle to categorise the participants as belonging to one
category or the other. The qualitative data went a step further. Apart from categorising the
participants, qualitative data helped me to understand why the participants adopted one

approach or the other as influenced by their context.

Positivists and constructivists differ in what they believe to be credible knowledge.
According to Wahyuni (2012), the epistemological stance of positivists is that only
“observable phenomena can provide credible data and facts” (p. 70) while constructivists
give value to “subjective meanings and social phenomena” (p. 70) as forms of data. Cohen et
al. (2011) assert that epistemology deals with the “ways of researching and enquiring into the
nature of reality and nature of things” (p. 3). In this study, credible knowledge was derived
from both observable phenomena (the approaches to investigations) and subjective meanings
(the understandings of investigations and why students approach them the way they do).
Thus, different perspectives were engaged in order to achieve the intended outcome (Maxcy,
2003; Wahyuni, 2012), that is, providing answers to the proposed research questions. To find
answers to the question on how students approached investigations from a learning
perspective, a survey questionnaire was administered to the participants. The rest of the
research questions were answered using textual data from documents, semi-structured
guestionnaires, interviews and lesson observations in which multiple realities were

represented.



49

The third belief system, axiology, which is taken into consideration in framing this
study is about the role of values. | adopted both etic and emic approaches in gathering data
(Wahyuni, 2012). Using an etic approach in gathering quantitative data meant that | had no
influence on the data generated while in the emic approach | was immersed in the data
collection process thereby introducing relative subjectivity in its interpretation (Guba &
Lincoln, 2005; Morgan, 2007; Wahyuni, 2012). The use of a survey questionnaire to gather
quantitative data for this study was convenient as it was the best and easiest way to collect a
lot of data to answer the first research question. My relationship with the participants changed
when | collected the necessary qualitative data. It meant greater interaction with them, lots of
conversations and spending many hours in their laboratories observing them doing their

practical work.

The methodology forms the fourth philosophical assumption and constitutes the
bridge between the research focus and methods (Mertens, 2010). Johnson and Onwuegbuzie
(2004) argue that pragmatism gives researchers the opportunity to employ a cocktail of
research methods as dictated by their research questions. Onwuegbuzie and Leech (2005) in
their attempt to promote the use of pragmatism argued that methodological pragmatism
should replace dogmatic methodological approaches as may be demanded by the research
questions. As Greene, Caracelli, and Graham (1989) put it, the research questions play a
pivotal role when designing a mixed methods study. The specific questions that guided this
study could best be answered by using a combination of quantitative and qualitative

approaches to gathering data. Consequently, | used a mixed method methodology.

Descombe (2008) says that the mixed methods methodology has the advantage of: (a)
enhancing the accuracy of data; (b) producing a more complete picture (of the phenomenon)
by merging complementary types of data; (c) side-stepping biases inherent in quantitative or
qualitative on its own and (d) building on the initial findings by employing different data
types. Using a mixed method methodology enabled me to combine the strengths of both
qualitative and quantitative methodologies in a single study. This, in other words, helped to
overshadow the weaknesses of either methodology on its own. This study explored the
approaches to investigations from a learning as well as a designing perspective. The learning
perspective lends itself largely to a qualitative approach while the designing perspective is

aligned with the quantitative one.
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The credibility of a mixed methods study hinges on a good and carefully crafted set of
research questions (Tashakkori & Creswell, 2007). The study should be driven by what and
how or how and why questions (Cohen et al., 2011; Mertens, 2010; Tashakkori & Creswell,
2007). Cohen et al. (2011) go on to suggest that the research questions do not necessarily
have to be a ‘hybrid’ (p. 24), that is, what and how or how and why combined in one question.
Separate questions can also be asked, each falling under one of quantitative and qualitative.
The focus questions of this study were separate what, how and why questions. | used the
quantitative data to answer the what question, one how question required quantitative data
while the other was answered using qualitative data. The why question was responded to by

interpreting data from all the sources.

There are various types of mixed method designs identified in literature. In a
convergent parallel design, quantitative and qualitative data is collected simultaneously and
then merged for interpretation purposes (Cohen et al., 2011; Creswell, 2009). The researcher
would then be able to explain points of convergence or divergence. Another mixed methods
design identified by Cohen et al. (2011) is quasi-mixed. In a typical quasi-mixed design, both
quantitative and qualitative data are gathered but not merged in order to answer any of the
research questions. Each data set is kept separate and is used to answer a different question in
the same study. While this is largely so in this study, there is partial mixing of data in order to
comprehensively answer the second research question on how students approach
investigations from a learning perspective and the fourth question on why students approach
investigations the way they do. | therefore call the design | used in this study quasi

convergent parallel design. This design is illustrated in the flow diagram in Figure 3.2.

Quantitative Interpret

data collection | Quantitative Merge and explain
and analysis results results convergence
or divergence

Qualitative data Qualitative Interpret
collection and results =»| and explain
analysis

\ 4

Figure 3.2 The quasi-convergent parallel design

Data from the semi-structured questionnaire was coded during analysis to categorise

each student as falling under deep, strategic or surface approach. The results of this data
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analysis were then compared with the results from the survey questionnaire data. The rest of
the qualitative data was analysed and interpreted separately to answer research questions one,
three and four. The research methods and data collection process are described and explained

in greater detail elsewhere in this study.

3.2  The participants

The population of students who enrol for A-Level Chemistry in Zimbabwe averages
3500 each year. The average number of students in an A-Level Chemistry classroom across
the country is 25. The average age of A-Level students is 18 years across all schools, hence
it’s safe to say they have the same level of maturity. Although these students do their A-Level
studies in different schools scattered throughout the country, their contexts share similar

characteristics.

Firstly, to enrol for A-Level studies one should have passed five O-Level subjects at
Grade C or better, including Mathematics and English at home (first) language level. Owing
to the limited number of schools offering A-Level sciences, the competition for places is
high. Consequently, those who study A-Level Chemistry, in all probability, would have

achieved at least five A’s at O-Level, including an A in Chemistry or Physical Sciences.

Secondly, all the schools that offer Chemistry at A-Level have a standard laboratory
approved by the Ministry of Primary and Secondary Education. The A-Level Chemistry
syllabus outlines the minimum laboratory equipment for each student and schools are obliged
to meet these requirements. Consequently, such schools are few and far between. It can
therefore be concluded that all A-Level Chemistry students in the country have comparable

resources irrespective of the schools they attend.

Thirdly, all the schools follow the same curriculum and write the same examination
administered by ZIMSEC. Each A-Level Chemistry class has a designated laboratory session
where they cover the practical component of the syllabus. This is in addition to the practical
activities that they do in the form of demonstrations or otherwise to reinforce relevant
concepts during their regular Chemistry lessons which cover the theoretical components of

the syllabus.
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Fourthly, for one to teach A-Level they must be a holder of at least a bachelor’s
degree. It can therefore be concluded with reasonable confidence that A-Level Chemistry

students throughout the country are taught by teachers with comparable qualifications.

A total of 50 students from two classes in two similar schools were purposively
sampled for this study (Cohen et al., 2011). The two schools were within a 60 kilometre
radius from where | stayed during the data collection period. This allowed me to travel
between the schools and attend all their designated practical sessions thus enabling me to
collect all the necessary data. | chose to use non-probability purposive sampling in order to
provide significant depth to my study although the breadth could have been compromised
(Cohen et al., 2011). According to the same authors, 30 is the minimum acceptable sample
size. However, they caution that small samples undermine statistical generalisation. | found
the sample of 50 students to be a fairly representative given that their characteristics matched

those of the population of A-Level chemistry students in Zimbabwe as described above.

Of the 50 students, 42 were boys and eight were girls. The average age for the whole group
was 18.16 years. The majority of the participants were 18 years old with only eight aged 19.
This was significant in two ways. First, this meant that all the participants had reached the
age of consent in the Zimbabwean context hence it was not necessary to seek parental
consent to collect data from them. Second, the age range of 18-19 years has largely been left
out by researchers focusing on approaches to learning as has been pointed out under the

literature review section in chapter two of the current study.

An impressive 100% of the participants achieved a grade A in the Chemistry O-Level
public examinations making them above average performers in the subject. It is therefore not
surprising that they chose to study the subject at A-Level. All the students who took A-Level
Chemistry were compelled to take Mathematics in both schools. According to both chemistry
teachers, this was meant to ensure that all the students taking science at this level had the
mathematical skills required to do practical work of a quantitative nature and study
Chemistry topics such as Stoichiometry, Reaction Kinetics, Molecular and lonic Equilibria
and Chemical Energetics. Chemistry and Mathematics were therefore, by design, common
subjects for all those who chose do science subjects at A-Level. The students then chose
either Physics or Biology depending on their career aspirations. 30 of the students were doing

Physics and the others Biology.
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3.3  Ethical issues

When doing a research study that involves gathering data from other people, it is
mandatory to get permission from the relevant authorities and individuals involved.
Permission was obtained from the Ministry of Primary and Secondary Education, Zimbabwe,
before applying for and getting ethical clearance from the Research Ethics Office of the
University of KwaZulu-Natal. All the teachers and students who participated in this study
filled in consent forms, in which all of them agreed to be photographed and video recorded,
without applying any coercive force. Time was taken to explain to the participants how their
anonymity would be protected. In all the questionnaires, worksheets and transcripts the actual
names of the participants were replaced with codes or pseudonyms in order to protect their
identity (Blaxter, Highes, & Tight, 2006; Cohen et al., 2011). The transcripts of the focus
group discussions and interviews with the chemistry teachers were made available to the
corresponding participants for member checking to ascertain the veracity of the data before
embarking on data analysis. | asked them if they wanted any part of the transcripts to be
changed through deletions or additions. All the participants were satisfied that the transcripts
were a correct record of what they had said during the focus group discussions and
interviews. Interacting with the participants at this stage also gave me an opportunity to thank

them for their individual and collective contributions.

3.4 Data collection methods

The quantitative data for this study were obtained through a survey questionnaire
(Appendix E) administered to all 50 students. Qualitative data were gathered through a semi-
structured questionnaire, observations, focus group discussions, interviews and document
analysis. The data consists of exhaustive “descriptions of participants’ activities, behaviours
and actions recorded in observations of practical sessions, direct quotations of their
(participants) experiences, opinions, feelings and knowledge gathered from focus group
interviews as well as excerpts, quotations or entire passages from various documents”

(Merriam, 2009, p. 85).

3.4.1 The Approaches to Investigations Inventory for Students (ASIIS)

A survey questionnaire was designed and administered in order to determine and

describe the students’ approaches to investigations from a learning perspective. Cohen et al.
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(2011) identified several characteristics of survey questionnaires. According to them, a
survey questionnaire generates accurate data through piloted and revised instruments, gathers
standardised information (using the same instrument for all participants), captures data from
Likert type items, generates data that can be processed statistically and provide descriptive,
inferential and explanatory information. These characteristics point to some of the advantages
of using a survey questionnaire. It is efficient and economical as data is gathered from many,
if not all, participants simultaneous (Guthrie, 2010). The unobtrusive nature of this data
collection method is another significant advantage. Apart from explaining the aim of the
questionnaire and assuring the participants that their identity would not be revealed in the
study, there was no influence on their responses. Cohen et al. (2011) add that the anonymity
and confidentiality of the participants is significantly improved by aggregating the data in the
analysis stage. The data from the fifty students was analysed together to identify group

patterns, without trivialising atypical cases.

Surveys generally depend on huge amounts of data when the aim is statistical
generalisation (Cohen et al., 2011; Creswell, 2009). As explained in an earlier section, a
relatively small convenient sample was preferred for this study in order to do an in-depth
study of their approaches to investigations. | was however, cognisant of the limitations of the

study in terms of statistical generalisation from the onset.

The instrument was designed to gather data in order to categorise students based on
the constructs of deep, strategic and surface learning. Since this was an exploratory study no
hypotheses were formed, the intention was to gather descriptive data in the form of factual
information based on the preferences, behaviours and experiences of the participants (Cohen
etal., 2011; Guthrie, 2010).

A number of instruments, referred to as inventories, have been designed over the
years with the aim of assessing students’ approaches to learning in general. These include,
among others, the Approaches to Study Inventory (ASI) by Entwistle, Hanley, and Hounsell
(1979) which evolved into the Revised Approaches to Study Inventory (Entwistle & Tait,
1994) and then to the Approaches to Study Skills Inventory for Students (ASSIST) by Tait
and Entwistle (1996) and a more recent version by Entwistle et al. (2013). These instruments
were largely aimed at understanding students’ learning at tertiary level. Entwistle, Tait, and
McCune (2000) administered the ASSIST to South African and Scottish university students
in a comparative study. Although the South African context is closer to the Zimbabwean one,
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the educational level of participants is different since I collected data from A-Level chemistry
students. Biggs (1987c) on his part developed the Study Process Questionnaire (SPQ)
together with a secondary school version called the Learning Process Questionnaire (LPQ)
(Biggs, 1987a). While it might have seemed logical to adopt Biggs’ LPQ, the items on this
instrument were found to be less suitable as many of them were too general and could not be
satisfactorily modified to suit this study. For example, the first item on the question read: “I
chose my present subjects mainly because of career prospects when | leave school, not
because I'm particularly interested in them” (Biggs, 1987a, p. 42). | found the ASSIST to be
more comprehensive as it includes a section on preferences for teaching. As has been alluded
to earlier, the teaching methodologies employed by teachers often shape students’ approaches

to learning (investigations).

The ASSIST (Entwistle et al., 2013) was modified to produce a survey questionnaire
entitled Approaches to Investigations Inventory for Students (ASIIS) (Appendix E). Just like
in the original ASIST, the items in the ASIIS address deep, strategic and surface approaches
to learning. The ASIIS excludes Section A from the ASSIST but adopts the structure of
Sections B and C. The ideas in Section A of the ASSIST were included in a separate semi-
structured questionnaire which was administered to all the participants. I modified all 52
questions in Sections B and C of the ASSIST to suit this study. Examples of the differences
between the ASSIST and the ASIIS are shown in Table 3.1.

Table 3.1 Differences between the ASSIST and ASIIS

ASSIST ASIIS

1. I'manage to find conditions for studying 1. I'manage to find conditions for doing
which allow me to get on with my work investigations that allow me to get on with
easily. my work easily.

2. When working on an assignment, I'm 2. When doing an investigation, | keep in mind
keeping in mind how best to impress the how best to impress the marker.
marker.

3. Often I find myself wondering whether the 3. Often I wonder if the investigations | am
work | am doing here is really worthwhile. doing are worthwhile.

Another deviation from the ASSIST is that the Likert scale in my questionnaire runs from 1
(disagree) to 5 (agree) as opposed to 5 (agree) to 1 (disagree). This decision to invert the scale

was informed by the results of the pilot study which is discussed below.
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Piloting and administration of the survey questionnaire

The designing of the questionnaire was done in a recursive manner. This is illustrated
in Figure 3.3. After drafting the questionnaire, | administered it to a group of 11 A-Level
Chemistry students. This was done three months prior to the commencement of the main data
collection process. As a result of the feedback received from the pilot participants, the Likert
scale was changed to run from 1 to 5. The pilot participants suggested that a scale running
from 1 to 5 gave the impression of ‘low to high’ (disagree to agree) which was easier to
remember and use in answering the questions. The changes of responses (crossed out their
original choices and selected a different option) on 5 (n=11) of the questionnaires provided
proof that some participants could have been confused by the scale. In addition to this, the
scale was inserted on the top of each page for easy reference.

To guarantee a high return rate of the survey questionnaires, the participants
completed them in my presence. This also ensured that the participants would not consult
each other when responding to the items thus enhancing the validity of the data collected.

Figure 3.3 illustrates the development and administration of the survey questionnaire.

Purpose of survey
guestionnaire

I

¢ Reviewing literature on

N Designing of survey

approaches to learning Choosing data

o Structure and wording of questl_onnalre X processing method
questions ﬂ
Pilot survey

Survey questionnaire
modified

Main survey

|

Data capturing and
analysis

|

Reporting

Figure 3.3 The design and administration of survey questionnaire
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3.4.2 The designing and understanding questionnaire (DUQ)

A more open-ended qualitative semi structured questionnaire was administered to the
participants in order to gather data with respect to their understanding of and approaches to
investigations. It was also used as a precursor to focus group sessions with students and one-
on-one interviews with their teachers. To enhance the validity of the data collected, the DUQ
contained open-ended questions thus allowing respondents to frame the answers in their own
words (Cohen et al., 2011; Guthrie, 2010; Jackson, 2008). The only restriction was the space
provided on paper for them to write their responses. The multiplicity of responses expected
when people express their understanding of a scientific phenomenon meant that open-ended
questions were an appropriate choice (Cohen et al., 2011). The relatively small number of
participants, conveniently and purposively chosen, meant that the textual data would be

manageable.

Cohen et al. (2011) point out that semi-structured questionnaires often have the
disadvantage of gathering ‘irrelevant and redundant information’ (p. 382). Another
shortcoming of this method cited in literature is related to the challenges of analysing the
textual data given the significant variations in the responses (Bell, 2010; Cohen et al., 2011).
To reduce the impact of these weaknesses, the DUQ was piloted three months prior to the

commencement of the data collection process.

Piloting the DUQ
The DUQ was piloted with 11 A-Level students to ascertain its validity. This was

done with the same group of students used in piloting the survey questionnaire. The
participants were asked to make comments if they didn’t understand any of the questions.
While no comments were made by the students, the completed questionnaires revealed blanks
or very short phrases especially in the first question. I suspected that there may have been
problems with understanding terms such as science investigation and sources of
investigations. | therefore included accompanying explanations or examples to ensure that |

would collect relevant data.

Two experienced lecturers, one of them an associate professor and the other an
experienced chemistry educator, were requested to review the same DUQ. The feedback
received led to significant modifications to the original questionnaire. The associate
professor’s feedback read, “There is need to rearrange the questions to start from less to more

complex. For example, I consider the conceptualisation of an investigation to be a
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challenging question, especially to high school students”. The experienced chemistry
educator said, “While | acknowledge that the questions seek to gather relevant data for your
study, I suggest that you expand on them to make sure that the respondents will understand

what you are looking for”.

Consequently, the questionnaire was restructured to bring more clarity to the
questions and reflect a gradual increase in complexity. In addition, a fourteenth question was
added to allow respondents to express any other views related to the way they do
investigations. Table 3.2 shows the first four questions of the both the pilot and the final draft
questionnaires illustrating the changes made as a result of the feedback received from the
students and my colleagues. The complete versions of the questions are found in Appendix
M.

Table 3.2 Versions of the DUQ

Pilot Questionnaire Final draft
1. In many of your practical sessions you are 1. One of the assessment areas in the A-Level
asked to design, plan and carry out an Chemistry syllabus is ‘Experimental Skills and
investigation. What is an investigation to you? Investigations’. Consequently, in the practical

sessions and examinations, you are asked to
design, plan and carry out an investigation. |
am also aware that you did an investigation in
your last practical session. What was it about?
2. What in your opinion is the role of 2. Describe to me how you went about designing,
investigations in your study of Chemistry? planning and carrying out this investigation.
Did you use any specific
strategy/steps/method/procedure?
3. Youdid an investigation in your last practical 3. Did you find yourself stuck at any moment
session, what was it about? during the investigation? If so, how did you
solve the challenge, if at all?

4. Have you done a similar investigation before? 4. How successful were you in planning and
If so briefly describe what the investigation performing the investigation? Did you manage
was about. to produce the desired plan and results?

3.4.3 Direct observation of practical work sessions

Observation involves systematically looking, noting and recording events, behaviours,
artefacts and routines within the context in which the study is done (Cohen et al., 2011,
Marshall & Rossman, 2011). Observation as a method of data collection is based on the
assumption that “behaviour is purposeful and expressive of deeper values and beliefs”

(Marshall & Rossman, 2006, p. 98). The coverage of the A-Level Chemistry curriculum was
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done in two parts. There were four 70 minutes sessions in which they covered the theory
component of the syllabus and one two-hour session dedicated for practical work each week.
The practical sessions fell on Thursdays for both classes, one in the morning and the other in
the afternoon with a two and half hour gap in-between them. | made a decision not to observe
the theory lessons for logistical reasons. It was difficult to schedule the visits in two locations

and also see the theory lessons because the timetables in the two schools overlapped.

Four practical sessions were observed per class and in each case two of them were
video recorded. During the observations, data was also captured through field notes. The
practical sessions were very similar in style and after consultation with teachers, | came to the
decision that further observations would result in very similar data as this was their routine

way of doing investigations.

The observation of students doing investigations was often punctuated with informal
interviews and document perusal if clarifications of observed behaviour was needed
(Marshall & Rossman, 2011; Merriam, 2009). This allowed me to collect authentic data from
the natural environment where they do their practical work, the chemistry laboratory (Cohen
et al., 2011). By doing observations, | was able to gain significant first-hand knowledge of
the context and give accounts of specific incidents and behaviours which could not have been
obtained otherwise. Some of the observations were then used as referents in interviews and

later on during data analysis and interpretation (Marshall & Rossman, 2011).

The data from the observations was essentially used to answer the research questions
on how students approach investigations from a designing perspective as well why they

approached them the way they do.

3.4.4 Documents analysis

According to (Merriam, 2009), document is an umbrella term referring to “a wide
range of written, visual, digital and physical material relevant to the study at hand” (p. 139).
To begin with, documents of interest were students’ worksheets and their teachers’ plan
books. Gathering data from these documents had the advantage of being unobtrusive and it
offered me a deeper understanding of the phenomenon through accessing students’ practical
worksheets covering investigations done even before the data collection process began
(Marshall & Rossman, 2011; Merriam, 2009). By going through the practical worksheets it

was possible to determine each student’s approach from a designing perspective. Part of the
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outcomes of the focus group discussions with the student participants, led to the inclusion of
O-Level Chemistry syllabus and textbooks as relevant data sources. The types of practical
work prescribed for O-Level and the nature of the practical activities in the textbooks were of
special interest.

The data from documents was used to complement what | got from the completed
DUQ, observations, focus group discussions and interviews with teachers (Marshall &
Rossman, 2011).This data was useful in answering the questions on how students approach
investigations from a designing perspective as well as why they approached investigations the
way they did.

3.4.5 Focus group interviews

An interview is a purposeful conversation between the researcher and the participant
aimed at collecting data that will help answer the research questions (Marshall & Rossman,
2011; Merriam, 2009). In choosing to interview students, | was influenced by Patton (2002)
who says:

We interview people to find out from them those things we cannot directly observe..... We

cannot observe feelings, thoughts and intentions. We cannot observe behaviours that took

place at some previous point in time. We cannot observe how people have organized the
world and the meanings they attached to what goes on in the world. We have to ask people

guestions about those things. The purpose of interviewing, then, is to allow us to enter into the
other person’s perspective. (p. 340-341)

Focus group interviews were, in my opinion, an ideal way of collecting data given
that the total number of students involved was 50. Instead of choosing a few students for one-
on-one interviews, | felt focus groups would involve more students and hence help me
capture large volumes of more credible data quickly. In addition, the attitudes and beliefs that
people possess are not formed in isolation but constructed in social settings (Marshall &
Rossman, 2011). People often use other people’s opinions to develop their own. Marshall
continues to say that focus groups are done in a more comfortable social environment

compared to one-on-one interviews.

Open-ended questions were used during the focus group interviews (Merriam, 2009).
This allowed the participants to express themselves uninhibited while according me a deeper
appreciation of the meanings attached to regular activities associated with investigations. The

high level of personal interaction with the participants during a focus group session is
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sometimes viewed as a weakness since they (participants) may find it difficult to talk about
some issues deemed sensitive (Merriam, 2009). | had anticipated that the students would be
unwilling to share with me everything | wanted to explore, for example, the instructional
approaches used by their teachers (Marshall & Rossman, 2011). However, surprisingly, there

were no topics that were considered untouchable by any of the focus group participants.

The focus group sessions allowed me to probe the students on some of their responses
recorded in the DUQs. The questionnaire served as a precursor to the focus group
discussions. The data from the questionnaires was captured and used to formulate questions
that guided the discussions. Thus having a panoramic idea of how students conceptualise and
approach investigations assisted me in probing specific areas of interest. The focus group data
gave me valuable insight into the students’ understanding of investigations, how they
approach them from learning and designing perspectives and why they approach them the
way they do. This alternative data source provided an opportunity for triangulation during

analysis.

In each school, | had a maximum of two hours to complete the discussions due to
other school activities. The second term is traditionally a very busy time of the school year
due to various sport competitions. Each focus group discussion lasted an average of 25
minutes. It meant that there was only time to do four groups in each school. The participants
for each focus group session were organised in a systematic way. Each of the two Chemistry
groups was divided into quartiles based on their term one examination performances. Each
focus group was composed of four students, one from each of the quartiles. This ensured that
each group had students with differing abilities which increased the probability of having a
diversity of views and ensuring robust discussions during each session. The purpose was not
to obtain group consensus. It was possible to probe students on their responses since all the
participants’ names were available to me. While | was busy with one group, the rest of the
students were kept occupied by their teacher, which eliminated the risk of interviewed
students sharing the discussion proceedings with colleagues who had not yet been

interviewed.

All the interviews were done on the same day. There was a one and half hour time
difference between the end of the last focus group discussion in one school and the
commencement of the first one in the second school. This was meant to ensure consistency in

the way | asked the questions. Although it was exhausting to do all ten interviews in one day,
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the vibrancy and robustness of the discussions kept me going. The first two focus group
sessions in each school were relatively longer than the last two. This can be explained in two
ways. Firstly, experience helped me to ask the questions in a clearer way and coordinate the
discussions better each time. Secondly, the answers were similar which eliminated the need

to probe extensively during the last two sessions.

3.5 Data transformation and analysis

Quantitative data

The survey questionnaire data was first captured on an excel spreadsheet before
loading it onto Statistical Package for Social Scientists (SPSS) 23. The SPSS is a software
used to by researcher and statisticians to analysis and present numeral data (Cohen et al.,
2011). This enabled the researcher to determine descriptive statistics values such as mean and
standard deviation as well as Cronbach alpha coefficients to test the reliability of the data.
Descriptive statistics are useful in describing a sample without necessarily generalising the
findings to include the parent population (Bell, 2010). The group and individual mean
agreement scores generated from the ASIIS were used to categorise the students according to
the approaches of deep, strategic and surface. The standard deviations gave an indication of

the spread of views with respect to the constructs and items under each approach.
Qualitative data

Data analysis in this study involved “organising, accounting for and explaining the
data, making sense of data in terms of the participants’ definitions of the situation noting
patterns, themes, categories and regularities” (Cohen et al., 2011, p. 535). The same authors’
idea of ‘fitness for purpose’ was also embraced during the analysis and presentation of
qualitative data. Consequently, some of the qualitative data was transformed through coding,
using NVivo 11. NVivo is a type of computer software which facilitates the collection,
processing and analysis of qualitative data in the form of texts, photographs, video and sound
recordings (Cohen et al., 2011). Appropriate mother nodes and child nodes were created as
was found necessary to enable counts to be made and themes to emerge (Bazely & Richards,
2000).
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An excel spreadsheet was used to capture and organise the responses generated from
the DUQ. The spreadsheet, which shows the participants and their responses to each of the
questions was then loaded into NVivoll for thematic analysis. The constructs of iterative,
linear and divergent approach, reflected in the theoretical framework for this study, were used
as the basis for coding process. Codes were also generated based on the emerging themes on
students’ understanding of investigations, and why they approached them the way they did.

Appendix N shows a sample NVivo 11 output illustrating themes and counts.

Data from documents and observations of practical sessions were captured through
field notes as indicated in section 3.6.2. Video recordings and photographs were taken to
improve the accuracy of the data collected from these sources. I personally produced
summaries of the video recordings which enabled me to do the initial isolation of themes as
well as acquiring a detailed understanding of the data. I also did the transcription of all the
focus group and teacher interviews. | then reported the emerging themes from the qualitative
data as assertions (Gallagher & Tobin, 1991) to reflect both the abductive nature of the study
and “ the situational nature of the findings” (Nolen & Talbert, 2011, p. 270).

The confidentiality of the data and anonymity of the participants was guaranteed by
using pseudonyms while keeping a record of their actual names for tracking purposes and
linking with data from other sources. All these forms of qualitative data were loaded into
NVivo 11 for systematic analysis (Cohen et al., 2011). The analysis of the qualitative data, to
come up with themes, was done in an iterative manner to ensure it was exhaustive. The

process is illustrated in Figure 3.4.
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Data collection

Quantitative data Qualitative data
[survey guestionnaire + [semi-structured questionnaire,
transformed gualitative data) observations, documents, interviews)
= L

Excel spreadsheet

Field notes, transcripts

Coding with NVIVO

(predetermined
Descriptive statistics from constructs +
SPSS emerging themes)
[predetermined constructs ) [ 2

Themes

Conclusions (drawing + verification)

Figure 3.4 Systematic data analysis (adapted from Miles and Huberman (1994))

3.6  Validity and reliability

When doing research, it is essential to ensure that the data gathered is authentic and
will help answer the proposed research questions (Cohen et al., 2011; Yin, 2009).
Appropriate choices of research methods and strategies should be followed by thorough data
analysis and assertions born from the evidence at hand. At the same time the researcher
should be able to discard any alternative explanations that can be inferred from the same data
collected (Cohen et al., 2011; Yin, 2009).

The use of multiple data sources and triangulation enhanced the credibility of the
study (Cohen et al., 2011; Patton, 2002; Yin, 2009). Data triangulation was used in this study
by taking advantage of the data collected using various methods namely semi-structured
questionnaire, documents and focus group discussions. For example, in the DUQ and focus
group discussions, the participants were asked to describe how they went about designing,
planning and carrying out investigations. Their descriptions were used to categorise them
under iterative, linear or divergent approaches. This was then followed by an analysis of their

scripts to see if their descriptions matched what they did in practice leading to categorisation



65

based on a third source of data. A more detailed analysis of the data related to this example is

presented in chapter five.

Throughout the study, a research database was kept in the form of detailed
descriptions of methods; choices of participants and the data collection process in order to
enhance the reliability of my study (Cohen et al., 2011; Geertz, 1983; Yin, 2009). All the
transcripts of the focus group discussions and teacher interviews were subjected to member

checking to ascertain their accuracy.

3.7 Conclusion

This study was grounded within a pragmatic paradigm and a mixed methods approach
adopted. A quasi convergent parallel mixed methods design guided the data collection and
analysis process. To achieve an in-depth study of the A-Level students’ approaches to
investigations, data was collected from two purposively chosen classes containing a total of
50 students who | consider to be representative of the population of all A-Level students
doing Chemistry. Quantitative data was gathered through a survey questionnaire while
qualitative data was obtained from direct observation of practical sessions, document
analysis, a semi-structured questionnaire and student focus group and teacher interviews.
The quantitative data was processed using SPSS 23 to obtain descriptive statistical values
which were then used to draw conclusions on the approaches used by the students from a
learning perspective (Cohen et al., 2011). The qualitative data was analysed using NVivo to
determine the students’ approaches to investigations from a designing perspectives as well as
drawing assertions on their understanding of investigations and why they approach
investigations the way they do.

The findings of this study are presented in three chapters. Chapter four deals with
students’ approaches to investigations from a learning perspective while chapter five covers
the approaches from a designing perspective. In chapter six, the findings on students’

understanding of investigations, and why they approach them the way they do are presented.
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CHAPTER 4
THE LEARNING PERSPECTIVE

In the preceding chapter, the paradigm, research approach, design and data collection
methods for this study were described together with the reasons for their selection. Four
research questions were put forward to guide this study and form the basis for designing the
data collection instruments. The questions were framed to explore how students approach
investigations from both learning and designing perspectives, their understandings of
investigations and why they approach investigations the way they do. In this chapter, the data
presented was used to provide answers to the first research question on how students approach
investigations from a learning perspective. The approaches to investigations from a learning
perspective framework discussed in greater detail in chapter two was used to make sense of the
findings. The framework identifies three distinct approaches, namely deep, strategic and

surface, which were used to profile the participants based on the data they provided.

Quantitative data was obtained from more than one instrument as can be inferred from
the quasi concurrent-parallel mixed methods design explained in chapter three. These
instruments were a survey questionnaire (ASIIS), a semi-structured gquestionnaire (DUQ) and
focus group interviews. The data from the DUQ and focus group discussions were transformed
through a coding process to produce numerical data. The details of the data transformation
process are described in the corresponding sections where the data were also presented.

The first set of data was obtained through the administration of a survey questionnaire
to 50 A-Level Chemistry students. The first part of the survey questionnaire was meant to
collect demographic data from the student participants which was deemed relevant to give
context to the understanding of their approaches to investigations. The demographic data was
presented in chapter 3. The second part was about students’ approaches to investigations. The

data were captured and analysed using SPSS 23.

4.1 Approaches to investigations from a learning perspective: group analysis
of ASIIS data

The main part of the Approaches to Investigations Inventory for Students (ASIIS)
survey questionnaire used in this study had 61 items and the data collected was used to

categorise the students as having a deep, strategic or surface approach to investigations. Each
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of these categories had sub-constructs that were linked to four questions on the ASIIS. Table

4.1 shows the constructs falling under each of the approaches.

Table 4.1 Constructs under deep, strategic and surface approaches
Approach Constructs and associated questions on the ASIIS
Seeking meaning (SM) [4; 17; 30; 43]
Deep Relating ideas (RI) [11; 21; 33; 46]

Use of evidence (UE) [9; 23; 36; 49]
Interest in investigations (1SI) [13; 26; 39; 52]
Organised (O) [1; 14; 27; 40]

Strategic Time management (TM) [5; 18; 31; 44]
Alertness to assessment demands (AA) [2; 15; 28; 41]
Achieving (A) [10; 24; 37; 50]
Monitoring effectiveness (ME) [7; 20; 34; 47]
Lack of purpose (LP) [3; 16; 29; 42]

Surface Unrelated memorisation (UM) [ 6; 19; 32; 45]
Syllabus-boundness (SB) [12; 25; 28; 51]
Fear of failure (FF) [8; 22; 35; 48]

The questionnaire was validated by administering it to 11 A-Level Chemistry students and
reviews from an associate professor and a senior lecture in the chemistry education

department as outlined in Chapter three.

Testing the reliability of the ASIIS

The ASIIS data was captured on an excel spreadsheet and then loaded onto SPSS 23
to ascertain the reliability of the instrument and determine the relevant descriptive statistical
values. The reliability of the ASIIS was tested based on internal consistency and to check
“that the items combined to produce scores which have high enough positive inter-item
correlations to produce meaningful scores” (Speth, Namuth, & Lee, 2007, p. 108).
Cronbach’s alpha was used to determine the internal constancy of the items. The coefficients
for the deep (o = .62), strategic (a =.75) and surface (o = .64) approaches were all greater
than (o = .60), which is considered to be reliable internal consistency by Cohen et al. (2011).
Descriptive statistical parameters such as the mean were used to categorise the students

individually and collectively in terms of deep, strategic and surface approaches.
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Assertion 1: A-Level chemistry students are predominantly strategic in their approach
to investigations

The ASIIS data was processed by grouping the questions falling under one construct
and calculating the average scores. Subsequently, the mean agreement scores of the
constructs under each approach were calculated and compared with the scale to determine
whether the group or the student fell under deep, strategic or surface approach. Table 4.2
shows the group means and standard deviations for each of the constructs under each

approach.

Group data: The mean agreement scores show that the students are strategic (M = 4.44)
in engagement with investigations. All the constructs under the strategic approach have high
means above (M > 4.00). For example, the construct alertness to assessment demands (M =
4.66, SD = .39) has a high mean agreement score. The items corresponding to this construct
were: 2. When doing an investigation, | keep in mind how best to impress the marker (M =
4.58); 15. I look carefully at the teacher’s comments on my investigations to see how to get
higher marks next time (M = 4.80); 28. | keep in mind how my Chemistry teacher marks our
investigations and what he is likely to be looking for (M = 4.48) and 41. | keep an eye open
for what my teacher thinks is important when doing investigations and concentrate on that (M
=4.78).

The constructs monitoring effectiveness (M = 4.69) and alertness to assessment
demands (M = 4.66) show significantly higher means than the others in this category which
could be an indication of the students’ desire to do the investigations correctly and score high

marks by satisfying the teacher’s (examiner’s) expectations.

Under the deep approach, seeking meaning (M = 3.9, SD = .78) was the only construct
with a group mean below 4.00. This construct had the largest standard deviation indicating a
more pronounced spread in the responses. This was caused by moderate mean agreement
scores for two of the items: 17. When | read about a concept in a Chemistry textbook, I think
of an investigation that | could do to understand it better (M = 3.46) and 30. When | am doing
an investigation | stop from time to time to reflect on what I am trying to learn from it (M =
3.32).
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Table 4.2 Group means of the constructs under the approaches to investigations
from a learning perspective

Approaches and constructs N Mean Std. Deviation
Deep approach 50 4.07

Seeking meaning 50 3.79 .78
Relating ideas 50 4.28 57
Use of evidence 50 4.19 .56
Interest in investigations 50 4.03 71
Strategic approach 50 4.44

Organised 50 4.15 .69
Time management 50 4.32 .60
Alertness to assessment demands 50 4.66 .39
Achieving 50 4.40 .65
Monitoring effectiveness 50 4.69 .35
Surface approach 50 2.78

Lack of purpose 50 1.92 .86
Unrelated memorisation 50 3.09 74
Syllabus-boundness 50 3.43 97
Fear of failure 50 2.70 91

Agreement scale: 1 —1.99 = very low; 2.00 — 2.99 = low; 3.00 — 3.99 = moderate; 4.00 — 5.00 = high

The mean agreement for the surface approach construct (M = 2.78) is low but two of
the sub-constructs under this approach show interesting means. A moderate agreement score
for syllabus-boundness (M = 3.43, SD = .97) possibly means that the students rely on syllabus
specifications to prepare for investigations. The A-Level chemistry syllabus outlines the
practical work syllabus and the nature of the investigations to be done and how they will be
assessed. Unrelated memorisation (M = 3.09, SD = .74) also scored moderately. This might
indicate that students acknowledge that they learn by rote because they don’t understand the
chemistry at times. Of note is the fact that the construct lack of purpose (M =1.92, SD = .86)
had a very low mean, the lowest mean agreement score of all the constructs. The item with
the lowest mean agreement score for this construct, and for all constructs, was: 16. There is
nothing on investigations in Chemistry that I find interesting (M =1.32) [Table 4.3]. Based
on this very low mean agreement score, it can be said that the investigations done by the
students are probably achieving the objective of generating interest in the subject to some

extent.



Table 4.3 Descriptive Statistics for linked to the construct Lack of purpose

N Mean  Std. Deviation
3. Often | wonder if the science 50 3.14 1.63
investigation | am doing is
worthwhile.
16. There is nothing on science 50 1.32 91
investigations in Chemistry that |
find interesting.
29. When doing science 50 1.72 1.29
investigations | sometimes
wonder why | chose to do
Advanced Level Chemistry.
42. 1 am not really interested in 50 1.50 1.07

Chemistry but | have to take it
for other reasons.

Part B of the ASIIS asked the student participants about their preference for teaching,
resources, and practical examinations. This section had items linked to the deep and surface
approaches but not the strategic approach just like in the original ASSIST. The assumption
was that the type of teaching students receive has a strong influence on their approaches to

investigations. Table 4.4 summarises the students’ preferences in rank order based on the

mean agreement score for all the students.

The data for students’ preferences for teaching, resources, and examinations with

respect to investigations showed inconsistencies. A high mean for item (b) indicated that
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most of the students preferred chemistry teachers who encouraged them to think for ourselves

and showed them how they themselves think. Only 3 of the 50 students did not agree. Most

of the students (44 of 50) also preferred practical examinations that allowed them to

demonstrate their thinking capacity and apply chemistry concepts. The students were divided

over ‘a chemistry practical syllabus that encourages us to read around a lot for ourselves’

with 29 students agreeing and 21 of them disagreeing. A moderate mean agreement score was

the result. A low mean agreement score for item (g) was due to more than half of the students

(29 of 50) not preferring investigations that were challenging and requiring them to go

beyond the material learnt in class with the teacher. With three of the items under supporting

understanding having high or moderate means, the group can be viewed as having elements

of a deep approach.



item with a high mean. 40 of the 50 students (M = 4.24) preferred textbooks that have
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Computing the mean agreement scores for transmitting information produced only one

descriptions of investigations that can be easily learned. This is associated with a surface

approach. Equal numbers of students (24 of 50) agreed or disagreed with the idea of teachers

telling them exactly what to do during investigations and examinations that are restricted to

what is specified in the syllabus. The means of the mean agreement scores for both sets of

items were moderate hence the group cannot be viewed as exclusively having a deep or

surface approach.

Table 4.4 Preferences for different types of teaching, resources, and
examinations with respect to investigations in Chemistry

Item | Preferences for different types of 1 2 3 4 5 Mean

teaching, resources, and Disagree Disagree Unsure Agree agree

examinations with respect to somewhat somewhat

investigations in Chemistry

Supporting understanding (related to a deep approach)

Chemistry teachers who encourage us 1 2 1 11 35 4,54
b to think for ourselves and show us how

they themselves think.

Practical examinations that allow me 0 6 0 8 36 4.48
c to demonstrate my thinking capacity

and apply chemistry concepts.

A chemistry practical syllabus that 7 12 2 12 17 3.40
f encourages us to read around a lot for

ourselves.

Investigations that are challenging and 22 7 5 8 8 2.46
g require us to go beyond the material

learnt in class with the teacher.

Mean of mean agreement scores 3.72
Transmitting information (related to a surface approach)

Chemistry teachers who tell us exactly 8 16 2 10 14 3.12
a what to do during investigations.

Practical examinations that need only 10 14 2 15 9 2.98
d assess us on investigations described in

our chemistry textbooks and in past

examination papers.

A chemistry practical syllabus that 3 5 4 17 21 3.96
e clearly states the investigations that we

will be examined on.

Chemistry textbooks that have 1 4 5 12 28 4.24
h descriptions of investigations that can

be easily learned.

Mean of mean agreement scores 3.58
Agreement scale: 1-1.99 =verylow; 2.00-299=Ilow; 3.00-3.99 = moderate; 4.00-5.00 = high
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Individual students’ data: The scores for the constructs falling under each approach
were collated and used to determine mean agreement scores which were then used to
categorise each student according to the approaches of deep, strategic and surface. The mean
agreement scores of all the constructs in each category were calculated and compared, as
reflected in Table 4.5, in order to assign the corresponding approach for each student. The

highest mean agreement score was used to assign the approach in each case.

Table 4.5 Individual students' means per approach based (ASIIS data)

Participant Deep Strategic  Surface Participant Deep  Strategic Surface
STD1 4.56 4.70% 2.81 STD26 3.31 4.25% 2.31
STD2 4.13 4.90* 2.63 STD27 3.56 4.10* 3.88
STD3 4.56 5.00* 3.00 STD28 3.13 3.35* 2.88
STD4 4.00 4.55* 2.75 STD29 4.06 4.30* 2.00
STD5 3.63 4.80* 2.06 STD30 3.88 4.15% 2.81
STD6 4.63* 4.55 3.25 STD31 3.06 3.75* 2.38
STD7 4.44 4,95 2.31 STD32 3.94 4.35% 3.19
STD8 413 4.90* 2.63 STD33 4.00* 3.80 3.50
STD9 3.94 4.458 2.75 STD34 4.13 4.15% 3.88
STD10 3.31 4.55* 2.25 STD35 4.19 4.65* 3.25
STD11 3.69 4.55% 3.00 STD36 3.88 4.75% 2.38
STD12 4.63* 4.30 1.81 STD37 4.63* 4.25 3.31
STD13 3.88 4.55% 3.50 STD38 3.44* 3.10 3.19
STD14 4.63* 4.55 2.38 STD39 3.56 4.40% 2.56
STD15 4.19 4.85* 2.13 STD40 4.13 4.70% 2.69
STD16 4.50 4.90* 3.00 STD41 4.38 4.90* 2.06
STD17 3.94 4.50* 3.19 STD42 4.31 4.40% 2.94
STD18 4.31* 3.95 2.38 STDA43 3.88 4.65* 4.44
STD19 4.56 4.85* 2.69 STD44 3.75 3.95* 2.31
STD20 431 4.45* 3.44 STDA45 431 4.55* 2.19
STD21 4.63* 4.55 2.38 STD46 4.75 4.90%* 3.06
STD22 4.69* 4.60 2.06 STD47 3.44 4.25* 2.19
STD23 3.69 4.10* 3.63 STD48 4.00 4.60* 2.69
STD24 4.44% 4.25 3.06 STD49 4.31 4.45% 2.56
STD25 3.69 4.60* 2.94 STD50 4.38 4.60* 2.56

Totals 10 40 0

*Highest mean agreement score
Table 4.5 shows that 10 of the students were associated with a deep approach while 40 of 50
fell under the strategic approach. None of them could be placed under the surface approach.
One participant, however had a high mean score for surface approach (M = 4.44) although
they fell under the strategic approach (M = 4.65). A second student also recorded their second

highest score under the surface approach (M = 3.88) while falling under the strategic



73

approach (M = 4.10). Seven other students had moderate mean scores for the surface
approach. These results indicate that although they report being strategic learners, they do
have elements of surface learning perhaps because they don’t understand some ideas and so

just learn anyway as important for high marks.

4.2 Approaches to investigations from a learning perspective: DUQ data

The data from the DUQ were also used to categorise the students based on the
approaches of deep, strategic and surface. Four questions (Question 5 to 8) were aimed at
gathering data to help understand how students approached investigations through a narration
of how they went about planning, designing and carrying out this type of practical work, the
strategies they used, the challenges they faced and how they overcame them and what they
learned. The statements made by the students in the DUQ were analysed, coded and recoded
to ascertain that the categorisation of each student participant was thorough and consistent
with the data available. Abductive reasoning was used to determine the approach for each
student. Abductive reasoning entails “inferring a case from a rule and a result” (Svennevig,
2001, p. 2). The defining characteristics of the three approaches (Table 2.3) were used to
determine the approach associated with each one of the students based on what they said. The
statements in Table 4.6, taken from the DUQ data, illustrate how the categorisation of the
students according to approach was done. 12 of the participants were classified under the
deep approach, 38 as strategic and none could be classified under the surface approach.

Table 4.6 Exemplar statements and corresponding approaches from a learning
perspective (DUQ, May 21, 2015)

Participant Statement Approach

... L knew that Pb®* forms a white ppt upon adding NaOH(aq) and
Mn?* forms (an) off-white ppt insoluble in excess but both being in
the same solution, | filtered the mixture and obtained a filtrate
containing Pb?* and a residue containing Mn?*. For the filtrate |

STD8 added dilute HCI drop by drop then formed a white ppt upon Deep
addition which was insoluble in excess. For the residue | placed the
funnel in another test tube with the filter paper containing the
residue and then added dilute HCI to the residue to form MnCl;
which | knew to be insoluble upon addition of the acid. Both of
these Pb?* and Mn?* where now separated as precipitates and the
experiment was done.

I firstly asked myself, what's my aim and what are my variables. | strategic
then put myself in the examiner's shoes, authority wise. | planned
STD33 my steps in such a manner that any other student could carry it out.

*No students were placed under the surface approach
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It was deemed necessary to compare the results of the ASIIS to those of the DUQ in
order to determine the nature of the correlation. This way it was possible to make judgements
about the consistency of the categorisation of students by approach. This was also a form of
data triangulation based on the two different types of data collected (Cohen et al., 2011).
Table 4.7 shows the approaches assigned to each student based on the data collected using the
ASIIS and DUQ.

Table 4.7 Comparison of students' approaches from ASIIS and DUQ

Participant Approach Approach Participant ~ Approach Approach
from ASIIS from DUQ from ASIIS from DUQ
STD1 strategic strategic STD26 strategic strategic
STD2 strategic strategic STD27 strategic strategic
STD3 strategic strategic STD28 strategic deep
STD4 strategic strategic STD29 strategic strategic
STD5 strategic deep STD30 strategic strategic
STD6 deep strategic STD31 strategic strategic
STD7 strategic strategic STD32 strategic strategic
STDS8 strategic deep STD33 deep strategic
STD9 strategic strategic STD34 strategic strategic
STD 10 strategic strategic STD35 strategic deep
STD11 strategic strategic STD36 strategic strategic
STD12 deep deep STD37 deep strategic
STD13 strategic strategic STD38 deep deep
STD14 deep deep STD39 strategic strategic
STD15 strategic strategic STD40 strategic strategic
STD16 strategic deep STD41 strategic deep
STD17 strategic strategic STD42 strategic strategic
STD18 deep strategic STD43 strategic strategic
STD19 strategic strategic STD44 strategic strategic
STD20 strategic strategic STD45 strategic strategic
STD21 deep deep STD46 strategic strategic
STD22 deep strategic STDA47 strategic strategic
STD23 strategic strategic STD48 strategic strategic
STD24 deep strategic STD49 strategic deep

STD25 strategic strategic STD50 strategic deep
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The number of students under the deep approach based on the DUQ data was 12 and 38 for
the strategic approach compared to 10 and 40 from the ASIIS data respectively. No students
were classified under the surface approach for both the DUQ and ASIIS data.

The data shown in Table 4.7 was transformed to quantitative data by assigning ordinal values
to each of the three approaches to investigations. The deep approach was assigned a value of
1, the strategic approach a value of 2 and the surface approach a value of 3. This meant the
approaches were arranged in rank order deep (1) as the best approach to surface (3) as the
worst of the three approaches. The two sets of data (ASIIS and DUQ) were then loaded onto
SPSS 23 and processed to determine the nature of the correlation between them. The
Spearman rank order correlation factor was used for this study as it is recommended for
ordinal data (Cohen et al., 2011).

The two data sets from the ASIIS and DUQ gave Spearman’s rank order correlation
of .868 as reflected in Table 4.8. This is considered to be a strong positive correlation (Cohen
etal., 2011).

Table 4.8 Spearman's rank order correlation based on ASIIS and DUQ data

ASIIS DUQ

Spearman’s rho ASIIS Correlation Coefficient 1.000 -.024
Sig. (2-tailed) . .868

N 50 50

DUQ Correlation Coefficient -.024 1.000

Sig. (2-tailed) .868 .

N 50 50

38 of the 50 students’ approaches in the two data sets in Table 4.7 matched hence the
strong positive correlation. Only 12 students’ approaches did not match. One possible
explanation to the mismatch is that when these students were asked to describe their
approaches in their own words in the semi-structured questionnaire, they tended to do it more

accurately compared to when responding to questions on the Likert scale.

The data from the focus group discussions was also used to categorise the participants
according to their approaches to investigations from a learning perspective. Each of the 32
students who were part of the focus group (FG) discussions were asked to describe how they
went about planning, designing and carrying out this type of practical work, the strategies
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they used, the challenges they faced and how they overcame them and what they learned just
like in the semi-structured questionnaire. There difference was that during the focus group

discussions there was probing and subsequent clarification of responses.

The categorisation of the students was based on their descriptions of how they
approached investigations and the coding was done using the characteristics of the three
strategies in Tables 2.3 as was done with the data from the DUQ. Examples of statements that
were used to categorise students are shown in Table 4.9.

Table 4.9 Exemplar statements used to categorise students by approach to investigations
from a learning perspective (Focus group discussions, Jun 04, 2015)

Participant ~ Statement from focus group discussion Approach to
investigations from a
learning perspective

It’s all about understanding the question, knowing what is
being talked about in the design question, like the motive
of the design, the reason why they want us to pursue that
investigation. That is why we get them correct, because
STD38 we are able to understand the questions. We are able to Deep
tackle them very well, we understand what is being asked
in the questions. .... Sometimes I actually picture myself
wearing a lab coat actually working for some company
hands-on. Sometimes when we are in the lab for a
practical session | see myself in industry one day.

We should be exposed to, sort of exam conditions. We will
face these conditions in the exam. You are not given the
experiment before. We just meet up with it in the exam.
STD15 So, | think for now we should always work as if we are in Strategic
an exam because we develop the experience to brainstorm
and to think for ourselves.

*No students were placed under the surface approach

Based on the focus group discussions data, 11 students were classified under the deep,
21 under strategic and none under the surface approach. The distribution of students by
approach based on data from all three sources is shown in Figure 4.1. The results show small
differences between the distribution of students by approach using data from the semi-
structured questionnaire and focus group discussions. However, they are bigger differences
(seven) in the numbers of students falling under deep and strategic approaches when data

from the ASIIS and focus group discussions are compared.
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Figure4.1  Comparison of frequencies of students' approaches to investigations:
ASIIS, DUQ and FG data

The approaches to investigations of 32 students, determined from the three data
sources, were analysed to check for the any patterns. The data from this analysis is shown in
Table 4.10.The approaches were not always matched. 17 of the 32 students were categorised
in the same manner in all three cases with 16 falling under the strategic approach and only
one under the deep approach. These results show that half of this subgroup of students were
purely strategic in their approach to investigations. Of the remainder, 10 were classified as
strategic twice and deep once, while 4 fell under strategic once and twice for the deep
approach. One of the thirty two students was categorised as strategic twice and the surface
approach once.

Table 4.10  Summary of students' approaches based on ASIIS, DUQ and FG data

ASIIS + DUQ + FG Frequency
Deep + Deep +Deep 1
Deep + Deep + Strategic 4
Deep + Strategic + Strategic 10
Strategic + Strategic + Strategic 16
Strategic + Strategic + Surface 1

Total 32
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4.3  Discussion of students’ approaches to investigations from a learning
perspective

In this section, evidence from the research data was presented to give answers to the
first question on students’ approaches to investigations from a learning perspective. The
approaches to learning theoretical framework was used to make sense of the findings related
to this research question. The distinct approaches, deep, strategic and surface were identified
by scholars as the approaches adopted by students in their learning endeavours and these
were used to categorise students with respect to how they do investigations.

An analysis of the group data on students’ preferences for teaching, resources, and
examinations showed that they were inclined towards a deep rather than a surface approach
for three of the items under ‘Supporting understanding’. While the students indicated a
predisposition to doing investigations with little or no teacher assistance, thinking for
themselves and demonstrating their mastery of chemistry concepts, they had less agreement
with the statement when it came to investigations that took them beyond the scope of their
chemistry practical syllabus. This tallies with the predominance of the strategic approach
(highlighted in chapter four) where students were conscious of the syllabus specifications and
preferred to channel all their efforts to what they thought would be the subject for

gxamination.

The mean agreement scores for items (h) and (e) in Table 4.4 under ‘Transmitting
information’ are unexpectedly high given that all the students were categorised as having
either deep or strategic approaches. Having textbooks with descriptions of investigations that
can be clearly learned and a syllabus that specifies the investigations that would feature in the
final examination would promote surface and linear approaches. Perhaps the students meant
that the textbooks they use do not have examples which they could refer to and learn to
design, plan and carry out investigations on their own. It is also possible that the students felt
that the scope of the investigations was not clearly delimited in their A-Level chemistry
syllabus judging by the moderate mean agreement score for item (e) on ‘A chemistry
practical syllabus that clearly states the investigations that we will be examined on’. ZIMSEC
states that the scope of the investigations will not be limited to the examples given in the
syllabus booklet (ZIMSEC, 2012b). The moderate mean agreement score for ‘Chemistry
teachers who encourage us to think for ourselves and show us how they themselves think’

and the low mean agreement score for ‘Practical examinations that need only assess us on
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investigations described in our chemistry textbooks and in past examination papers’ are not
surprising given that none of the students were categorised under the surface approach (Table
4.5). The moderate and low mean scores for ‘Chemistry teachers who tell us exactly what to
do during investigations’ possibly means that the students want more autonomy when they do

investigations, which would promote a deep approach.

The most common approach used by A-Level students in designing, planning and
carrying out investigations, across all data sources, was found to be strategic. A small
proportion of the students used the deep approach. The prevalence of the strategic approach
was also reported in a quantitative study by Nordin, Wahab, and Dahlan (2013) in their study
with Malaysian trainee teachers as the participants. Although their focus was not necessarily
on investigations but on learning various courses, the significantly high ratings of the
strategic and deep approaches are comparable. In the current study, it was interesting to note
the changing distribution of the numbers of students classified under each approach for the
survey quantitative questionnaire (ASIIS) data, qualitative semi-structured questionnaire
(DUQ) and focus group discussions (FG) data. Perhaps this justifies the researcher’s decision
to adopt a mixed methods research methodology on the premise that using a multiplicity of
data collection methods can lead to a better understanding of the phenomenon under study.
By using a Likert scale type of survey questionnaire such as the ASIIS, the truthfulness of the
data is not guaranteed as some participants may deliberately give false responses (Cohen et
al., 2011). These authors continue to say:

We have no way of knowing if the respondent wishes to add any other comments about the

issue under investigation. It might be the case that there is something far more pressing about

the issue than the scale includes but which is condemned to silence for want of a category. (p.
388).

The open questions in DUQ may have allowed to describe their approaches without the
restriction imposed by the Likert type items in the ASIIS. Focus groups allowed the students
to express themselves even better orally and the researcher to seek clarifications where
necessary. Focus group data allowed me to do triangulation with data from the ASIIS and
DUQ. Variations in the distribution of the students across the three data sources possibly
points to the differences between what the students think of themselves and what they

actually do during investigations.

In an earlier study by Biggs (1991) high school students of Chinese origin in both
China and Australia were found to be inclined towards a strategic approach while their
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English counterparts (in the same contexts) scored high on the surface approach. As was
discussed in chapter two, since the participants’ A-Level chemistry curriculum is an
adaptation of the one designed by the University of Cambridge International Examinations
(UCLES), the differences in the approaches are worth noting. While Biggs (1991) focused on
learning across many subject areas, it is unlikely that there would be major differences in the
findings if the study was specifically on investigations. The similarities between the
approaches used by Chinese and Zimbabwean students perhaps point to the similarities in
their epistemological beliefs about teaching and learning, and other contextual factors as is
dealt with in greater detail in a later chapter which provides answers to why the participants

of this study approached investigations the way they did.

The existence of a small proportion of students with a deep approach shows that
approaches to investigations are not always uniform even within a cohort of students doing
the same subject (Laurillard, 2005). These findings are also similar to those of Bilgin and
Crowe (2008) whose study on university statistics students from different countries indicated

that approaches vary from student to student.

There are at least three possible explanations for the absence of students under the
surface approach. Firstly, the students who study Chemistry at A-Level are high achievers
who excelled in their O-level examinations. Secondly, their career aspirations demand that
they work towards achieving good grades in order to meet the university entry requirements.
It is also possible that they knew that a surface approach is negative hence responded

accordingly.

The summary of results in Table 4.10 where the approach associated with each
student were collated shows that at least 14 of the participants could be as viewed deep-
strategic students and only three percent as surface-strategic. A combination of approaches
was also reported by Gijbels et al. (2005) in their detailed quantitative study of 133 Dutch
second year law students’ approaches to learning. They preferred to describe the occurrence
of such combinations of approaches as dissonant or disintegrated. With this description, they
seemed to imply that a combination of approaches was not as result of conscious choices by

the participants but rather as conflicting behaviours.

The findings on the participants’ preferred types of teaching, learning resources and
practical examinations were consistent with deep learning although most of the students came

across as strategic. The high scores of the items related to independent learning and
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examinations which bring the best out of them imply that the students are inclined towards
constructivist teaching and learning which is linked to a deep approach and should be
encouraged (Biggs, 1999). The relatively high scores on ‘a syllabus textbooks that have
descriptions of some investigations prescribed for A-Level Chemistry’, can be viewed as
students yearning for a better understanding of examiners’ expectations through more
specific assessment guidelines and exemplar high scoring answers to guide them as they

prepare for high stakes examinations in which they want to achieve good grades.

4.4  Conclusion

This chapter was dedicated to the findings and discussions with respect to the first
research question on how students approached investigations from a learning point of view.
Most of the participants were classified under the strategic approach based on data from three
different sources, a survey questionnaire, a semi-structured questionnaire and focus group
discussions. The relatively high ratings also recorded for the deep approach in the ASIIS gave
credence to the fact that it is not uncommon for students to use a combination of approaches.
The existence of participants with unmatched approaches across the three data sources
advanced the idea that students’ approaches to investigations were dynamic. Alternatively,
they were not self-regulated students and did not know what they were doing. It is also

possible that they were confused and were trying everything to succeed.
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CHAPTER 5
THE DESIGNING PERSPECTIVE

In Chapter Four, | presented and discussed students’ approaches to investigations
from a learning perspective in which the profiling of students was done based on the data
collected using the ASIIS. In this chapter, the focus is on providing evidence to answer the
second research question on students’ approaches to investigations from a design perspective.
The corresponding findings were interpreted based on the interpretive framework which has

three approaches; iterative, linear and divergent.

The A-Level Chemistry practical component requires students to design and carry out
short term investigations which last for anything between 30 minutes and one hour. The
students are expected to demonstrate their ability to select and set up the appropriate
apparatus, determine the correct quantities of substances to use, show awareness of laboratory
safety rules and precautions, enumerate the experimental steps and demonstrate a sound
mastery of the relevant concepts (ZIMSEC, 2012b). To gain an understanding of the
students’ approaches with respect to designing investigations, data was gathered through a
semi-structured questionnaire, focus group discussions and the write-ups they produced
during their practical sessions.

51 Students’ approaches to investigations from a designing perspective

Assertion 2: The majority of the students used an iterative or linear approach when
doing investigations.

Approaches to investigations based on DUQ data

Students were asked to describe how they approached investigations in the
questionnaires and their responses were coded and categorised based on the part of the
theoretical framework which deals with the approaches from a designing perspective which
covers three approaches: iterative, linear and divergent (Roberts et al., 2010). The students
were categorised based on their descriptions of how they designed and carried out

investigations and each one of them was placed in one of the three approaches.



83

31 students were classified under the iterative approach, 17 under the linear approach
and only two under the divergent approach. Those who fell under the iterative approach gave
detailed descriptions of how they went about designing/planning and executing their
investigations. They comprehensively outlined how they dealt with any challenges they
encountered while doing the investigations that often involved retracing their steps in the
experimental design to identify any errors and redoing the investigation until they got the
desired results. One student’s response was a typical example of those that were categorised
under the iterative approach:

I read the requirements carefully and | studied the apparatus and reagents | was given to use. |

did a plan and carried out a sample of the experiment. Then, after | (had) proven that my plan

was possible, I wrote on my answer sheet the design and then carried it out recording the

observations. ... I was stuck when I discovered that I did not use one of the reagents since I

did not know its use. However, | went back to my question, re-studied it and checked on my

qualitative notes. | then realised the step at which the reagent was to be used. Then, I solved
the challenge by repeating the whole investigation. (STD16 DUQ, May 21, 2016)

Two students indicated that they often asked for help from their Chemistry teacher,
the laboratory technician or colleagues when they were convinced that they were not doing

the science investigation the right way. One of them had this to say:

Firstly, I added NaOH until in excess to the solution containing Mn?* and Pb?*. I then filtered
the mixture to obtain a residue and filtrate. | used my qualitative notes to have a general idea
on how cations react in (with different) reagents. .... Yes, | had difficulties in obtaining the
precipitate containing Mn?* ions. In order to solve this problem, I had to ask for the teacher's
help then | repeated the experiment using the information that I got. (STD3 DUQ, May 21,
2016)

A total of 17 students demonstrated a linear approach to designing and carrying out
investigations. These students came up with only one way of doing the investigation based on
what they could remember from practical work done before and what their Chemistry teacher

said in previous post practical discussions. The quotes below illustrate this:

Quialitative analysis notes are provided, so I just used the notes to deduce a reasonable
procedure and the theory that | learned in previous lessons as a tool to make the deductions. ...
I didn’t have any challenges, the procedure I designed worked for me. (STD22 DUQ, May 21,
2016)

I used knowledge from O-level and some theory from the topic of reaction kinetics to design
the investigation...... I just designed the experiment and stuck with it. | had no reason to
change. Also there was no time for me to change anything. (STD28 DUQ, May 21, 2016)

| had encountered such an experiment at O-Level which was a precipitation reaction where
one would measure the time it took for the cross to disappear, the cross was drawn on a paper
and it was placed under the beaker. | had to keep in mind what our teacher said we should do
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when designing and carrying out investigations. .... Never got stuck because I just used the
procedure | had designed. (STD50 DUQ, May 21, 2016)

Two students were classified under the divergent approach. The first case was that of
participant code named STD24 who deviated from the given instructions and was
consequently unsuccessful in performing the science investigation. He wrote:

After reading and understanding the aim of the design, | recalled we once discussed with our
teacher in O-Level and I outlined procedures to the best of my ability. .... Iintroduced a
reagent of my own that wasn't on the list of reagents we were supposed to use. (STD24 DUQ,
May 21, 2016)

In the second case of a divergent approach, STD25 failed to interpret the problem resulting in
a design that was not feasible. The participant wrote:

| first put in mind the physical state in which my Na,S;03 was provided. Then | thought about
how | could make the whole comparative experiment procedure i.e. making different
concentrations. The strategy used was of reading between the lines so that | could at least
understand the question. .... The investigation was very challenging and I couldn't solve the
problem. (STD25 DUQ, May 21, 2016)

Approaches to investigations based on data from the analysis of students’ scripts

Students’ write ups on one investigation were analysed in order to determine the
approaches they used. | was aware of the limitations of analysing just one set of scripts. The
students in one school were doing a different investigation compared to those in the other
school most of the weeks. Analysing scripts for different investigations would have been
problematic so | chose to use the one common investigation done by all the students.
Coincidentally the same science investigation was done by all the students in the two schools
during the third week of the data collection process. The investigation was of a quantitative
nature where students were required to investigate the effect of the concentration of sodium
thiosulphate (Na2S203) on the rate of reaction (with sulphuric acid). The students were to
make do with a list of the materials provided for the investigation hence had limited options
in terms of the investigation procedure. This implied that the science investigation was not
completely open. Variations in the experimental procedure could only arise from the
guantities that each student decided to use while the essence of the procedure remained the

same. A copy of the question paper is presented in Appendix R.

This investigation was not a test instrument administered for the purposes of this
research but just another practical activity planned, administered and marked independently

by the chemistry teachers. This was ideal because it allowed the researcher to collect data
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under the same conditions the participants work without the influence of a research project.
The marking of the science investigation was based on a marking scheme provided by
ZIMSEC. The marking scheme had the suggested plan for the investigation, with an outline
of the experimental procedure and expected results. The breakdown of the allocation of
marks was also indicated with the maximum possible mark being 13. At least 9 of the marks
were allocated to the planning stage and the rest were for data processing and interpretation.
Copies of the marked scripts were made and used as data sources for this study with the
consent of all the participants. The marks obtained by the students in this science

investigation were computed to produce the histogram is shown in Figure 5.1.
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Figure 5.1 Distribution of marks for one investigation

The histogram shows that the bulk of the students achieved between 5 and 8 out of 13.
20 of the students achieved a mark below 7 and the top mark was below 9 out of 13. Given
that this was a past examination question, from November 2011, it is possible that the
question was not entirely unfamiliar to the students and yet the performance was not very
impressive. While I am aware of the small sample of participants for the current study, this
finding mirrors what is reflected in the examiners’ reports that students generally perform
badly.
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The tool used to analyse the data from the script analysis was designed based on the
part of the theoretical framework which deals with the approaches to science from a
designing perspective described in chapter two (Table 2.2). The characteristics of the
iterative, linear and divergent approaches were the foundation of the analytical tool. Table 5.1

shows how approaches were assigned to students based on an analysis of their work.

Table 5.1 Analytical tool for assigning approaches based on script analysis
(adapted from Roberts, Gott & Glaessier, 2008)

Approach Characteristics

- Aclear attempt (but not always successful) to modify the original plan in the light of tactical
defects - crossings/cancellations/ and changed statements leading to an improved procedure

- First plan done at the back of question paper or a separate piece of paper and then
transferred to script

- Evidence of repeated tests/measurements only until they (students) were are satisfied with

Iterative
the data
- Trial runs - student tries out the proposed plan, makes any necessary changes before writing
the correct procedure
- Changed data processing method or abandoned their plans altogether in the face of problems
or data which wasn’t ‘working’
- Evidence of reflective practice
- Student makes a plan and sees it through to the end.
Linear - Student has a clear plan, often seen as unalterable in the face of accumulating evidence.
- No evidence of changes to original plan (no cancellations/crossings or scribbling at the back
of the question paper/ separate sheet of paper) even when the plan is apparently wrong.
- They are unable to take stock of the position they find themselves in, and when the data
proves inadequate, they are unable to improve it.
Divergent - Scatter-gun approach, no discernible plan

- Haphazard collection of data (tests, observations or measurements)

- Nolincorrect/incomplete data collection and processing

Each student’s script was analysed separately, writing notes describing what they
were doing at each stage of the investigation. By comparing these notes with the
characteristics of each of the three approaches, it was possible to classify the students. Three
exemplar scripts, representing each of iterative (STD5), linear (STD2) and divergent

(STD25) approaches are presented with comments that assisted in classifying them.
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2 ASSESSMENT OF PLANNING SKILLS . .
| . The planning stage:
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Second attempt
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presented as two
separate steps.
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that only one
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be formed when
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aware that a
mixture of
precipitates is
obtained.

Some steps in the
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consolidated in the
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seven to five.
Evidence of good
substantive and
procedural
knowledge.
Evidence of
reflective practice



e A good mark of 3 out of 4 reflects an improved plan.

() Carry out your plan and record your steps and observations in Table 1.
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[Total: 4] | '

Exemplar script for the iterative approach
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Implementation of the

plan

Good marks
obtained for the
table of results
and inferences.

No evidence
revisions (no
crossings)

Evidence of
good substantive
knowledge —
student can link
theory with
practice

It is possible
that the student
tried the first
plan without
recording the
results on this
template, did not
get the expected
outcomes and
then came up
with an
improved plan in
the second
attempt.
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The linear approach: An exemplar script from STD2 is shown in Appendix K. The evidence
on the script suggests that during the planning stage, the student came with one plan and
produced an experimental procedure lacked some of the necessary detail. Flaws in the
procedure and data collection are also evident in the incorrect observations recorded. The
student did not revise the plan in the wake of incorrect results or he did not realise results
were incorrect. The data collection and processing was incomplete. The student failed to link
the relevant theory with observations to come with the expected inferences. There is evidence
of limited substantive knowledge. A low mark was achieved.

The divergent approach: An exemplar script for this approach was obtained from STD25 and
is shown in Appendix K. In planning stage, the student came up with three steps of which
only one was credited. The plan shows poor substantive and procedural knowledge. During
the implementation of the plan, all the steps were not correctly stated. Incorrect observations
were recorded and there is no evidence of revision and improvement of the procedure. No
inferences were arrived at in part (c). The student was unable to link observations with the
relevant theory. A very low mark was achieved by the student. A summary of the results of

the analysis of students’ scripts are reflected in Table 5.2

Table 5.2 Distribution of students by approach based on the analysis of scripts

Approach Number of students

Iterative 23
Linear 24
Divergent 3

The number using the iterative and linear approaches was about equal with only three
students showing evidence of using a divergent approach. 46% of the students used the
iterative approach in doing the science investigation. These students demonstrated a good
command of the relevant substantive and procedural knowledge required for the successful
planning and execution of the science investigation. In general, these students scored more
than 50% of the marks allocated for this science investigation. The 48% who used a linear
approach demonstrated a satisfactory or good substantive and procedural knowledge but with
some flaws in the experimental procedure and processing or interpretation of results. It was

clear in the scripts of those who used a divergent approach that they lacked a credible
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understanding of the theoretical aspects of the science investigation. This was often
compounded by a limited competence in integrated process skills. Consequently the plans
were incomplete, experimental results were not processed and the students performed badly
in the science investigation.

Comparing data from DUQ and analysis of scripts

The two data sets were tested for reliability by determining their Cronbach’s alpha
coefficient of internal consistency using SPSS 23. The high alpha coefficient (a = .757)
showed that there was internal consistency (Cohen et al., 2011). There was a positive
correlation (p = 0.599 between the students’ approaches to investigations based on the two
data sets as shown in Table 5.3.

Table 5.3 Spearman's rho based on data from DUQ and scripts analysis

DUQ Scripts

Spearman's rho DUQ  Correlation Coefficient 1.000 599
Sig. (2-tailed) . .000
N 50 50
Scripts Correlation Coefficient .599™ .000
Sig. (2-tailed) .000

N 50 50

** Correlation is significant at the 0.01 level (2-tailed).

The positive correlation reflected in Table 5.4 is supported by the fact that nearly 80% of the
approaches were matched between the two sets of data. This is shown in Table 5.4.

Table 5.4 Matching of approaches based on data from DUQ and scripts analysis

Approaches Frequency

iterative + iterative 23
Matched linear + linear 15

divergent + divergent 1
Unmatched iterative + linear 8

linear + divergent 1
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There was a notable difference in the distribution of students by approach when the
data sets from DUQ and the analysis of scripts were compared. This is illustrated in Figure
5.3. There was a 16% drop in the number of students associated with the iterative approach
when their scripts were analysed. Consequently, the number of students classified under the
linear approach dropped by 14%. This observation is backed by the eight instances of
unmatched approaches (iterative + linear) in Table 5.4. It is possible that when the students
described what they did in the DUQ, they gave accounts that were not evident on their

scripts.

50

45

40 B SSQ W Scripts
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Figure 5.3 Distribution of students by approach: DUQ and script analysis data

It is also possible that some students did rough drafts of their plans or recorded data from trial
runs on separate pieces of paper that were not handed in for marking. This would imply that
such students were then classified under the linear approach. This inference is supported by

what the following two students wrote in the DUQ:

First, I had to relax and read the whole question to acquire complete understanding of the
question. Then | had to underline certain key terms to know exactly what | was dealing with.
Tried to recall if I had done the experiment or similar experiment before. Drafted my steps
before writing them in the proper way on my question paper bearing in mind that the simple
basics my teacher taught me. (STD42 DUQ, May 21, 2016)

First of all, I read the question, understood it and underlined the key terms and important
information needed. Then, before writing on the answer paper I made a rough plan on the
sequence or order of the experiment. | made an imagination in my mind of what will be
happening and how I would be carrying out the investigation. After doing all this I put the
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plan on the final answer paper and carried out the investigation in sequence as on the design
plan. (STD43 DUQ, May 21, 2016)

Another possible explanation would be that the students assumed the ideal approach to
investigations was iterative but fell short when it came to execution. The number of students
falling under the divergent approach is comparable. The corresponding students were
relatively accurate in describing how they approached investigations from a designing

perspective given that this was reflected in their scripts.

Results of the focus group discussions

During the focus group discussions, all the participants were again asked to describe
how they went about designing and carrying out investigations. They were also asked to
explain how they dealt with any challenges they encountered as they carried out the
investigations. The results were captured, put into NVivo 11 and then coded. The mother
node was Approach from a designing perspective and the child nodes were iterative, linear
and divergent. Of the 32 focus group participants, 18 were classified under the iterative
approach, 13 as using a linear and only one under the divergent approach. These results were
compared with those obtained from the DUQ and the analysis of scripts using Figure 5.4.
While the trend in the results of the focus group discussions is similar to that of DUQ data,
the number of participants under each approach are different. There was a 12.5 % decrease in
the number of students classified under the iterative approach moving from DUQ to focus
group discussions data and a further 9% decline with respect to results of the analysis of
scripts. Consequently, there was an increase in the number of students associated with a
linear approach in the order DUQ, focus group discussions and scripts. The same student
whose narrative was consistent with the divergent approach also fell under the same approach
based on the analysis of his script. This student apparently had a good understanding of how

he approached investigations.
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Figure 5.4 Comparison of approaches based on DUQ, FG and script analysis

5.2  Discussion of students’ approaches from a designing perspective

The findings of this study reveal that most of the participants used the iterative
approach in their designing of investigations based on the semi-structured questionnaire data.
The analysis of scripts and focus group discussions showed marginal differences in the
frequencies of the iterative and linear approaches. The divergent approach had significantly
low frequencies in all the three data sources. These findings contrast with those of Hammann
et al. (2008) whose study showed that only a few students were associated with the iterative
approach. Other studies (Ercan & Tasdere, 2011; Kanari & Millar, 2004) found out that
participants were incompetent in one or more process skills. Data from the analysis of scripts
and focus group discussions, where comparable numbers of the participants adopted the
linear approach as a direct consequence of limitations in process skills (such as designing,

planning and data collection and processing), support the findings from these studies.

The differences in the distribution of the participants by approach across data sources
as depicted in Figures 5.3 and 5.4 is another demonstration of how the use of more than one
data source can lead to a better understanding of the phenomenon under study. Bearing in
mind the size of the sample, important observations can be made. Firstly, the probing done

during the focus group discussions might have allowed the participants with unmatched
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approaches to express themselves better than they did when they wrote their responses to the
items on the DUQ (Cohen et al., 2011). Secondly, what the students say they do during
investigations (SSQ and focus group discussions) is not necessarily translated into practice. It
is possible that some students failed to implement their approaches from the DUQ and focus
group discussions as they faced various challenges when they did the actual investigations.
As a result, some strategic students might have ended up using a linear approach. One can
also argue that an analysis of students’ write-ups on its own may not be enough to determine
whether the participants are cognisant of what is considered to be the ideal approach to

investigations in literature (Roberts et al., 2010).

In earlier studies, Hackling and Garnett (1995) and Watson (1994) had shown that a
divergent approach lead to poor results and performances and that iteration was not prevalent
in their participants. As such, studies that use students’ work on investigations, are more
revealing as they do not just help to categorise students by approach, but also highlight the
exact process skills that are weak in students. Such a deeper understanding leads to more

useful recommendations for the respective Chemistry teachers who work with these students.

The experimental study by Roberts et al. (2010) showed that students shifted towards
an iterative approach as a result of deliberate intervention strategies. Parallels can be drawn
with the current study whose participants were in their final year of high school studies and
preparing for a high stakes examination. It can be argued that the instructional strategies that
the students had experienced might have been instrumental in the majority of them adopting
either an iterative or linear approach. This is discussed further and in greater detail in the next

chapter.

A small proportion (2 of 50) reported that they asked for assistance from their teacher
when they felt they were stuck in an investigation. They then modified their investigation
procedures and obtained better results. While the number was small, seeking assistance
ultimately lead to an iterative approach. This can be viewed as assisted iteration since it is

based on information gathered from other people.

Students’ approaches from learning and design perspectives were tabulated together
to identify patterns and profile the approaches based on the emerging combinations. The
combinations of approaches from the two perspectives were named hybrid approaches. These
were: deep-iterative, deep-linear, strategic-iterative, strategic-linear, surface-linear and

surface-divergent. Only data from the ASIIS and DUQ were used since these questionnaires
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were answered by all the 50 students. Only 32 students took part in the focus group
discussions. If the approaches from the different ASIIS and DUQ did not match, the better
approach (the one that leads to better results) took precedence. There were no definite
intermediate approaches hence | decided to classify such students under the better approach.
For example, if a student’s approach was deep from ASIIS data and strategic from DUQ data
(or vice-versa) then the student was classified as using the deep approach. In the same vein, if
a student was classified under iterative and linear based on DUQ and analysis of scripts
respectively, then they were classified under the iterative approach. Based on this example,
the hybrid approach was named deep-iterative. A hybrid approach was determined for each of
the 50 students who took part in this study and a summary of the results is presented in Table
5.5.

Table 5.5 A summary of the hybrid approaches to investigations

Hybrid approach Number of students
Deep-iterative 8
Deep-linear 10
Strategic- iterative 23
Strategic-linear 8
Strategic-divergent* 1
Surface-linear 0
Surface-divergent 0
Total 50

It is logical that students capable of linking their theoretical conceptual understanding to the
investigations (deep approach) or those who were aiming to achieve good grades (strategic
approach) would also use an iterative approach during their designing, planning and carrying
of the said practical activities. This resulted in the deep-iterative and strategic approaches.
Predictably, the hybrid strategic-iterative had the highest frequency (23 out of 50) given that
the separate approaches were also popular. In the event of time limitations or other
constraints, iteration gave way to a linear approach leading the hybrids of deep-linear and
strategic-linear. These two hybrids can be viewed as contrived approaches given that they are
an adaptation to the existence of one or more contextual factors. The unanticipated hybrid
approach of strategic-divergent that was associated with only one participant can be described
as a nonsense hybrid approach. In practice, strategic students would have sound substantive
and procedural knowledge enabling them to be relatively successful in doing investigations.
The combination of strategic and divergent approaches is therefore considered a mismatch
given that divergent refers to doing stuff that never gets to the answer.
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The theoretical hybrid approaches of surface-linear (rote memorisation, regurgitation and
execution of a plan of an investigation done before) and surface-divergent (rote
memorisation, incoherent regurgitation of an investigation done previously without success)
drew none of the participants. This was consistent with the fact that none of the participants

were classified under the surface approach (Table 4.7).

5.3 Conclusion

In this chapter, students’ approaches to investigations from a designing perspective
were the focal point. Evidence from the data collected for the purposes of his study was
presented to support the assertion that the majority of the participants employed the iterative
and linear approaches. These findings were not entirely in agreement with the reviewed
literature which revealed that none or very few students used the iterative approach unless
they were taught in ways that encouraged it. An analysis of the students’ approaches from
the two different approaches, the learning and designing perspectives lead to hybrid
approaches with the most common one being the strategic-iterative approach. The
participants’ understandings of investigations and the influence of various contextual factors

on their approaches is dealt with in the next chapter.
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CHAPTER 6
WHY THIS APPROACH?

The preceding chapter described and discussed the approaches, from a designing
perspective, used by A-Level chemistry students when doing investigations. In this chapter,
the first focal point is the participants’ understanding of investigations. The assumption is that
students’ understanding of investigations plays a part in how they approach them. The second
focal point of this chapter explores why the participants approach investigations the way they
do. Assertions on why students approached investigations the way they did were drawn from
all the data sources, that is, the survey questionnaire, semi-structured questionnaire and focus
group discussions. The historical and prevailing context of practical work in high school
science as well as the epistemological beliefs about teaching and learning as described and
discussed to in chapter two are taken into account in order to put the approaches into

perspective.

6.1 Students’ understanding of investigations

In the semi-structured questionnaire, participants were asked to express their
understanding of investigations, how different they were from other forms of practical work,
the role they played in chemistry education and the relevance of investigations with respect to
their future studies and professions. The data from the participants’ responses were loaded
into NVivo 11 with mother nodes from which child nodes were derived. The corresponding
NVivo 11 output (Appendix N) was then used to come up with a broad assertion from which

two sub-assertions were drawn.

Assertion 3:  There was no common understanding of an investigation with some
students focusing on inquiry and others on process skills. Investigations
were viewed as practical work which serves a variety of roles.

In the literature review section of this thesis in chapter two, it was pointed out that
Miller’s (2010) definition of an investigation was adopted for this study. She defined an

investigation as ““a practical activity in which students are not given a complete set of
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instructions to follow, but have some freedom to choose the procedures to use, and to decide
how to record, analyse and report the data collected” (p. 2). An understanding of how the
participants conceptualised investigations was derived from their responses to direct open-
ended questions in the DUQ and during the focus group discussions. In the DUQ (Appendix
G) students were asked to outline their understanding of an investigation, and its differences
with other types of practical work. In the same instrument, they were asked to explain the
importance of investigations in chemistry education and their relevance to their future studies
and professions. These same questions were also asked during the focus group discussions
with the benefit of probing to get clarity on the participants’ perceptions. For each form of
data source, the participants’ responses were summarised and tabulated to show the different

understandings and perceptions together with their frequencies.

Sub assertion 3a: More than half of the students understood an investigation as practical
work with a focus on inquiry while the others understood it in terms
of the components of process skills.

Focus on inquiry: The participants were asked to describe what they understood by an
investigation and how different it is from other types of practical work in the DUQ. Their
responses were coded and put into categorises to obtain frequencies. A total of 30 students
gave understandings of an investigation with characteristics of inquiry. Of these 30, ten
participants indicated that investigations are a form of discovery learning often characterised
by the uncertainty of results. One expressed this idea well by saying, “An investigation is
when one wants to find the significance of a substance in another and how one substance
affects a reaction. It’s all about discovering, it’s different from other types of practical work”
(STD37, DUQ, May 21, 2015). STD15’s understanding of an investigation made specific
reference to qualitative analysis by saying that, “It is an experience of deducing behaviour of
sample compounds in chemistry whose identity we don’t know. It requires thinking and
application of my understanding of chemistry. It requires caution and it's enjoyable and
adventurous” (DUQ, May 21, 2015).

There was some support (8 of 50) for the idea that investigations were practical
activities where you were required to come up with your own design. This was highlighted as
what distinguishes investigations from other types of practical work as reflected in the

following quotes from two different students:
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It is a practical activity carried out after designing it yourself. It becomes an investigation
when you look for ions by your own design. It is different from other practical work because
this one is done after designing it yourself. (STD2 DUQ, May 21, 2015)

An investigation is a practical you undertake after designing your own experimental
procedure. In other types of practical work, you carry out a plan that has been provided for
you. All you have to do is set it up, collect the data and process it. (STD3 DUQ, May 21,
2015)

The students who participated in the focus group discussions echoed this
understanding of investigations. They all agreed that the main distinguishing factor between
investigations and other types of practical was that you ‘design it yourself’, that one comes up
with their own procedure rather than just follow instructions given on a worksheet. STD15
said, “The investigations test me to design, you don’t just do experiments which come with
instructions and you are there to just carry out” (Focus Group Discussion 2, June 4, 2015).
STD20 supported this sentiment by saying, “I think when you design it’s different from other
practical work where you are told what to do. In Chemistry, you have to design the practical
and carry it out and see if it actually works” (Focus Group Discussion 3, June 4, 2015). An
interesting contribution came from STD41 who linked his understanding of investigations to
why it was his preferred type of practical work:

I would prefer the investigations because in other practical activities, | just following

instructions. In investigations, it’s like I have a problem, can you help me. It’s more I am

giving out the information, | am solving a problem. | am using the knowledge that | have

acquired. It feels like I am being appreciated for studying the theory. It’s not like following
instructions. (STD41 Focus Group Discussion 7, June 04, 2015)

Seven participants were convinced that investigations represented the way scientists
work and that this is how we come to know about the world around us. This is evident in the
following statement by one student who also said investigations may involve manipulating
variables:

An investigation is a method of acquiring results based on a study, its' an investigation

because you're able to change variables ... like conditions .... like what scientists do. It

requires you to think. An investigation allows us to work like real scientists and see how
Chemistry can be used for a good cause. (STD26 DUQ, May 21, 2015)

Apart from appreciating that investigations reflect how scientists work, four students went

further to link them with how scientific knowledge is generated. One of these students said:

An investigation is a practical activity that gives one the opportunity to acquire a deep
understanding of science ideas and concepts by experimenting. This is how scientists came up
with the different theories and laws that we study during our Chemistry lessons. (STD49
DUQ, May 21, 2015)
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While stating that investigations are associated with how scientists work, one student pointed
to the iterative nature of these practical activities by stating that they are characterised by trial
and error:
An investigation is a process whereby scientific based procedures are carried out in order to
cater for the future problems that require science solutions. A matter of trial and error makes it

an investigation until the solution comes out. That's what scientists do in the real world.
(STD26 DUQ, May 21, 2015)

A small proportion (3 of 50) of the DUQ respondents referred to investigations as a form of
practical work that involves problem solving. To this end one student said, “In an
investigation, one is required to come up with ideas to tackle a problem whereas in other
types of practical work one only needs to follow instructions” (STD41, DUQ, May 21, 2015).
According to another student, an investigation “makes you relate and think certain methods to
resolve Chemistry problems” (STD30, DUQ, May 21, 2015). A broader understanding of
problem solving in relation to investigations came from STD42 who went further by saying,
“It is an investigation because you will be trying to understand and solve a problem. It is
different because each time it is something new and fun” (DUQ, May 21, 2015). It seems like
STDA42 was cognisant of the fact that problem solving implies that the student has not done a
similar practical activity before. A student (STD18) reiterated this point when he said, “In
investigations, it’s like I have a problem, can you help me. It’s more like, | am giving out the
information, | am solving a problem. | am using the knowledge that | have acquired in a new
context” (Focus Group Discussion 2, June 04, 2015). However, there was no idea of general

support for this idea during the focus group discussions.

Focus on process skills: 20 of the participants who took part in the DUQ expressed an
understanding of an investigation which was limited to one or two process skills such as
experimenting, hypothesising, inferring and observing. In their responses, they focused on
aspects of the process as defining characteristic of an investigation. It is possible that
language deficiencies could have played a significant part given that all of the participants
were native Zimbabweans who had English as their second or third language. Some of the
statements from these participants are captured in Table 6.1 together with the related process
skills. The process skills and the frequencies of the coding were: experimenting (9);
observing (5); hypothesising (4); inferring and defining variables (2). Some students

mentioned two process skills.
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Table 6.1 Examples of participants' understanding of an investigation in terms
specific process skills (DUQ, May 21, 2015)
Participant Understanding of an investigation Process skill(s)
STD19 In an investigation you hypothesise and experiment hypothesising
STD20 An investigation is more complicated as one has to observing
observe every single detail.
STD21 A practical is an investigation because you will be experimenting

experimenting in order to find results of something
unknown to you.

STD23 It becomes an investigation from the fact that you have inferring
to infer from your results.
STD25 Yes, it is different in that in any investigation you will hypothesising
be hypothesising and manipulating variables defining variables

Sub-assertion 3b: A-Level chemistry students viewed investigations as serving multiple
roles such as to: develop process skills; important for future studies
and profession; develop higher order cognitive skills and deepen
conceptual understanding

All the participants who took part in this study responded to Question 8 of the DUQ
by enumerating one or more reasons why investigations are part of the Advanced Chemistry
Level curriculum. Table 6.2 below summarises their responses in descending order of

frequency.

Table 6.2 Student responses to questions dealing with the role of investigations

Role of investigations in chemistry education Frequency of response
(n=102)
1. To develop process skills important 42
2. Important for future studies and chosen profession 23
3. It develops higher order cognitive abilities (e.g. problem solving) 18
4. To deepen conceptual understanding (to link theory with practice) 17
5. They have an affective value (they are fun to do) 3

*Some students mentioned more than one role

Process skills: Half of the participants were aware that investigations play a
significant role in developing process skills such as manipulative skills, observation,
measuring/taking readings, planning, recording, processing and analysing experimental data.
No student mentioned all the process skills associated with an investigation. Some students

identified more than one skill in their responses such as observing and inferring. For example,
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one student wrote, “Every time | do an investigation, | enhance my practical skills such as
observation and deductions from every observation” (DUQ, May 21, 2015). Others focused
on designing by saying, “because one is able to design an experiment for a particular
investigation” (STD4, DUQ, May 21, 2015) or planning since investigations help “students
do develop planning skills” according to STD37 (DUQ, May 21, 2015). One student stated
that this type of practical work was instrumental in assisting “students to acquire practical
skills and knowledge on how to do investigations” (STD36, DUQ, May 21, 2015).

At least 17 of the participants saw the relevance of doing investigations beyond the
classroom context. They mentioned that investigations helped them “to link what we do
theoretically to what happens practically in day-to-day situations. To teach us to think and
apply what we learn theoretically to day-to-day challenges” (STD29, DUQ, May 21, 2015).
“Investigations are part of the syllabus because they make a person ready for day-to-day
industry and they open the mind. They improve our scientific literacy” (STD45, DUQ, May
21, 2015). These responses matched the curriculum aim (ZIMSEC, 2012b), something which
would please curriculum designers. The data gathered for this study did not provide clear
evidence to explain how this was developed. It was, however established during the focus
group discussions and through conversations with Chemistry teachers that each student was
given a copy of the syllabus at the beginning of the A-Level course but the teachers never
took time to go through the syllabus aims with the students. The teachers had only
highlighted the sections describing the content, learning outcomes and structure of the

examination papers.

Important for future studies and profession: From the responses, about half mentioned
that investigations prepared them for future studies and their intended professional careers.
All the participants indicated their chosen careers as engineering or medicine. They were also
able to give concrete examples of where and how the skills would be useful in their future
professional lives. They viewed the development of manipulatives skills and laboratory
techniques as of major importance. According to STD13:

The role of investigations is to prepare one for future applications in careers in which one may

pursue in the future. At A-Level, it is very important for us to familiarise with the skills and

techniques used in Chemistry (so) that it might be easier for the students at University level.
(DUQ, May 21, 2015)

These participants were aware that the process skills acquired through doing investigations

were required beyond university life. A typical response was that investigations “help us to
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develop our investigation skills as we go to universities and for the jobs that have Chemistry
as a requirement” (STD17, DUQ, May 21, 2015). This was supported by another student who
said, “When we become workers we will definitely need the skills we are developing now”
(STD38, DUQ, May 21, 2015).

Higher order cognitive skills: As many as 18 of the participants indicated that
investigations were instrumental in developing higher order cognitive abilities such as
innovativeness, problem solving and creativity. An interesting statement made by one of the
participants was as follows:

Investigations enable us to think quickly on our feet in order to solve problems as quickly as

possible like me. I would like to save many lives as a doctor and to do that | will have to be
creative and at my best in problem solving. (STD14, DUQ, May 21, 2015)

The same ideas were expressed by other students who did not necessarily link the
development of higher order skills to their future professions. They said, “It allows us to
think on our own, more specifically to think outside the box” (STD24, DUQ, May 21, 2015)
and “to create some innovative minds in science students” (STD28, DUQ, May 21, 2015).

During all the focus group discussions, the ability to ‘think outside the box’ was
raised by the selected participants. Only 18 of all the student participants had mentioned this
in their DUQ responses. The ability to think outside the box was viewed as an important skill
necessary to come up with useful innovations and solve problems in industry (professional
life) and everyday life as explained by one of the students who wanted to become a doctor:

Designing investigations teaches us to think outside the box. Every time we do them we are

faced with new situations, new problems which do not necessarily require routine solutions.

This is important because when | become a doctor | will at some point deal with patients with

new diseases or health conditions which will require new diagnostic techniques and treatment.
(STD9, DUQ, May 21, 2015)

Another student who wanted to study some branch of engineering shared the same idea:

I want to be an engineer. Engineers often invent things and this often requires thinking outside

the box because they will be dealing with what no one has done before. I think that’s what the
person who invented the light bulb did. (DUQ, May 21, 2015)

Conceptual understanding: A number of the students (17 out of 50) mentioned that
investigations help them to deepen their understanding of chemistry concepts by linking
theory and practise. These participants thought that they did investigations “in order to make
the balance between understanding Chemistry as theory and its practical application in our
lives” (STD15, DUQ, May 21, 2015). Some added that the role of investigations “is to
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understand properties of substances personally, not just to be told by the teacher. One can
understand a concept better by doing the relevant investigations” (STD39, DUQ, May 21,
2015). Another idea was that “investigations make it easy to grasp the concepts we learn in
our theory lessons” (STD26, DUQ, May 21, 2015). These statements from the participants
arguably show that they saw investigations as an ideal teaching and learnings strategy that

enabled them to acquire a deep understanding of chemistry concepts.

Affective value: Only three of the 50 students mentioned the affective value of
investigations based on the available data. They appreciated that investigations were ‘fun’ to
do. The said participants thought “it’s fun doing investigations” (STD16, DUQ, May 21,
2015) and that “it is different from other types of practical work because each time it’s
something new and fun” (STD42, DUQ, May 21, 2015). The novelty of each investigation
seemed to generate interest, excitement and expectations in the participants although this was

only recognised by a small proportion.

During the focus group discussions, the participants were also asked to describe the
role of investigations in chemistry education. All the focus group data were coded using

NVivo 11 and the output was used to produce the summary in Table 6.3 in descending order

of frequency.
Table 6.3 The role of investigations (Focus Group discussions data)
Role of investigations in chemistry education Frequency of response (n = 32)

1. It develops higher order cognitive abilities (e.g. problem 16

solving, creativity, innovativeness)
2. Important for future studies and chosen profession 15
3. Todevelop process skills 14
4.  To deepen conceptual understanding (to link theory with 10

practice)
5. They have an affective value (they are fun to do) 1

While the top four roles remain the same for both the semi-structured and focus group
data, the order based on their frequencies is not the same. The development of process skills
fell to third position. This was perhaps due to the phrasing of the question or the fact that
participants felt obliged not to repeat what their colleagues had said. Also, the top two roles

can be worded differently hence ended up with higher frequencies during the focus group
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discussions. In the DUQ, the participants were writing their responses without conferring,

hence they did not know what their colleagues were writing.

The affective value of investigations was only acknowledged by one participant
during the focus group discussions. This mirrored the low frequency registered by the DUQ
data. During the focus group discussions, it was established that while the majority of the
students believed that investigations can be fun, the ones they did and the circumstances
under which they did them took away most of the excitement. In one of the focus group
discussions, one student expressed this strongly:

I rarely enjoy doing investigations because | am always under pressure to finish the

experiments. I think if we had more time we would enjoy them more, but as it is, the focus is

on completing the tasks and getting a good mark. | always come to the laboratory on

Thursdays worrying about how | will perform and hence the pressure takes away the fun side

of it. I enjoy the demonstrations that our teacher does during our theory lessons. (STD14,
Focus Group Discussion 1, June 2015)

6.2  Why students approached investigations the way they did

In chapters four and five, A-Level chemistry students’ approaches to investigations
are presented together with the relevant supporting evidence from the data collected for this
study. The first section of this chapter was dedicated to the participants’ understanding of
investigations. In this last section on the findings of this study, the researcher draws from all
the relevant data to make inferences to respond to the fourth research question on why
students approached investigations the way they did. To this end a broad assertion was

enunciated.

Assertion 4: A number of factors shaped the A-Level chemistry students’ approaches to
investigations but success in examinations dominated

This assertion was further broken down into four sub-assertions, which are elaborated

separately in the sections that follow.

Sub-assertion 4a: The approaches students used were strongly influenced by the need to
obtain high marks from the examinations.

In chapter two, the educational context in Zimbabwe was highlighted and the fact that

only two universities in the country offer degrees in engineering and medicine. It is not
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practical for these two universities to absorb all those who pass A-Level Sciences and want to
pursue degrees in the fields of engineering and medicine hence they have deliberately set
high entrance requirements. The entry requirements for the males is three A’s and at least two
A’s and a B for the females in three of the following subjects: Chemistry, Physics, Biology
and Mathematics. Almost all the students who participated in this study indicated in the DUQ
that their preferred career was in some branch of engineering or medicine as their aspiration
as shown in Table 6.4.

Table 6.4 Participants' preferred careers after A-Level studies
Preferred career Number of participants (n = 50)
Medicine 23
Engineering 19
Engineering or Medicine 5
Don’t know yet 2

The need to meet the performance criteria for admission into the engineering or
medical schools set by the universities meant that getting A’s was a priority for the students.
In the focus group discussions, they shared their sentiments in this regard as exemplified by

the following conversation:

Tami:  Somebody referred to marks. He said | do my best to get good marks. Do you find
your approach to this kind of practical work as being driven by the need to get an A
at the end of the day?

STD31: As for me, I work for those A’s. That’s the general feeling, we want to get an A at
the end of the day because we are not in a set up whereby we are taught to do things
for research’s sake or something like that. What we are taught is, you need to get
A’s and leave school with good grades so that you can study engineering or
medicine. That is the traditional way we are taught generally.

STDS50: I think the idea is to get A’s.
(Focus Group Discussion 6, June 04, 2015)

STD45 was more candid in expressing the pressure that comes with examinations and his

concerns about performances in investigations:

I don’t think I will ever enjoy doing investigations here. | always get a low mark. There is so
much pressure on me to perform well but I never get them right. This affects my overall mark
in practical work because | spend so much time on this section and eventually fail to finish the
other practical exercises especially during the end of term practical examinations. (STD45,
Focus Group Discussion 8, 2015)
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What the students said was corroborated by what one the chemistry teachers, Fidel,
said in a separate interview when explaining why the students appeared intrinsically driven to
do investigations.

Tami: You say they have a genuine desire to do investigations, what drives them? Is it the
need to get good marks or it is the desire to acquire the related skills?

Fidel: Basically, what I can say is Zimbabwean education is highly competitive now. They
need those high marks in order to get good grades at the end of the day so that they can go and
pursue their programmes of interest at university level. The reason is it wasn’t instilled in
them at a young age. If this had been the case, yes, they would have the desire to acquire the
skills but now the focus is on getting high marks so that they can go and pursue their
programmes of interest at university level. Maybe when they are doing their degrees and so
on that’s when they will have the desire to acquire the skills and realise that what they were
doing at A-level was a preparation for the future.

(Fidel interview, June 04, 2015)

There was evidence that the students who showed a deep approach understood why it
was ideal for lifelong learning. STD49 was very convincing in the following conversation:
STD49: Personally, | think of the skill first. I should not focus on the marks because they

won’t get me anywhere but the skills that | acquire at present are going to help me in
the future. Marks are just there for the record whereas skills are for life.

Tami:  But you need 15 points to go to the university?

STD49 Yes, | do need 15 points to go to the university but I need to get the skills first
because if [ get a high mark today, maybe it’s a once off thing but if T get the skills, |
will be better prepared for the final exam and any investigations that | have to do in
future.

Tami:  So, you would rather have the skills than a high mark. What about you (STD40)?

STD40: Yes, | agree because the reason why we are doing these investigations is because we
will need to apply all those skills in future.

(Focus Group Discussion 7, June 04, 2015)

The existence of students (like STD40) with a deep approach to investigations and a
self-constructed understanding of its benefits, in an environment which promotes a strategic
approach, suggests that it is possible to promote this approach which is associated with
meaningful learning. They go against the tide of the approaches favoured by their teachers’
teaching strategies (and what their colleagues are doing) in pursuit of long-term goals

sometimes at the expense of good academic grades.
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Sub-assertion 4b: The pressure of examinations influenced the instructional strategies
adopted by teachers and the approaches used by the learners

Reliance on past examination papers: There was a conspicuous overreliance on past
examination papers as the sources of investigations done by the students in the two schools.
This inevitably led to the dominance of the strategic approach as alluded to in chapter four. In
the DUQ students were asked to indicate all the sources of the investigations they did during
their practical sessions. Table 6.5 summarises the data in descending order. Some students
gave more than one response, and in total 66 separate responses could be coded from the 50
students as some students gave more than one source of questions. Almost all the participants
(49 out of 50) indicated that past examination papers were the source of the investigations
they do each week. Textbooks were mentioned by ten students and seven students said their
teachers made up the questions for the investigations they did.

Both chemistry teachers confirmed in separate interviews that they relied mainly on
past examination papers for the investigations they assigned to their students. The reasons for
using past examination papers as the main source of investigations were that it helped them
maintain the curriculum standards and that they had access to the marking guidelines from
the examination board. The following excerpt comes from an interview with one of the
chemistry teachers, Fidel (not real name), who confessed that he only used past examination
papers.

Tami: In terms of the variety of investigations, do you have other sources apart from past
exam papers?

Fidel: At the moment, no. | always use the past exam papers.
Tami: You feel comfortable with them. Why?

Fidel: Mainly I will be looking at the structure of the questions and the trends of the
questions in the final examinations.

Tami: So, it helps you to stay on track rather than deviate from the assessment guidelines.
Fidel: Yes.
(Fidel interview, June 04, 2015)

The second chemistry teacher, Raul (not real name), mentioned a range of sources of the

investigations he assigned to his students in the following excerpt from the interview.

Tami: Some of the students say that the scope of the investigations that you do is limited.
They would want to see it broadened to include everyday life problems.

Raul:  If you look at our syllabus, it’s highlighted that the scope of the investigations to be
done under A-Level Chemistry is not limited to the few examples mentioned in the
syllabus booklet. I think it depends on the competence and resourcefulness of the
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teacher. If you are not innovative you will overlook that part. And as teacher if you
overlook one section of the syllabus, it will cascade down to the students. You will be
in the same boat.

Tami: So, you are happy with how the syllabus states the scope of the investigations.

Raul  In fact the syllabus advocates for a constructivist approach. Some of the designs.....
you find them in the Form 3 and 4 chemistry textbooks. So, if you overlook that
content from Form 3 and 4, they will find the investigations difficult. There is need
for you to link the content to what they did in the lower forms for them to construct
their knowledge basing on previous knowledge.

Tami: So, what are your other sources of the investigations that you assign to your students
apart from the past exam papers? Do you use other sources?

Raul: I normally get them from the internet. | download from the internet. Of course, | use
past exam papers. Even reference books, especially A-Level Chemistry by Philip
Mathews. It has a lot of investigations and model answers.

Tami: Do you have a copy of the book mentioned?

Raul: 1 normally use the one in the library.

Tami: Okay, it’s in the library. So, we can have a look at it after this interview.
Raul: Okay.

(Raul interview, June 04, 2015)

Although Raul sounded convincing and aware of the syllabus specifications on
investigations, which highlighted that the scope of investigations was unlimited, my
observation of teacher practices provided no evidence of this effect. When | checked his
schemes of work | found out that all the investigations he had assigned to his students from
the beginning of the year were all from past examination papers. I also checked in Raul’s
school library and the text he referred to was not part of the library stock putting further

doubt on his use of it.

The dependence on past examination papers was coupled with an emphasis on
examiners’ expectations since marking was based on the marking schemes sourced from the
examination board. The two chemistry teachers gave feedback to their students at different
times. In School A, the teacher would only give feedback in the following practical session
after marking the students’ scripts. In School B, the teacher preferred to hold post-practical
conferences, immediately after the practical, where he discussed with the group how they
should have done each investigation. When | asked him at the end of one of these post-
practical conference sessions, he indicated that he preferred to revise the work when it was
still fresh in the minds of the students. During the feedback sessions, both chemistry teachers
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gave the students the solutions provided in the ZIMSEC marking schemes. Ultimately, the
feedback was about the do’s and don’ts in a practical examination. The following are direct
quotations of what Fidel and Raul said in separate feedback sessions in their respective

schools:

Gentlemen, some of you did not present their experimental procedures in the form of
numbered steps. Examiners will penalise you heavily for that. In some cases, there was
indication of the quantities used. | have said this many times, examiners will penalise you for
that. There was a lot of cancelling (crossing of work) in many of your scripts. The work was
dirty. Please be neat when you write you do your write-ups. Examiners won’t be happy with
dirty work. You also need to demonstrate to the examiners that you understand the theory
related to the investigation. In this investigation, many of you did not demonstrate a sound
knowledge of first order reactions. Examiners want to see that you can correctly use the
theory of first order reactions to interpret your own experimental results. Even if the
measurements are not accurate, examiners will give you credit for processing and interpreting
them correctly. (Fidel, Observation, May 28, 2015)

(After giving back scripts from the previous practical session.) Let me start by reminding you
of the need for neatness in your write-ups. There is a lot of crossing in some of your scripts.
Some of you forgot to number their experimental steps as | have repeatedly said. | will always
penalise you for this and this will also cost you in the final examination. There was also a
general weakness in explaining why you were doing each step. Examiners will not give you
full credit for such steps. Now here are copies of the marking scheme for this investigation.
Please go through it and take note of what examiners look for, what the examiners give marks
for, and see where you fell short. When you are done, you can proceed and do today’s
investigation. (Raul, Observation, May 28, 2015)

The quote from Fidel shows that he mentioned examiners six times. Raul’s quote
shows that he referred to examiners’ expectations, the final examination and the marking
scheme on five occasions. This was characteristic of all the post-practical conferences or
feedback sessions that were attended by the researcher during the data collection period. The
emphasis on examiners’ expectations was very strong. It is possible that this emphasis
translated into a predominantly strategic approach to investigations by the students. In the
same vein, those who were competent in linking the relevant theory to the investigation of the

day were then associated with a deep approach

Classroom organisation: The organisation of the practical sessions possibly
conditioned the students to work as if they were writing an examination in many respects. A
workstation was prepared for each student, thus giving emphasis to individual work in every

practical session. This is shown in Figure 6.1.
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Figure 6.1 Students doing an investigation individually at School B

Faced with a past examination question paper, most of them may have imagined themselves
in their final examination, something which would have created pressure for them to behave
as they would do in a high stakes examination. This could be the reason for the pronounced
strategic approach as students sought to meet their teachers’ (examiner’s) expectations in
order to score good marks. This could also have compelled students to do thorough
preparation before each practical session, since they were aware that they would be working
individually, leading to a significant number of students showing a deep approach.

The students tended to use an iterative or linear approach but without necessarily
getting the investigations right as revealed by the script analysis. They were reluctant to
consult with their teacher or colleagues even when they were aware of the fact that they did
not know how to do the investigations. In all the practical sessions observed, students were
seen asking for assistance from either the teacher or colleagues in only one session in one of
the two schools. Even then, it was only five students of the 23 students in the group. In the
other school, none of the students consulted anybody during the practical sessions for the
duration of the data collection period. This was quite surprising because the teachers kept
reminding them that they could get assistance from anyone if they needed it. During the focus
group discussions, the explanation offered by the students for this behaviour was that they
were always conscious of the fact that they will not be able to consult with anyone in their

final examination hence the need to treat each practical session as an examination. They
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wanted to be assessed based on their own work, without any assistance, so that they would

have a true reflection of their performance, learn from their mistakes and take measures to

rectify them before the final examination. The following contribution from one of the

students during the sixth focus group discussion is testimony to this:

I think we have to work under exam conditions all the time because in an exam it’s one man
for himself and God forus all. ....... the investigations that we do in the class are actually
preparation for what is to come in the future. So, if you learn to do them on your own you will
have a great advantage. (STD46, Focus Group Discussion 6, June 04, 2015)

Time factor: Time constraints may have influenced 48% of the students (Table 5.2) to

adopt a linear approach based on the analysis of scripts. Even when they knew that their

results were incorrect, there was never enough time to redo the investigations. During the

focus group discussions, some participants expressed this freely as reflected in the following

conversations from three focus group discussions:

Tami:

STD15:

Tami:

STD15:

You have mentioned the aspect of time. Do you generally feel that time is a
constraint when you do investigations? Are they so challenging that you always find
yourselves running short of time?

I think we need more time to express ourselves fully.

All of you feel that you time is a major constraint. (All nod heads in agreement). So,
you feel you know your stuff but you are not given enough time.

Yah. We feel the pressure.

(STD15, Focus Group 1, June 04, 2015)

Tami:

STDA46:

Tami:

STD46:

Tami:

STDA47:

Tami:

Do you feel you are given enough time to do what you want to do when you carry
out investigations?

Not all the time.
So, time is a constraint.

Yah. When the practical is too hard, you need to think of many things, how you are
you going to tackle the question. Most of the time, time is too little.

You agree with him Hope.

I think in an exam situation, whereby you are given a question in limited time, there
won’t be any room for broad thinking. You just think of one or two ways of doing
the investigation because if you think of more ways time will be against you. So you
think of one way and do your write-up.

Could that be one reason why you don’t do well because you are always under
pressure?
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STD38: Science is a very interesting subject. There are many ways that can get you to one
point. Obtaining your objective.... there are so many ways of doing that. Sometimes
when you get a worksheet, you have so many ideas and very little time. At the end
of the day, you wonder if the pathway you took is right or wrong. Sometimes you
just do it for the sake of finishing the design but when you are given more time, you
explore all your ideas to see whether they are correct.

(Focus Group Discussion 6, June 04, 2015)

Tami:  Now assume you have got a plan, you carry it out and you don’t get the results that
you expected. What next? What do you do in such a situation?

STD45: Under exam conditions, | just leave it like that.
Tami:  Even when you know you didn’t do it right?
STDA45: If I am practising, | will have the time. | can rectify it.

Tami:  You are saying it’s different. If you are here on a Thursday afternoon you have
opportunities to rectify your mistakes but in an exam, like the midyears, no chance.

STD45: No, because of time.

Tami:  So, you people are telling me that time is a major constraint when you do your
investigations? You never seem to have enough time.

STD45: Time is enough but maybe during an examination we are under pressure.

(Focus Group Discussion 8, June 04, 2015)

All three conversations illustrate that the time allocated to the investigations posed a huge
influence on the approaches adopted by the students. The comment by STD38 was
particularly interesting because he shows the tension being displayed between choosing an
approach they want to and the one they can in the given time constraints.

Sub-assertion 4c: The students’ approaches to investigations were influenced by their
prior chemistry practical experiences

Prior practical experiences: An outline of the structure of the science curriculum in
Zimbabwe was made in Chapter two. The science curriculum in general and Chemistry in
particular, has a strong emphasis on practical work and one of the three examination papers is
solely on practical work. Category C of the assessment objectives outlined in the syllabus
booklet is dedicated to experimental skills and investigations. Under this assessment

objective, “students should be able to plan an investigation, select techniques, apparatus and
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materials” (ZIMSEC, 2012c, p. 6). A look at the detailed outline of the ZIMSEC practical
syllabus reveals that:
The questions in the practical paper may include an observational problem in which the
candidate will be asked to investigate, by specified experiments, an unknown substance or

mixture. The exercise may include simple chromatography, tests for oxidising and reducing
agents, and filtration. (ZIMSEC, 2012c, p. 28)

It is clear, based on the syllabus specifications that the investigations done at O-Level are
limited to qualitative analysis. Given the documented pressure to produce good results in
Zimbabwean schools, it is highly unlikely that teachers and students will commit time to
doing investigations that are not directly specified in the syllabus. The limited scope of the
investigations possibly implies that many O-Level graduates will be underprepared to deal
with investigations involving quantitative measurements and calculations, such as those
under reaction kinetics, chemical energetics and other topics. Some of the participants
expressed this shortcoming when they pointed out that designing and planning investigations
was an aspect introduced to them late in their high school life.

Tami:  So, you feel that because it (doing investigations) started late in your education, it

means that you lack the skills and you have limited time, so you don’t actually
perform at the level that you want?

STD9: Yes, | am only doing it for 2 years and there might come a question that | won’t be
able to deal with.

Tami:  Okay, something that is outside what you know.

STD9: Yes, we need more experience.

Tami: Do you agree with her? (Referring to STD14).

STD14: | agree with her (STD9).

Tami:  You definitely want this to start at lower levels.

STD14: Yes, because from primary level up to Upper Sixth | would have met several
questions, different types. So, when it comes to the final examination a question that
will come | will have met it before. But now, (we are doing it) just for two years.
Maybe [ won’t even ... maybe a question that will come I won’t be familiar with it.

Tami:  Your idea is that if we start early to assess these skills then it will expose people so
that they have a good chance of finding a question that they would have dealt with

before, in the final examination.

STD14: Yes, but we don’t expect to see exactly the same question. We just feel we should
do investigations in all the topics by the examinations.

Tami:  So, right now you think you won’t have enough time to look at all the questions
before the final exam.
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STD14: Yes. We have been doing investigations for a year now and that is not enough to
cover all the angles.

(Focus Group Discussion 1, June 04, 2015)

The limited practical experiences in investigations at lower levels may have
influenced the students to adopt a strategic approach due to the pressure to succeed in the
public examinations. When they got to A-Level, they focused on mastering what was
required of them to obtain high marks. Doing a variety of investigations at lower levels was
perceived as one way of enhancing their chances of doing well at A-Level assuming that they
would have done something similar to what will come in the final practical examination.
During all the focus group discussions, the participants were concerned that the limited scope
of investigations at lower levels had deprived them of opportunities to sharpen their process
skills especially those related to the use of apparatus. Limited manipulative skills were seen
as a hindrance to the successful designing, planning and execution of investigations.

Tami:  Fine. Somebody said, it is good to do investigations, but it is starting very late in
high school. This must start way back in primary school. Do you agree with that?

STD7: Yes. Doing investigations at lower levels would be good for us.
Tami:  Why would that be a good idea?

STD11: Because if you do the same thing for many years you become good at it. Practice
makes perfect. (The others nod their heads in agreement)

STD15: T think it’s also good because we develop the kind of skills .... like we learn to
handle apparatus much better. Like... right now we haven’t used some of the
apparatus, and when we start using them now, we sort of develop tremors. Planning
or designing an investigation with apparatus you haven’t seen or used before is
difficult.

(Focus Group Discussions 2, June 04, 2015)

In all the eight focus group discussions, the students seemed to be aware that doing guided
investigations and experiments of a recipe type, which were largely confirmatory in nature,
did not fully develop in them the various scientific methods, which would be useful in their
chosen future professional careers. The following quotes from two different focus group
discussions clearly express this view:
| think we should not restrict it and do investigations where we come up with something new.
Right now, we just deal with what some people already know. Maybe we will be able to come

up with something new because there are a lot of things still to be discovered. (STD12, Focus
Group Discussion 4, June 04, 2015)
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Generally, if you look at the investigations we do, they limit you to the theory that you have
already done, that you understand and it doesn’t give you an opportunity to discover more
rather than just focusing on what you already know, what someone else has taught you. So, |
think it’s limiting us. (STD47, Focus Group 6, June 04, 2015)

Having looked at the A-Level chemistry syllabus and spoken to the participants, the
researcher took interest in the nature of the practical work suggested in the prescribed and
commonly used textbooks at O-level. The textbooks were analysed to determine the types of
practical work under the various chemistry topics. Table 6.5 shows a summary of the

findings.
Table 6.5 A summary of the types of practical work in O-level chemistry
textbooks
Book title, author and year Open-ended Guided Verification

investigations  investigations  experiments
(recipe type) (recipe type)
Chemistry for ‘O’ Level 0 15 12
(Briggs, 1997)

Pure Chemistry: Notes and Questions 0 10 12
(Kasipillai, 1999)

Step Ahead Physical Science 0 15* 10*
(Chavunduka & Zivanayi, 2013)
* Chemistry section only, Physics section disregarded.

The data in Table 6.5 suggests that the recipe type of practical work is abundant in
the O-Level chemistry textbooks. The lack of opportunities to do open-ended investigations
at this level means that when students get to A-Level, they are under prepared in this
component of practical work. Consequently, it possible that when students get to A-Level,
weaknesses in integrated process skills, induced by the context, influence the majority of
them to adopt a strategic approach as they worked hard to meet examiners’ expectations and

score high marks.

Sub-assertion 4d: The students’ approaches to investigations were influenced by their
knowledge of the related chemistry topics and competence in process
skills.

There was some evidence that students’ depth in substantive and procedural
knowledge had a major influence on how they approached investigations. During the focus
group discussions, it emerged that those who were associated with the deep and strategic

approaches felt that their understanding of the theory, related to the investigations they did,
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was strong. These students made deliberate efforts to read a lot in preparation for their
practical work. It would appear that they saw a connection between what they did in the
theory lessons and the investigations they did on Thursdays. The same students also tended to
use the iterative approach when designing, planning and carrying the investigations. It can
therefore be inferred that these students combined sound substantive knowledge and
procedural knowledge to good effect. During first focus group discussion, STD2 and STD8
were very articulate in explaining why they did well in investigations:

They are linked with the theory we do. Most of the times we get to do designs on the things

we have been doing in theory for example enthalpy change of reactions. Most of the designs

are based on the theory we do, so you just apply. (STD2, Focus Group Discussion 1, June 04,
2015)

I read a lot of theory which is related to the investigations we do so | find it easy to design and
plan the investigations because | perfected on the theory side so both (theory and practical
work) are ... they are linked. So, it’s easy. (STD8, Focus Group Discussion 1, June 04, 2015)

It was interesting to note that the 23 students who were associated with the iterative approach
based on the analysis of scripts seemed to apply the stages of the PSC. One of the students’
account of how he approached investigations showed that he actually started with problem
perception and reformulation before going to design and plan the investigations:
It’s all about understanding the question, knowing what is being talked about in the question
rubric, like the motive of the design, the reason why they want us to pursue that investigation.
You then proceed and plan the experiment, how you are going to collect the data and process
it. That is why we get them correct, because we are able to understand the questions. We

tackle them very well, we understand what we need to do first before putting pen to paper or
touching any materials. (STD38, Focus Group Discussion 5, June 04, 2015)

As discussed in a later section, an analysis of the comments suggested that this was a result of
how they were taught. Their teachers emphasised the algorithm reflected in the PSC, which
the more capable students mastered and implemented. Figure 6.2 shows Fidel going through
the steps he expected his students to follow when doing investigations. This was witnessed
during the pre-practical conference of the first practical session observed during the data
collection phase. This was at the beginning of the term and Fidel seemed to be reminding the
students, after a long school holiday, what he expected of them with respect to investigations.
| also felt that he was doing it as a response to my presence, that is, he wanted to show me
that he was doing enough to guide his students as investigations were concerned. While this
picture is a relevant piece of evidence, one should keep in mind the researcher’s influence

during the practical session where it was taken.
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Figure 6.2 Fidel outlining the steps in doing investigations

There was consensus during the focus group discussions that the teachers were doing
a great job in preparing students for investigations. This could have been a further
contributing factor influencing their choice of a strategic approach. They remembered and
executed what their teachers expected them to do when designing, planning and carrying out
investigations. Part of a conversation with STD23 during third focus group discussion is

representative of how appreciative the participants were of their teachers work.

STD23: The teacher teaches so well that we are able to tackle this kind of questions.
Tami: All credit to him. You don’t claim any credit for that.
STD23: Just a little bit.

(Focus Group Discussion 3, June 04, 2015)

During the focus group discussions, students expressed how instructional strategies
influenced their approaches. One student said,
I think the way in which we were taught when we started doing the investigations was good. |

follow the steps that we were taught by our teacher and we imagine what the results should
look like while we are designing and planning the experiments. ..... I also relate the
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investigations to the theory that we do in order to make sense of the results. (STD33, Focus
Group Discussion 5, June 04, 2015)

A total of 11 students who showed a deep or strategic approach based on the ASIIS
and DUQ data were then categorised as using a linear or divergent approach when their
scripts were analysed. It is possible that while they felt they knew the theory involved,
designing and planning the investigations remained a huge challenge to an extent that they
preferred the recipe type of practical work. This implies that their process skills (procedural
knowledge), especially the integrated ones, were not sufficiently developed. Some of the

participants were not shy to express their weakness with respect to investigations:

I don’t think it’s easy for me because I find it easy to just follow instructions than design and
plan my own. I don’t usually perform very well in designing because sometimes like I would
not know what the examiner would be expecting from me so | just find myself guessing. But
when instructions are given you are following writing everything that you see that’s all.
(STD15, Focus Group Discussion 2, June 04, 2015)

Shortcomings in data collection, especially when they were dealing with reactions in which

colour changes were involved, were a concern to some participants. This was more

pronounced in investigations involving titrations.

You can be asked to design or plan an investigation where you have to observe the colour and
you are not quite sure whether you have reached that kind of colour that you are expected to
get. Whether it is a pale or dark colour they want. So, you realise that the titre value that you
are going to get is far away from the one they want. So, you can score less marks whilst you
know what to do but not knowing the right time to stop adding the titre. (STD49, Focus Group
Discussion 7, June 04, 2015)

Challenges with procedural knowledge extended to data processing and interpretation. They
found it difficult to decide what calculations to perform. Stoichiometry was a hurdle

irrespective of the syllabus component they were dealing with. The following conversation
from the eighth focus group discussion was revealing.

Tami:  You said you don’t do well in investigations of a quantitative nature, why?

STD36: Quantitative because it requires a lot of thinking compared to qualitative because of
the calculations.

STD27: We are comfortable with the calculations but we are not very good at processing our
results.

Tami:  So, you collect your data and you don’t know what do to with it? Do you generally
perform badly in calculations even in the theory sections of your syllabus?

STD45:  Yes, specifically stoichiometry. (All of them nod their heads in agreement)
(Focus Group Discussion 6, June 4, 2015)
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Students’ shortcomings with data processing were encountered frequently during the
analysis of the participants’ scripts. The teachers’ comments on the marked scripts also
referred to these shortcomings. The direct consequence of this shortcoming was that the
interpretation of results was often incorrect or not done at all. This meant the resultant
strategy could be linear, if students had some knowledge; or divergent, if students did not
have any relevant knowledge required for successful data processing. Figure 6.3 shows one
marked script where the student had challenges with planning as well as data recording,
processing and interpretation.



ASSESSMENT OF PLANNING SKILLS

When sodium thiosulphate, Na;S;03, solution reacts with acid, sulphur is slowly precipitated
according to the following equation.

$203(aqy +2Haqy = St + SO + H200)

(a) Design an experiment to investigate the effect of the concentration of Na2S20; on the

rate of reaction. 2’0 ]

You are provided with:

a stop watch

a measuring cyclinder

a 250 cm?® beaker

a sheet of paper with a cross drawn on it
0.5 mol/dm? sulphuric acid

0.1 mol/dm? sodium thiosulphate solution.
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Figure 6.3  STD48's marked script with teacher's comments in red

(b) Using the results, which you would have obtained, describe how you would determine
the order of reaction with respect to Nax$20;. [ 33
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There was a notable difference in how students approached guantitative and
qualitative investigations. Investigations of a qualitative nature were deemed more
manageable because of the access to the notes for qualitative analysis. This enabled the
students to produce good plans of the experimental procedure by referring to the given table
of notes since they didn’t have to memorise all the reactions and colours of the different
products. The participants were also likely to be iterative in their approaches since they had
some notes to refer to, which enhanced their chances of identifying errors and changing the
procedure in the event of unsuccessful investigations. If the investigations were of a
quantitative nature (that is, involving reaction rates, energy changes, volumetric analysis and
others), success depended on how much substantive knowledge they carried in their heads.
For example, in rates of reactions, they needed to remember the definition and graphical
representation of a first order reaction in order to successfully design, plan and carry out a
related investigation. A weak understanding of first order reactions would normally lead to a
divergent approach or a linear approach while the more capable students would show
iteration in their approach. STD7 expressed this common sentiment during the second focus
group discussion.

I think in qualitative analysis, it is easier to do the investigations since we are provided with

the qualitative analysis notes unlike in quantitative analysis where we do not have any notes.

You have to use your theoretical understanding and try to link it to the investigation. (STD11,
Focus Group Discussion 2, June 04, 2015)

6.3  Discussions of findings

Two research questions were answered in this chapter. The first of them was about A-
Level chemistry students’ understanding of investigations. Within the literature reviewed,
there are a number of different definitions or understandings of investigations and their
relationship to practical work. In this study, | found a similar trend with a multitude of
meanings. One group of students referred to an investigation as inquiry based practical work
by describing it as a type of discovery learning, how scientists work and how science
knowledge is generated seemed to agree with Woolnough and Allsop (1985) who also went
further to highlight the open-endedness nature of such practical work. However, the idea of
discovery learning has been challenged by some educators among them Millar (1989) who
argue that students may fail to ‘discover’ what is intended making it problematic. Also in line

with inquiry was the idea that an investigation is a practical activity designed by oneself. This
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is supported by the more recent definition of an investigation put forward by Millar (2010)
which recognises that this type of practical work gives students greater autonomy in
designing, planning and execution. A few students reported that investigations were problem
solving activities, an understanding put forward by Gott and Duggan (1995) and Woolnough
and Allsop (1985).

Another group of students defined or described an investigation in terms of one
process skills or the other (experimenting, observing, hypothesising and inferring), which
formed part of the definition suggested by Millar (2010). It was also evident during the focus
group discussions that while participants could not always accurately express in their own
words how they understood investigations, they were ready to accept Millar’s definition as
they found it to be in line with their thinking and experiences. It can therefore be inferred that
the participants’ understandings were self-constructed rather than learned from textbooks
and/or discussions with their chemistry teachers, otherwise there would have been more

uniformity in their responses in the DUQ.

The role of investigations in chemistry education was understood by all participants in
a variety of ways that were all supported by literature. The most common of these was the
development of process skills and higher order cognitive skills as put forward by Gott and
Duggan (1995), and Moeed (2013). All the participants intended to study for either a medical
or engineering degree at university and nearly 50% of them were convinced doing
investigations gave them skills that were required at tertiary level and in their careers. A
further 34% pointed out that by doing investigations they acquired skills which were
applicable in everyday life. Cumming (2002) argued for the need for developing scientific
literacy and this was certainly appreciated by a few of the participants.

The role of investigations in deepening conceptual understanding through hands-on-
minds-on activities was highlighted by 34% of the participants. This is similar to the view of
Cumming (2002) who acknowledges the constructivist orientation of investigations through
promoting discovery learning. The participants seemed to appreciate that investigations
advance the notion of meaningful learning (Hodson, 1990; Roberts & Gott, 2004) as a form
of experiential learning (Moeed, 2013; So, 2003). Such an epistemological belief about
learning science through investigations can only be developed in constructivist learning
spaces (Chai, 2010).
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The second research question addressed in this chapter is about why students
approached investigations the way they did. The broad assertion crafted to answer this
question was composed of three sub assertions covering the need to succeed in examinations,
instructional strategies, prior chemistry practical experiences as well as knowledge of
relevant chemistry topics and competence in process skills. Success in the final examinations
seemed to influence students’ approaches to investigations the most, as it permeated through

all the other factors.

The participants were in agreement that the instructional strategies employed by their
chemistry teachers were instrumental in developing the requisite process skills and theoretical
understanding. This would normally lead to a predominantly deep approach but the data from
the focus group discussions suggested that the need to score high marks in the practical
examination and achieve the highest possible overall grade influenced most of students to
adopt a strategic approach (Figure 4.1). Based on what one of the teachers said about the need
for the students to get A’s in the final examination (Fidel interview, 4 June, 2015), there is a
likelihood that this focus on achieving good grades might have influenced his own
instructional strategies which in turn translated into the adoption of the strategic approach by
most of the students. Studies in the UK (Abrahams, 2005; Nott & Wellington, 1999) have
established that teachers and students respond to the assessment demands placed on them by
employing instructional strategies and approaches which they feel will result in good grades.
The influence of examinations was also reported by Moeed (2010) when he explored the
links between learning, motivation and internal assessment in New Zealand secondary

schools.

In a separate study, Laurillard (2005) also asserted that students adopt a rational
approach (to investigations) as dictated by the prevailing priorities. The rational approach in
the context of the current study appears to be strategic, with elements of deep learning (deep-

strategic), given the focus on achieving high grades.

The qualitative data obtained from the DUQ and focus group discussions for this
study also provided further insight into the participants’ cognitive processes when they do
investigations. While Gijbels et al. (2005) described the displaying of characteristics from
two different approaches as disintegrated or dissonance, | prefer to refer to them as compound
approaches. This is because the deep-strategic participants showed that they had a strong
theoretical understanding of the concepts related to the investigations they did but were also
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conscious of the examiners’ or their teachers’ expectations. Those who came across as
surface-strategic were clear in their minds that their strategy was to remember experimental

procedures done before as well as follow their teachers’ instructions to the letter.

There seems to be carefully planned scaffolding (Chin & Brown, 2000) by the
chemistry teachers to assist their students to master the process skills for them to be
competent in doing investigations. It seems the instructional strategies encourage reflective
practice (Roberts et al., 2010) leading to an iterative approach from a designing perspective.
Based on the evidence gathered for the current study during the pre- and post-practical
conferences, there was an element of drilling in an effort to help students internalise the
stages of the PSC with constant reference to examiner’s expectations. This was reinforced by
the overreliance on past examination papers that was witnessed throughout the data collection
period and supported by the qualitative data collected. The use of past examination papers
was seen as a way to adhere to the standard of investigations recommended in A-Level
chemistry syllabus. The chemistry teachers’ reference to ‘dirty work’, ‘neatness’ and ‘a lot of
crossing’ during feedback sessions can be linked to the relatively high frequency of the linear
approach based on the analysis of students’ scripts as described in chapter five. It is possible
that the lack of evidence for the iterative approach in the scripts of some students who had
been classified as such using data from the DUQ can be linked to the teachers’ insistence on
neatness. Alternatively, students did rough drafts of their designs and experimental
procedures on separate pieces of paper and then transferred their final drafts to the scripts that
were handed in for marking. Overall, a hybrid strategic-iterative emerged as the dominant

approach to investigations.

The use of individual work stations coupled with time restrictions seemed to create
conditions reminiscent of the final examinations resulting in some being inclined to work
without consulting anyone even when they knew they did not know how to do the
investigations. In the absence of co-operative work, some students seemed capable of coming
up with only one way of doing a particular investigation where they failed to deal with any
limitations thus reflecting a linear approach. In the worst cases, the students then used a
divergent approach as reflected in the analysis of scripts. These working conditions possibly
created psychological hurdles (Watts (1994) which affected students’ beliefs about their self-
efficacy when they do investigations.
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The analysis of the scripts also showed that higher marks were achieved by students
who worked iteratively on their own and some who were classified as linear. It can therefore
be argued that the more capable students have a linear approach to standard investigations
(those they find easy). However, if they find the investigations difficult they adopt an

iterative approach as they see something wrong and retry.

In their study Gijbels et al. (2005) observed that students’ approaches were a response
to the learning context created by their teachers and this seemed to be the case with A-Level
chemistry students. As Laurillard (2005) put it “the teacher plays an important part in
forming their perceptions of what is required and what is important” (p. 144). The recipe type
and confirmatory nature of the investigations done at O-Level and below highlighted by some
of the participants during all the focus group discussions may have deprived the students of
opportunities to develop integrated process skills before enrolling for A-Level. This meant
that they were ill-prepared to deal with investigations resulting in some of them having a

linear or divergent approach (Table 5.2).

Roberts et al. (2010) identified a skills gap in pre-service teachers that was inherited
from school. An identical skills gap, with respect to process skills, was a common worry
highlighted by the participants as they move from O-Level to A-Level Chemistry. The nature
of the assessment of practical skills at lower levels appears to be a key contextual factor
which influences how practical work is done Biggs (1991). The schools’ decision to opt for
the economical Alternative to Practical Examination in O-Level Chemistry has possibly
conditioned both teachers and students to focus on the theoretical aspects of the subjects even
though investigations are emphasised in the corresponding syllabus (ZIMSEC, 2012c). This
has possibly been a contributing factor to the observed and reported challenges with
substantive and procedural knowledge at A-Level in this study. The students’ self-efficacy in
investigations at A-Level was therefore, to some extent, shaped by their prior learning (Li et
al., 2013). Students’ competence in the five types of knowledge (facts, concepts, strategies,
procedures and beliefs) to do investigations as problem solving practical activities (Mayer &
Wittrock, 2006) becomes more influential at A-Level. Conditions in previous grades had led
to the underdevelopment of procedural knowledge which Hammann et al. (2008) consider to
be key to success in investigations. Sound procedural knowledge ensures that students are
able to systematically design, plan and carry out investigations with reflective practice and

iteration.
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6.4  Conclusion

In this chapter, two research questions were answered. First, students understood an
investigation to be inquiry based practical work serving multiple roles. The predominant
understandings of an investigation were that it is a form of discovery learning, it is how
scientists work, and it is a problem-solving type of practical work. According to the students,
the multiple roles served by investigations were: to develop process skills; to prepare students
for future studies and professional life; to develop higher order cognitive abilities and deepen
conceptual understanding. The affective value of investigations was only mentioned by a few

students.

Second, the findings on why students approached investigations the way they did
showed that success in examinations had a major influence. Instructional strategies, students’
prior chemistry experiences as well their knowledge of chemistry topics and competence in
process skills were the other contextual factors which influenced their approaches. These
contextual factors led to the use of approaches which were deemed to be effective in
achieving good results in public examinations. This resulted in combinations of approaches
such as deep-iterative, strategic-iterative, strategic-linear, surface-linear and surface-
divergent. The conditions under which the investigations were done did not always support

the students’ preferred approaches.

Having provided responses to the questions that guided this study, in the next chapter,
| summarise the findings, revisit the theoretical framework and research design before

presenting the research implications.
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CHAPTER 7
SUMMARY, LIMITATIONS AND IMPLICATIONS

The purpose of this study was to explore A-Level chemistry students’ approaches to
investigations. The foci of the study were the students’ approaches to investigations from
both learning and designing perspectives, their (students) understandings of investigations
and why they approached them the way they did. This chapter’s purpose is to present a
summary of the methodology, findings, a discussion of the implications of the study and the

relevant recommendations for educators and further research.

7.1  Summary of the methodology and methods used

A pragmatic paradigm was adopted for this study with the consequential use
of a mixed methods approach (Creswell, 2013). In the absence of a fitting mixed methods
research design, a quasi-convergent parallel design was crafted to accomplish this study. A
purposive sample of 50 students and two teachers acted as the participants of this study.
Quantitative data was collected through a Likert scale type of survey questionnaire to
determine their approaches to investigations from a learning perspective. Qualitative data was
collected through a semi-structured questionnaire (DUQ), focus group discussions, document
analysis (scripts and textbooks) and classroom observations. While all 50 participants
responded to the DUQ, only 32 (in groups of four) were involved in the focus group
discussions. Part of the data from these two data sources was systematically used to
determine the approaches to investigations from a learning perspective which allowed for
triangulation (Cohen et al., 2011). The rest of the qualitative data was then used to determine
the students’ approaches to investigations from a designing perspective, their understanding
of investigations and why they approached this type of practical work the way they did.
Given that not all the qualitative data was transformed into quantitative data but that some of
it was used to address the qualitative research questions of this study, this amounted to a

deviation from the conventional convergent parallel design.
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7.2  Limitations of the study

This study used a quasi-convergent parallel mixed methods design. While this
methodological approach has been explained, and justified by the researcher in chapter three
of this thesis, it is acknowledged that the research design is subject to scrutiny and
refinement. A purposive sample of 50 A-Level chemistry students from two neighbouring
schools. While the context in which Zimbabwean high schools offering A-Level Chemistry
operate is similar, contextual factors, such as the instructional strategies used by the
chemistry teachers may be different to those in other schools thereby limiting the scope of the
qualitative data obtained from the completed semi-structured questionnaires and focus group
discussions. This naturally affects the extent to which the findings of this study can be
generalised.

Piloting of the ASIIS and DUQ was done prior to the main data collection process to
ascertain their validity. However, these instruments could be improved given the differences
in the data collected. The data collection lasted only one school term, a trimester. Perhaps a
longer data collection period would have resulted in more investigations observed and
preparation and post lectures could be attended which would have improved my

understanding of the students’ approaches.

7.3 Summary of the findings

A synopsis of the findings of this study is outlined in sections covering each of the
research questions. Based on both the quantitative and qualitative data collected from the
participants, assertions were formulated to represent the study’s major findings. A graphical

presentation of a summary of the findings is shown in Figure 7.1.

Research question 1: How do students approach investigations from a learning
perspective?

The findings from all the data sources of this study revealed that the majority of the
participants were inclined towards the strategic approach, a few towards the deep approach
and none came across as predisposed towards the surface approach. Moving from the survey

questionnaire data to the semi-structured data, the proportion of students classified under the
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deep based on the survey questionnaire was greater than from the semi-structured to focus
group data. The predominance of the strategic approach confirmed findings reported in
studies on Chinese (Biggs, 1991) and Malaysian students (Nordin et al., 2013). In some
cases, the students’ approaches from the different data sources did not match. This is in line
with an assertion by Gijbels et al. (2005) who argued that students tend to employ a mix of

approaches and that approaches to learning can be viewed as dynamic.

An analysis of the A-Level chemistry students’ preferences for teaching and practical
examinations showed that they preferred to do investigations which developed independent
thinking and teaching strategies which supported this. This view of teaching and learning by
doing investigations seemed to explain the generally high mean agreement scores (M > 4.00)

for the deep approach even though the students who were viewed as strategic.

Research question 2: How do students approach investigations from a designing
perspective?

Most the students used an iterative or linear approach in designing, planning and
carrying out investigations. While there were notable differences in the number of students
falling under each approach based on the DUQ and focus group data, an analysis of scripts
produced approximately the same number of students classified under the iterative and linear
approaches. These differences possibly mean that the participants were probably aware of the
iterative approach to investigations but did not always implement it in practice. An 80%
match between the approaches based on the data from the semi-structured questionnaire and
analysis of scripts was a cause to believe that the findings were reliable. The high frequency
of the iterative approach in this study is not in line with earlier studies which reported fewer
students using this approach due to deficiencies in process skills (Ercan & Tasdere, 2011;
Hammann et al., 2008; Kanari & Millar, 2004). This may be because Zimbabwean A-Level
chemistry students are select group of high achievers from O-Level.

A consolidation of the findings on the approaches to investigations from both
perspectives produced hybrid approaches, namely deep-iterative, deep-linear, strategic-
iterative, strategic-linear, surface-linear and surface-divergent. The dominant approaches
were found to be the strategic-iterative, deep-linear, deep-iterative and strategic linear in

descending order.
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Research question 3: What are the students’ understandings of investigations?

The students’ understanding of an investigation is that it is inquiry based practical
work serving a variety of roles. The predominant understandings of an investigation were that
it is a form of discovery or experiential learning, it is how scientists work, a practical activity
where the experimental procedure is not given and a problem-solving type of practical work.
These understandings of an investigation are captured in the working definition proposed for
this study with ideas drawn from Gott and Duggan (1995), Millar (2010), and Woolnough
and Allsop (1985). The students also understood investigations as playing multiple roles.
These were: to develop process skills; to prepare students for future studies and professional
life; to develop higher order cognitive abilities and deepen conceptual understanding. Very
few students gave responses associated with the affective value of investigations, which was
not surprising given that the majority of them were strategic in their approach to
investigations. Investigations were not viewed as activities that made doing science enjoyable
but as necessary learning activities which would enable one to achieve good grades in the

final examinations.

Research question 4: Why do students approach investigations the way they do?

A number of factors shaped the A-Level chemistry students’ approaches to
investigations but success in examinations dominated. The approaches were influenced by
their chemistry teachers’ instructional strategies. The chemistry teachers were found to be
over reliant on past examination papers as their source of investigations. The teachers tended
to drill the students on how they should approach investigations. The teachers’ preferred
approach resembled the stages of the PSC (Roberts et al., 2010). The teachers didn’t seem to
be aware of the PSC but used examiners’ reports to explain to their students how they should
design, plan and carry out investigations. This was done during the pre- and post-practical
conferences where the teachers oriented students on the investigations of the day or gave
feedback on those already done. This teaching strategy consequently reinforced a strategic
approach in the majority of the students. The inadvertent emphasis on the stages of the PSC
resulted in the practising of the iterative approach by a relatively large proportion of the
participants. With most of the students concurring that time was often a constraint during
their practical sessions, it was not surprising that the linear approach was slightly more

frequent than the iterative approach based on data from script analysis.
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The competitive nature of the educational context of this study influenced students to
adopt a more strategic approach in a bid to achieve high marks in the practical examination.
Given the existence of only two universities in the country offering degrees in the medical
and engineering fields, only the best stood a chance of getting places to study their preferred
degree programmes. Such a scenario was also reported by Moeed (2010) in the Australian
context. To compound this, the schools’ prize giving days only recognised one student per
subject per year group, resulting in fierce competition between students, consequently
favouring a strategic approach.

In the Zimbabwean educational context, Chemistry is studied as an independent
subject from O-Level where many schools opt for the Alternative to Practical examination for
economic and logistical reasons. These meant that most of the chemistry teaching at this level
was effectively theoretical as there was no pressure to do practical work. The textbooks used
at this level do not emphasise on students designing, planning and carrying out investigations
although it is a syllabus requirement. Most of the practical work found in the textbooks
comes with full experimental procedures. This shortcoming in the teaching and learning
materials meant that most, if not all, the practical work done under O-Level Chemistry was of
the recipe type since the teachers depended on the available textbooks and past examination
papers to plan their lessons. The participants of this study therefore cited poor preparation

from O-Level as one of the reasons they approached investigations the way they did.

This study found out that when students felt comfortable with the theoretical aspects
of Chemistry, they were more inclined to use deep and iterative approaches although other
contextual factors often led to the use of strategic and linear approaches. The limited practical
work done at lower levels meant that students enrolled for A-Level Chemistry with limited
process skills (procedural knowledge) and hence struggled to design, plan and carry out
investigations independently. A linear approach was therefore more prevalent in practice. A

graphical summary of the findings of this study is shown in Figure 7.1.
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Advanced Level chemistry students’ approaches to investigations
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Figure 7.1

A graphical summary of the findings

7.4 Implications for Chemistry teachers

Exploring A-Level chemistry students’ approaches unearthed findings which are

potentially useful for chemistry education particularly in the context of this study. The

findings touch on both chemistry curriculum design and implementation with respect to

practical work and investigations in particular.

The procedural knowledge deficiencies, which lead to the less favourable linear and

divergent approaches could be minimised by subscribing to the practical examination rather

than the Alternative to Practical option at O-Level. The Alternative to Practical is a

theoretical examination were students are not required to the actual practical activities.
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Subscribing for the practical examination would guarantee that students at this level do more
practical work ahead of the examination, thus developing the much-needed process skills
which are relevant for designing, planning and carrying out investigations at A-Level. Given
that the O-Level chemistry textbooks have a lot of guided investigations and other practical
activities whose experimental procedures are fully described, there is an opportunity for
chemistry teachers to twist some of them into unguided investigations. Doing more
investigations as per the syllabus specifications would assist in promoting the more ideal
deep and iterative approaches.

An introduction to practical work in Chemistry at A-Level should include a treatment
of the different types of practical work ranging from demonstrations, experiments and the
different forms of investigations. It is my assumption that students with a good theoretical
understanding of an investigation, and how different it is from other forms of practical work,
would be more inclined towards deep and iterative approaches. If students are aware of the
purpose of investigations, their chances of approaching them in ways that satisfy this purpose

will be enhanced.

The teaching and learning context is heavily influenced by the nature of the
assessment of practical skills. Perhaps a shift from the current examination structure, with a
final practical examination, to a school based assessment of practical skills through long term
science investigation projects would be a better option. This mode of assessing practical skills
has been implemented successfully in the United Kingdom. Given that the A-Level
Chemistry is adapted from the one designed by UCLES, there is a chance that this can work
in the context in which this study was undertaken. However, this would require action
research with a few selected high schools as the first step in bringing about this change in the
assessment structure. Based on lessons learnt from such a pilot project, the school-based
assessment would then be extended to all the high schools offering the subject. Doing long
term investigation projects, especially where students have full autonomy, allows students to
work like real scientists do in the professional world (Woolnough & Allsop, 1985). Arguably,
long term investigations would help promote the iterative approach and deep learning of the
science concepts involved. The existence and thought of a high stakes practical examination
tends to compel student to adopt a strategic approach which is often coupled with a linear
approach when time is limited. Science fairs (expos) are a proven way of developing process
skills through projects as part of a competition. Participation in science fairs gives students

opportunities to develop higher order cognitive skills including integrated process skills such
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as designing and planning investigations with greater autonomy (Ramnarain, 2011). Another
advantage of science fairs is that science projects are done in a social environment without
the pressure of academic grades. Projects for science fairs, especially if done starting from
lower high school levels, would give students better preparation for A-Level chemistry

practical work and help develop more effective approaches.

7.5 The hybrid approaches

Research in investigations has largely focused on students’ competences in the
various process skills (Germann et al., 1996), the level of autonomy students have when
doing this type of practical work (Ramnarain, 2011) and the role of substantive and
procedural knowledge (Roberts et al., 2010). Although the study by Roberts et al. (2010) was
insightful and led to the identification of approaches from a designing perspective (iterative,
linear and divergent), the links with what students learned from investigations was not
apparent. Research by other scholars (Biggs, 1987b, 1991, 1999; Entwistle, 2004) explored
and/or explained students’ approaches to learning (deep, strategic and surface) in general
within subject domains or collections of these at various educational levels. Many of these
studies have been exclusively quantitative or qualitative and they generally acknowledged
that students’ approaches to learning are dynamic and depend on, among other factors, the
nature of the tasks. In the wake of this assertion, this mixed-methods study focused on a
specific component of A-Level Chemistry and brought together two theoretical frameworks

in one study, that is, approaches to investigations from a learning and designing perspectives.

The consolidation of two perspectives in exploring how A-Level chemistry students
approach investigations led to the emergence of what | refer to as hybrid approaches. This
categorisation of approaches to investigations was borne out of combining each student’s
approaches from learning and designing perspectives. This categorisation also recognises that
investigations have two major foci, deepening of conceptual understanding and the
development of process skills. A characterisation of the hybrid approaches has been done to
assist with framing future research on approaches to investigations. The characterisation was
done drawing from the ideas of Houghton (2004) and extending the adaptation reflected in
Table 2.3 by incorporating what has been learned through this study. The hybrid approaches

that emerged from the findings of this study are deep-iterative, deep-linear, strategic-iterative,
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strategic-linear, surface-linear and surface-divergent. The emergent hybrid approaches and
their characteristics are shown in Appendix L. Table 7.1 shows a section of Appendix L

illustrating how the deep-iterative hybrid approach is characterised.

Table 7.1 Exemplar characterisation of the hybrid approaches to investigations

Approaches Characteristics Encouraged by Encouraged by teachers
students who who:
have/are:

- students focus on - a desire to do - demonstrate good
developing good investigations driven  understanding and
substantive and by intrinsic curiosity  personal interest in
procedural knowledge investigations
required to - sound and
successfully do appropriate - relate new material to
investigations substantive and what students already

Deep- procedural o know an_d upderstand as
. . - students successfully ~ knowledge which is  well as linking theory to
Iterative apply the problem- required to do investigations
solving chain investigations
- bring out the structure of

- students construct - a positive view of the subject and role of
knowledge through investigations investigations in
doing investigations leading to high Chemistry education

confidence in ability

- students relate new to do them - adopt active (hands-on-
and previous minds-on) teaching and
knowledge gained - an ability to identify  learning approaches and
through investigations  errors in designing, confront students’
and otherwise planning and weaknesses in

execution of substantive and

- students can link investigations procedural knowledge
investigations to real
life and the everyday - use investigative

work of real scientists problems that are
thought provoking and
incorporate concepts
from different topics of
the subject

The characterisation of these approaches needs refinement through further research. It
is also worth noting that while the majority of these approaches were detected in this study,
the surface-linear and surface-divergent categories did not manifest but were theoretical

extrapolations made based on the trends in the data. As has been highlighted under the
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perceived limitations of this study, it is my assumption that larger samples will result in the

manifestation of all the hybrid approaches, including surface-linear and surface-divergent.

7.6 Conclusions

Doing this study led me to extend my theoretical understanding of how students
approach investigations at high school level. As a point of reflection, | found students’
approaches to be heavily influenced by contextual factors associated with a third world
country with limited opportunities for tertiary education. It was also ironic that one of the
findings of this study was that the majority of the students used the iterative approach when
doing investigations. This mirrors in many respects how | experienced this study. It was an
iterative process characterised by many false starts, revisions and changes based on
experience, and the generation and refinement of new ideas based on the findings. This
approach is valued as it has, in my view, strengthened the validity and reliability of the

answers to my research questions.
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Appendix C Informed consent - chemistry teachers

Science and Technology Education Cluster
CU 135, Main Tutorial Building

School of Education, College of Humanities
Edgewood Campus

University of KwaZulu-Natal

Private Bag X03

Ashwood 3605, South Africa

Dear Chemistry Teacher
Re: Informed Consent

My name is Tamirirofa Chirikure. | am a PhD student studying at the University of KwaZulu-
Natal’s School of Education in the College of Humanities. My research title is Exploring
Students’ Approaches to Investigations in Advanced Level Chemistry: A Zimbabwean
Study.

The objectives of this study will be as follows: to describe the characteristics of the investigations
done by Advanced Level Chemistry students, to understand the role of investigations as perceived
by Advanced Level Chemistry students, to explore Advanced level Chemistry students’
approaches to investigations and to explain why the students approach them the way they do.

You are kindly requested to be a participant in this research by filling in questionnaires and taking
part in individual or focus group interviews. These activities will last about twenty (20) minutes
each. In addition, | require your permission to examine your practical work books, observe and
video record your practical sessions for an entire school term.

Please note that:

e Your participation is voluntary.

e Your confidentiality is guaranteed as your input will not be attributed to your person.

e Any information you volunteer will not be used against you and the data collected will be
used for the purposes of this research only.

e All the data collected will be stored in in a secure place and destroyed after five (5) years.

¢ You have the choice to participate, not to participate or to stop participating in the research
any anytime without the risk of incurring any penalty.

e Your involvement is purely for academic purposes only. There are no financial benefits
involved.

e At the end of the data collection process, copies of transcripts of all the interviews, audio
and video recordings will be made available to you for cross-checking.

e A copy of the final draft thesis will be made available to you upon completion.



If you need further information please contact the following people:

1.

If you agree to take part in this research study please sign and submit the attached declaration

form.

Professor Paul Hobden (my supervisor)

School of Education, College of Humanities

Cu 102, Main Tutorial Building, Edgewood Campus
University of KwaZulu-Natal

Private Bag X03

Ashwood 3605, South Africa

Email: hobden@ukzn.ac.za

Telephone: +27 31 260 3447

Research Office: HSSREC — Ethics
University of KwaZulu-Natal

Govan Mbeki Building

Private Bag X54001,Durban 4000

South Africa

Tel: +27 31 260 4557 Fax: +27 31 260 1609

Your participation will be greatly appreciated.

Yours faithfully,

Tamirirofa Chirikure

Cell: +27 735 764 572
Tel: +27 31 260 3470
Email: chirikure@ukzn.ac.za
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DECLARATION

| (full names of
participant) hereby confirm that | understand the contents of this document and the nature of
the research project and | consent to participating in the research project.

| understand that:

e | will participate voluntarily and am at liberty to withdraw from the project at any
time should I so desire with no negative consequences.

e | voluntarily give permission for the study’s activities to be digitally recorded.

e | give permission for my Chemistry scheme/plan/prep books and practical activities
to be used as a source of data.

e My identity will not be disclosed and that a pseudonym will be used to protect my
identity.

| hereby: (please tick in the appropriate box in table below)

Agree to be audio-recorded

Do not agree to be audio-recorded

| hereby: (please tick in the appropriate box in table below)

Agree to be video-recorded

Do not agree to be video-recorded

Signature of participant Date
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Appendix D Informed consent — Advanced Level chemistry students

Science and Technology Education Cluster
CU 135 (Ground Floor)

Main Tutorial Building

School of Education, Edgewood Campus
University of KwaZulu-Natal

Private Bag X03

Ashwood 3605, South Africa

Dear Chemistry Student
Re: Informed Consent

My name is Tamirirofa Chirikure. I am a PhD student studying at the University of KwaZulu-
Natal’s School of Education in the College of Humanities. My research title is Exploring
Students’ Approaches to Investigations in Advanced Level Chemistry: A Zimbabwean
Study.

The objectives of this study will be as follows: to describe the characteristics of the investigations
done by Advanced Level Chemistry students, to understand the role of investigations as perceived
by Advanced Level Chemistry students, to explore Advanced level Chemistry students’
approaches to investigations and to explain why the students approach investigations the way they
do.

You are kindly requested to be a participant in this research by filling in questionnaires and taking
part in individual or focus group interviews. These activities will last about twenty (20) minutes
each. In addition, | require your permission to examine your practical work books, observe and
video record your practical sessions for an entire school term.

Please note that:

e Your participation is voluntary.

e Your confidentiality is guaranteed as your input will not be attributed to your person.

¢ Any information you volunteer will not be used against you and the data collected will be
used for the purposes of this research only.

e All the data collected will be stored in in a secure place and destroyed after five (5) years.

¢ You have the choice to participate, not to participate or to stop participating in the research
any anytime without the risk of incurring any penalty.

e Your involvement is purely for academic purposes only. There are no financial benefits
involved.

e At the end of the data collection process copies of transcripts of the interviews, audio and
video recordings will be made available to you for cross-checking.

e A copy of the final draft thesis will be made available to you upon completion.
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If you need further information please contact the following people:

1. Professor Paul Hobden (my supervisor)
Science and Technology Education Cluster
Cu 102 (Ground Floor), Main Tutorial Building
Edgewood Campus
University of KwaZulu-Natal
Private Bag X03
Ashwood 3605
Email: hobden@ukzn.ac.za
Telephone: +27 31 260 3447

2. Research Office: HSSREC — Ethics
University of KwaZulu-Natal
Govan Mbeki Building
Private Bag X54001
Durban 4000
South Africa
Tel: +27 31 260 4557 Fax: +27 31 260 1609

If you agree to take part in this research study please sign and submit the attached declaration form.

Your participation will be greatly appreciated.
Yours faithfully,
Tamirirofa Chirikure

Cell: +27 735 764 572
Tel: +27 31 260 3470
Email: chirikure@ukzn.ac.za
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DECLARATION

| (full names of
participant) hereby confirm that | understand the contents of this document and the nature of
the research project and | consent to participating in the research project.

| understand that:

e | will participate voluntarily and am at liberty to withdraw from the project at any
time should I so desire with no negative consequences.

e [ voluntarily give permission for the study’s activities to be digitally recorded.

e | give permission for my Chemistry practical work books and scripts to be used as a
source of data.

e My identity will not be disclosed and that a pseudonym will be used to protect my
identity.

| hereby : (please tick in the appropriate box in table below)

Agree to be audio-recorded
Do not agree to be audio-recorded

| hereby : (please tick in the appropriate box in table below)

Agree to be video-recorded
Do not agree to be video-recorded

Signature of participant Date
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Appendix E  Approaches to Investigations Inventory for Students (ASIIS)

Thank you for agreeing to take part in this study.

This questionnaire has been designed to allow you describe, in a systematic way, how you go about doing
investigations. The technique involves asking you a substantial number of questions which overlap to some extent to
provide good overall coverage of different ways of doing investigations. Please respond truthfully, so that your answers
will accurately describe your actual approach to investigations and this will help you go through this questionnaire
quickly.

Background information

Name/identifier: Age in years: Sex: M / F

School/identifier:

A. Approaches to Investigations

This questionnaire requires you to indicate your relative agreement or disagreement with comments about how you do
investigations. Please work through the comments, giving your immediate response. In deciding your answer, think
about investigations in Chemistry. It is also important to answer all the questions. Please check that you have after
answering the last question.

1=disagree 2 =disagree somewhat 3 =unsure 4=agree somewhat 5= agree

1 I manage to find conditions for doing investigations that allow me to get on with my 1123 |4
work easily.

2 When doing an investigation, | keep in mind how best to impress the marker. 1123 |4

3 Often | wonder if the investigation | am doing is worthwhile. 1123 |4

4 I usually set out to understand for myself the meaning of what we have to learn from 1123 |4
investigations.

5 During practical sessions and examinations, | organise my time carefully to make the 1123 |4
best use of it.

6 | find | have to concentrate on just memorising the procedures to practical work done 1123 |4
before.

7 | go over my investigation designs carefully to check the reasoning and that it makes 1123 |4
sense.

8 Often | fear | am drowning in the shear amount of investigations we have to copewith. |1 |2 |3 | 4

9 I look at the results carefully and try to reach my own conclusions about the 1123 |4
investigations | am doing.

10 It's important for me to feel that | am doing as well as | really can in investigations. 1123 |4

11 | try to relate the investigations | do to the work | cover in the theory lessons. 1123 |4

12 | tend to read very little beyond what is actually required to pass in investigations. 11213 |4
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1 =disagree 2 = disagree somewhat 3 =unsure 4 =agree somewhat 5= agree

13 Regularly | find myself thinking about ideas from investigations when | am doing other | 1 4
things.

14 I think I am quite systematic and organised when it comes to preparing for a practical 1 4
examination.

15 I look carefully at the teacher's comments on my investigations to see how to get higher | 1 4
marks next time.

16 There is nothing on investigations in Chemistry that | find interesting. 1 4

17 When | read about a concept in a Chemistry textbook, | think of an investigation that 1 4
could do to understand it better.

18 I'm pretty good at getting down to work whenever | need to do an investigation. 1 4

19 Many of the investigations that we do make sense: they are related to the theory we do | 1 4
in Chemistry lessons.

20 I think about what | have to learn from each investigation to keep myself focused. 1 4

21 When | am doing a new investigation, | try to see in my own mind how all the related 1 4
concepts and ideas fit together.

22 | often wonder about whether | will ever be able to cope with the investigations properly. | 1 4

23 Often | find myself questioning designs and results of investigations we do or | read 1 4
about.

24 | feel that | am getting on well and this helps me put more effort into investigations. 1 4

25 | concentrate on learning just those bits of information that | have to know to pass in 1 4
investigations.

26 I find that learning Chemistry concepts and applying them in investigations can be quite | 1 4
exciting at times.

27 I am good at following up some of the readings on investigations suggested by the 1 4
teacher.

28 | keep in mind how my Chemistry teacher marks our investigations and what he is likely | 1 4
to be looking for.

29 When doing investigations | sometimes wonder why | chose to do Advanced Level 1 4
Chemistry.

30 When | am doing an investigation | stop from time to time to reflect on what | am trying | 1 4
to learn from it.

31 | work steadily through the term and year rather than leave it all until the last minute. 1 4

32 | am not really sure about designing investigations so | try to write down all | can think 1 4
of.

33 The ideas and data generated in investigations often set me off on long chains of 1 4
thought of my own.

34 Before writing down the design of an investigation, | think first about how best to tackle | 1 4
it.

35 | often seem to panic when | get behind with my investigations. 1 4

36 When | am assigned an investigation, | examine the details carefully to see how they fit | 1 4
in together.

37 | put a lot of effort in investigations because | am determined to do well. 1 4

38 | gear my preparation for the Chemistry practical test or examination to just what is 1 4
required to pass.

39 Some of the ideas | come across in investigations are really gripping. 1 4
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1 =disagree 2 = disagree somewhat 3 =unsure 4 =agree somewhat 5= agree

40 * usually plan out my week’s work in advance either on paper or in my head. 1 4

41 | keep an eye open for what my teacher thinks is important when doing investigations 1 4
and concentrate on that.

42 I am not really interested in Chemistry but | have to take it for other reasons. 1 4

43 Before collecting data for an investigation, | first create mental images of what the data | 1 4
should look like.

44 | generally make good use of my time during our Chemistry practical sessions. 1 4

45 | often have trouble in making sense of the things | have to remember when doing 1 4
investigations.

46 When designing an investigation, | like to consider all the options (possible 1 4
experimental designs) even if they don't get me very far.

47 After collecting data for an investigation, | check it through to see if it really makes 1 4
sense and helps me answer the question at hand.

48 Often | lie awake worrying about an investigation | think | won'’t be able to do. 1 4

49 It's important for me to follow the argument or to see the reason behind collecting 1 4
specific types of data during investigations.

50 | dont find it difficult at all to motivate myself to do investigations. 1 4

51 [ would like to be given experimental procedure when we are required to do 1 4
investigations.

52 Sometimes | get hooked on Chemistry concepts and feel | should do an investigation to | 1 4
learn more.
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B. Preferences for different types of teaching, resources and examination in the Chemistry practical
component.

1 = definitely dislike 2= dislike to some extent 3= unsure 4= like to some extent 5= definitely like

a | Chemistry teachers who tell us exactly what to do during investigations. 1123 |4

b | Chemistry teachers who encourage us to think for ourselves and show us how they 11213 |4
themselves think.

¢ | Practical examinations that allow me to demonstrate my thinking capacity and apply 11213 |4
Chemistry concepts.

d | Practical examinations that need only assess us on investigations described in our Chemistry |1 |2 |3 | 4
textbooks and in past examination papers.

e | A Chemistry practical syllabus that clearly states the investigations that we will be examined |1 |2 |3 |4

on.

f | A Chemistry practical syllabus that encourages us to read around a lot for ourselves. 1123 |4

g | Investigations that are challenging and require us to go beyond the material learnt in class 1123 |4
with the teacher.

h | Chemistry textbooks that have descriptions of investigations that can be easily learned. 112134

Finally, how well do you think you have been doing in your assessed work on investigations overall, so far?

Encircle your choice in the table below

Rather badly Not so well About average Quite well Very well
1 | 2 3 4 | 5 6 | 7 8 | 9

Thank you for completing this questionnaire.
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Appendix F  Categorisation of the ASIIS statements by approach

Deep approach
Seeking meaning (SM = 4+17+30+43)

4 | usually set out to understand for myself the meaning of what we have to learn from
investigations.

17 | When | read about a concept in a Chemistry textbook, | think of an investigation that could do
to understand it better.

30 | When | am doing an investigation | stop from time to time to reflect on what | am trying to
learn from it.

43 | Before collecting data for an investigation, | first create mental images of what the data should
look like.

Relating ideas (Rl = 11+21+33+46)

11 | Itry to relate the investigations | do to the work | cover in the theory lessons.

21 | When | am doing a new investigation | try to see in my own mind how all the related concepts
and ideas fit together.

33 | The ideas and data generated in investigations often set me off on long chains of thought of
my own.

46 | When designing an investigation, | like to consider all the options (possible experimental
designs) even if they don’t get me very far.

Use of evidence or data collected for an investigation (UE = 9+23+36+49)

9 | look at the results carefully and try to reach my own conclusions about the investigations |
am doing.

23 | Often | find myself questioning designs and results of investigations we do or | read about.

36 | When | am assigned an investigation, | examine the details carefully to see how they fit in
together.

49 | It'simportant for me to follow the argument or to see the reason behind collecting specific
types of data during investigations.

Interest in investigations (ISI = 13+26+39+52)

13 | Regularly I find myself thinking about ideas from investigations when | am doing other things.

26 | | find that learning Chemistry concepts and applying them in investigations can be quite
exciting at times.

39 | Some of the ideas | come across in investigations are really gripping.

52 | Sometimes | get hooked on Chemistry concepts and feel | should do an investigation to learn
more.
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Strategic approach

Organised (O = 1+14+27+40)

1 I manage to find conditions for doing investigations which allow me to get on with my work
easily.

14 | I think I am quite systematic and organised when it comes to preparing for a practical
examination.

27 | am good at following up some of the readings on investigations suggested by the teacher.

40 | *lusually plan out my week’s work in advance either on paper or in my head.

Time management (TM = 5+18+31+44)

5 During practical sessions and examinations, | organise my time carefully to make the best use
of it.

18 | I'm pretty good at getting down to work whenever | need to do an investigation.

31 | I work steadily through the term and year rather than leave it all until the last minute.

44 | | generally make good use of my time during our Chemistry practical sessions.

Alertness to assessment demands (AA = 2+15+28+41)

2 When doing an investigation, | keep in mind how best to impress the marker.

15 | I look carefully at the teacher’s comments on my investigations to see how to get higher marks
next time.

28 | I keep in mind how my Chemistry teacher marks our investigations and what he is likely to be
looking for.

41 | | keep an eye open for what my teacher thinks is important when doing investigations and
concentrate on that.

Achieving (A = 10+24+37+50)

10 | It'simportant for me to feel that | am doing as well as | really can in investigations.
24 | | feel that | am getting on well and this helps me put more effort into investigations.
37 | I put alot of effort in investigations because | am determined to do well.

50 | Idon’tfind it difficult at all to motivate myself to do investigations.

Monitoring effectiveness (ME = 7+20+34+47)

7 | go over my investigation designs carefully to check the reasoning and that it makes sense.

20 | I think about what | have to learn from each investigation to keep myself focused.

34 | Before writing down the design of an investigation, | think first about how best to tackle it.

47 | After collecting data for an investigation, | check it through to see if it really makes sense and
helps me answer the question at hand.
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Lack of purpose (LP = 3+16+29+42)
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3 Often | wonder if the investigation | am doing is worthwhile.

16 | There is not on investigations in Chemistry that | find interesting.

29 | When doing investigations | sometimes wonder why | chose to do Advanced Level Chemistry.
42 | lam not really interested in Chemistry but | have to take it for other reasons.

Unrelated memorising (UM = 6+19+32+45)

6 | find | have to concentrate on just memorising the procedures to practical work done before.

19 | Many of the investigations that we do make sense: they are related to the theory we do in
Chemistry lessons.

32 | I am not really sure about designing investigations so | try to write down all | can think of.

45 | | often have trouble in making sense of the things | have to remember when doing

investigations.

Syllabus-boundness (SB = 12+25+38+51)

12 | I tend to read very little beyond what is actually required to pass in investigations.

25 | | concentrate on learning just those bits of information that | have to know to pass in
investigations.

38 | I gear my preparation for the Chemistry practical test or examination to just what is required
to pass.

51 | I would like to be given experimental procedure when we are required to do investigations.

Fear of failure (FF = 8+22+35+48)

8 Often | fear | am drowning in the shear amount of investigations we have to cope with.
22 | | often wonder about whether | will ever be able to cope with the investigations properly.
35 | | often seem to panic when | get behind with my investigations.

48 | Often | lie awake worrying about an investigation | think | won’t be able to do.
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Preferences for different types of teaching, resources and practical examinations

Supporting understanding (related to a deep approach)

b. | Chemistry teachers who encourage us to think for ourselves and show us how they
themselves think.

¢ | Practical examinations which allow me to demonstrate my thinking capacity and apply
Chemistry concepts.

f A Chemistry practical syllabus which encourages us to read around a lot for ourselves.

g | Investigations which are challenging and require us to go beyond the material learnt in class

with the teacher.

Transmitting information (related to a surface approach)

a | Chemistry teachers who tell us exactly what to do during investigations.
d | Practical examinations which need only assess us on investigations described in our
Chemistry textbooks and in past examination papers.
e | A Chemistry practical syllabus which clearly states the investigations which we will be
examined on.
h | Chemistry textbooks which have descriptions of investigations which can be easily learned.
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Appendix G The designing and understanding questionnaire (DUQ)
Thank you for agreeing to take part in this study.

This questionnaire is designed to obtain information on your understanding of investigations,
their role in Advanced Level Chemistry and how you go about doing them.

1. One of the assessment areas in the Advanced Level Chemistry syllabus is ‘Experimental
Skills and Investigations’. Consequently, in your practical sessions (and eventually the
final practical examination), you are asked to design or plan and carry out an

investigation.
| am aware that you did an investigation in your last practical session, what was it about?

2. Describe to me how you went about designing, planning and carrying out this
investigation. Did you use any specific strategy (steps/method/procedure)?
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3. Did you find yourself stuck at any moment during the investigation? If so, how did you
solve the challenge, if at all?

4. How successful were you in planning and performing the investigation? Did you manage
to produce the desired plan and results?

5. What did you learn from the investigation in terms of chemistry content and doing an
investigation?

6. Have you done a similar investigation before? If so briefly describe what that similar
investigation was about.
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7. You have done many investigations since you started Advanced Level Chemistry, what
do you understand by an investigation? What makes a practical activity an investigation?
How is it different from other types of practical work?

8. In your opinion, what is the role of investigations in Chemistry? Why do you think
investigations are part of the Advanced Level Chemistry syllabus? Why is it important
for you to do investigations?

9. What is the source of the investigations that you do during your Chemistry practical
sessions? (textbooks, past examination papers, teacher’s own questions)

10. Do you see any relationship between the investigations that you do and the theory that
you learn in the regular Chemistry lessons? If so, give an example.
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11. What are your career aspirations? What do you want to study after completing Advanced
Level?

12. Do you think the ability to design, plan and carryout investigations will be useful in your
future studies and professional career? Why? In what way?

13. How well do you do in designing, planning and carrying out investigations? After doing
an investigation do you get the marks that you expect?

14. If you have any other comment to make with respect to investigations, please use the
space below.

Thank you for completing this questionnaire.
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Appendix H Questionnaire on investigations for chemistry teachers

This questionnaire seeks your views on investigations in Advanced Level Chemistry. Please
answer the questions as accurately and honestly as you can. Your response is anonymous and
confidential to the researcher and his supervisor.

1. You are: Female Male:

2. For how long have you been working as a teacher?

3. For how long have you been teaching Advanced Level Chemistry?

4. One of the Advanced Level Chemistry assessment areas is ‘Experimental skills and
Investigations’. I am aware that you have at least one Chemistry session per week
dedicated for practical work. How often, in a week, do you ask your students to design,
plan and carry out investigations?

5. What types of investigations did you assign to your students in your Chemistry practical
sessions and end of term examinations (e.g. fair testing and comparing; classifying and
identifying things; pattern seeking; exploring; making things or developing systems)

6. What is the source of the investigations you assign to (done by) your students? (e.g.
Chemistry textbooks, past examination papers, | design the investigation tasks).
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7. You have done many investigations with your students and you probably did
investigations yourself when you were in high school or at university. What do you
understand by an investigation? What makes a practical activity an investigation? How is
it different from other types of practical work?

8. In your opinion, what is the role of investigations in chemistry education? Why do you
think investigations are part of the Advanced Level Chemistry syllabus? Why is it
important for students to do investigations in Advanced Level Chemistry?

9. How do you teach your students to do investigations? What skills and content do you
teach them?
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10. In your opinion, how do your students approach investigations? What strategies
(methods/procedures) do they use?

11. How well do your students do in designing, planning and carrying out investigations?
After doing an investigation do they get the marks you expect?

12. If there is something else you would like to say about investigations in Advanced Level
Chemistry that you have not been able to say so far, please write it below.

Thank you for completing this questionnaire.
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Appendix I  Questions for the focus group discussions

Good day. Thank you for agreeing to take part in this interview.

This interview is designed to obtain information on your understanding of investigations, their
role in Advanced Level Chemistry and how you go about doing them.

1.
2.

10.

11.

12.

13.

What is an investigation to you?

What, in your opinion, is the role of investigations in the Advanced level Chemistry
curriculum?

You have just done an investigation, what was it about?

Have you done a similar investigation before? If so briefly describe what the
investigation was about.

Describe to me how you went about designing, planning and carrying out the
investigation. Did you use any specific strategy?

Did you find yourself stuck at any moment during the investigation? If so, how did you
solve the challenge, if at all?

Do you think you did well in the investigation? Did you manage to produce the desired
plan and perform the investigation as expected?

What explanation can you offer for your performance and the way you do investigations?
What did you learn from the investigation?

Do the investigations that you do relate to the theory that you learn in the regular
Chemistry lessons?

What is the source of the investigations that you do during your Chemistry practical
sessions? (textbooks, past examination papers, teacher’s own questions)

What are your carrier aspirations? What do you want to study after completing Advanced
Level?

Do you think the ability to design, plan and carryout investigations will be useful in your
future studies and professional career? Why/In what way?
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Appendix J Interview schedule for chemistry teachers

Good day. Thank you very much for agreeing to participate in this interview session. The purpose
of this interview is to gather information related to the investigations done by your Advanced Level
Chemistry class. The interview will last about 15 minutes.

©oN AR WNRE

10.

11.

12.

Please share with me something about your background as a Chemistry teacher?

What types of investigations have you done with your Chemistry class?

What is the source of these investigation tasks?

What is the role of investigations in Chemistry teaching and learning?

What are your aims for student learning through investigations?

What have your students learned through investigations?

How do you develop the skills required by students to successfully do investigations?
How do your students perform in investigations?

What strategies do they use to design and carryout investigations? What approaches do
they use?

How has your Advanced Level students’ performance in investigations progressed since
you started working with them?

In what way do you think your Advanced Level Chemistry students’ experiences of
investigations relate to their motivation to learning Chemistry? Does your Advanced
Level Chemistry class enjoy doing investigations?

In your opinion, are your Advanced Level Chemistry students working towards excelling
in investigations?

Thank you very much for your time.



Appendix K Exemplar analysed scripts

a) The iterative approach: exemplar script

ASSESSMENT OF PLANNING SKILLS |l For
., |Examiner's
Yo are provided with an agueots misture of FA2 containing PH" and Mn” ' jons. | Use

Yo are also provided with aqueous sodinm hydroxide and dilute hydrochloric

acid

You are required 1o plan and carey ont an experiment in which by using the above
reapents only, the two cations in FA2 cin be separated in different precipitates

() Give a deseription of your proposed sequence of numbered steps
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The planning stage:
First attempt

e Student changes NaOHag) in favour of FA2 in step 1.
e Student crosses out all the seven steps and starts afresh.

Second attempt

e Steps 1 and 2 are different from those in first attempt.
Ideas in step 1 of first attempt now presented as two
separate steps.

e Step 3 of first attempt suggests that only one precipitate
would be formed when NaOHaq) is added but step 2 in
second attempt shows that the student is now aware that
a mixture of precipitates is obtained.

e Some steps in the first attempt were consolidated in the
second attempt thereby reducing the number from seven
to five.

e Evidence of good substantive and procedural
knowledge.

e Evidence of reflective practice

e A good mark of 3 out of 4 reflects an improved plan.



(b) Carry out your plan and record your steps and observations in Table 1.
Table 1
steps observations
[+ Nagh  [Two ,Arfa (Fafes
A ;‘/Ad—e WAS 12, ()/ué-/b |
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(©) From your observations, identify the stages at which each of the c ions

were collu.ted as precipitates.
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Implementation of the plan

Good marks obtained for the table of results and
inferences.

No evidence revisions (no crossings)

Evidence of good substantive knowledge — student can
link theory with practice

It is possible that the student tried the first plan without
recording the results on this template, did not get the
expected outcomes and then came up with an improved

plan in the second attempt.



b) The linear approach: exemplar script

4 57D 2.

w

ASSESSMENT OF PLANNING SKILLS
You are provided with an aqucous mixture of FA2 containing Pb** and Mn™ jons.

You are also provided with aqueous sodium hydroxide and dilute hydrochloric
acid.

You are required to plan and carry out an experiment in which by using ﬂ!c above
reagents only, the two cations in FA2 can be separated in different precipitates.

(a) Give a description of your proposed sequence of numbered steps.

1. Add MaoH4o solution FA2 1 4 desd dube:
PE jpvis Lo alile pt Sel. ih exass and M1
/w_\‘&e:’e mMmain an ?nSoluL[: whide Pﬁ o
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For
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Use

P

-
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The planning stage:

e Student comes up with an experimental procedure.
e No crossings, three clean steps with no evidence of

changes.

e Students came with one plan and settled for it although

it lacked some detail.



(b)

(©)

5
Carry out your plan and record your steps and observations in Table |

Table 1

steps observations

/.
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From your observations, identify the stages at which each of the cations

were collectcd as precipitates.
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Implementation of the plan:

Flaws in the plan evident in the incorrect observations
recorded.

Student did not revise plan in the wake of unexpected
results or student did not realise results were incorrect.
Incomplete data collection and processing.

Student fails to link theory with observations to come
with the expected inferences.

Evidence of limited substantive knowledge.

Very low mark obtained.



c) The divergent approach: exemplar script

; sTD 3\5

2 ASSESSMENT OF PLANNING SKILLS ‘l For
\Examiner's
You are provided with an aqueous mixture of FA2 containing Pb*" and Mn™" ions. Use

You are also provided with aqueous sodium hydroxide and dilute hydrochloric
acid.

You are required to plan and carry out an experiment in which by using the above
reagents only, the two cations in FA2 can be separated in different preeipitates.

(a) Give a description of your proposed sequence of numbered steps.

LAl H b AL Whike pptope
2 /40{0( /\/;(09}/-%0 st e w hile /9]%

Solv m Yo

x

P

The planning stage:

Student comes up with three steps of which only one was
credited.

No evidence of revision of plan.

Plan shows poor substantive and procedural knowledge
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(b)

3

(©)

5

Carry out your plan and record your steps and observations in Table 1.

Table 1

7

steps

observations

add HedX
W/\//LW

.

Whate ppt=
Colouiriten itod]

/)

From your observations, identify the stages at which each of the cations
were collected as precipitates.

18]
?Af’
of

12]

—

Total: 14]

179

Implementation of the plan:

All the steps not correctly stated.
Incorrect observations recorded.
No evidence of revision and improvement of steps.

No inferences arrived at in part (c) — student unable to
link observations with theoretical understanding.



Appendix L Characteristics of the hybrid approaches to investigations

Approaches

Characteristics

Encouraged by students who
have/are:

Encouraged by teachers who:

Deep-iterative

students focus on developing good
substantive and procedural
knowledge required to successfully
do investigations

students successfully apply the
problem-solving Chain

students construct knowledge through
doing investigations

students relate new and previous
knowledge gained through
investigations and otherwise
students can link investigations to
real life and the everyday work of
real scientists

a desire to do investigations driven by
intrinsic curiosity

sound and appropriate substantive and
procedural knowledge which is
required to do investigations

a positive view of investigations
leading to high confidence in ability to
do them

an ability to identify errors in
designing, planning and execution of
investigations

demonstrate good understanding and
personal interest in investigations
relate new material to what students
already know and understand as well
as linking theory to investigations
bring out the structure of the subject
and role of investigations in
Chemistry education

adopt active (hands-on-minds-on)
teaching and learning approaches and
confront students’ weaknesses in
substantive and procedural
knowledge

use investigative problems that are
thought provoking and incorporate
concepts from different topics of the
subject

Deep-linear

students focus on developing good
substantive and procedural
knowledge required to successfully
do investigations

students apply the PSC but time
constraints prevent iteration
students construct knowledge through
doing investigations

students relate new and previous
knowledge gained through
investigations and otherwise
students can link investigations to
real life and the everyday work of
real scientists

desire to do investigations driven by
intrinsic curiosity

sound and appropriate substantive
and procedural knowledge required
to do investigations

a positive view of investigations
leading to high confidence in ability
to design and execute them

do not revise experimental
procedures do to time constraints

demonstrate good understanding and
personal interest in investigations
relate new material to what students
already know and understand as well
as linking theory to investigations
bring out the structure of the subject
and role of investigations in
Chemistry education

adopt active (hands-on-minds-on)
teaching and learning approaches and
confront students’ weaknesses in
substantive and procedural
knowledge

use investigative problems that are
thought provoking and incorporate
concepts from different topics of the
subject
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inadvertently introduce limiting
factors such exam conditions in their
daily practice

Strategic-iterative

students create a balance between
meaningful construction of
knowledge and rote learning
students focus on acquiring sufficient
substantive and procedural
knowledge to successfully do
investigations

effort is channelled towards
achieving good marks for the
investigations done especially in the
final examination

are not necessarily being driven by
intrinsic motivation but the desire to
pass examinations with good grades
do enough to master the relevant
substantive and procedural
knowledge

view investigations as a key
component of the Chemistry practical
syllabus which impacts on their
overall performance

do not necessarily demonstrate a
personal interest in investigations and
cover them simply as a syllabus
requirement

help students to see the relationship
between facts and ideas while doing
investigations to maximize their
chances of passing practical
examinations

drill students on experimental
procedures

use past examination questions and
give marking guidelines to students
emphasise on the importance of
linking theory to investigations to get
good marks

Strategic-linear

students create a balance between
meaningful construction of
knowledge and rote learning
students focus on acquiring sufficient
substantive and procedural
knowledge to successfully do
investigations

effort is channelled towards
achieving good marks for the
investigations done especially in the
final examination

students only consider one way of
doing the investigation

are not necessarily being driven by
intrinsic motivation but the desire to
pass examinations with good grades.
do enough to master the relevant
substantive and procedural
knowledge

view investigations as a key
component of the Chemistry practical
syllabus which impacts on their
overall performance

e See time, substantive and procedural

knowledge as limiting factors

do not necessarily demonstrate a
personal interest in investigations and
cover them simply as a syllabus
requirement

do not necessarily help students to
see the relationship between facts and
ideas while doing investigations to
maximize their chances of passing
practical examinations.

drill students on experimental
procedures

use past examination questions and
give marking guidelines to students
emphasise on doing investigations
under examination conditions as
preparation for the final examination

181



Surface-linear

students rely on rote learning
students focus on memorisation and
recalling procedures of similar
investigations done before

students do not recognise new
material as building on previous work
students see investigations only as
practical work done to prepare for
and pass examinations

do investigations as a necessary evil
part of the Chemistry syllabus

lack the requisite substantive and
procedural knowledge to successfully
do investigations

a cynical view of investigations
believing that recall of facts and
procedures is what is required

one way of doing an investigation
which is largely flawed

do not demonstrate a personal interest
in investigations and cover them
simply as a syllabus requirement

do not help students to see the
relationship between facts and ideas
while doing investigations to
maximize their chances of passing
practical examinations

drill students on one scientific
method

use past examination questions and
give marking guidelines to students
but no proper guidance and feedback
emphasise on doing investigations
under examination conditions as
preparation for the final examination

Surface-divergent

students rely on rote learning
students focus on procedures used
before to design and execute the
investigation

students do not recognise new
material as building on previous work
students do not necessarily appreciate
why they do investigations

do investigations as a necessary evil
part of the Chemistry syllabus

lack the requisite substantive and
procedural knowledge to successfully
do investigations

never come up with the correct
design, experimental procedure and
results

may not attempt the investigations at
all

convey disinterest or a negative
attitude to investigations

present Chemistry content so that it is
perceived as a series of unrelated
facts and ideas

allow students to be passive
frequently use the recipe type of
practical work

fail to show students how to link
theory to investigations

do not give feedback to students after
each investigation apart from
returning marked scripts
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Appendix M Versions of the DUQ
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Pilot Questionnaire

Final draft

=

In many of your practical sessions you are asked to design,
plan and carry out an investigation. What is an investigation
to you?

What in your opinion is the role of investigations in your
study of Chemistry?

You did an investigation in your last practical session, what
was it about?

Have you done a similar investigation before? If so briefly
describe what the investigation was about.

Describe to me how you went about designing, planning and
carrying out the investigation. Did you use any specific

strategy?

Did you find yourself stuck at any moment during the
investigation? If so, how did you solve the challenge, if at
all?

Did you manage to produce the desired plan and perform the
investigation as expected?

What did you learn from the investigation?

. One of the assessment areas in the A-Level Chemistry syllabus is

‘Experimental Skills and Investigations’. Consequently, in your practical
sessions and examinations, you are asked to design or plan and carry out
an investigation. I am aware that you did an investigation in your last
practical session. What was it about?

. Describe to me how you went about designing, planning and carrying out

this investigation. Did you use any specific
strategy/steps/method/procedure)?

. Did you find yourself stuck at any moment during the investigation? If so,

how did you solve the challenge, if at all?

. How successful were you in planning and performing the investigation?

Did you manage to produce the desired plan and results?

. What did you learn from the investigation in terms of chemistry content

and doing an investigation?

. Have you done a similar investigation before? If so briefly describe what

that similar investigation was about.

. You have done many investigations since you started A-Level Chemistry,

what do you understanding by an investigation? What makes a practical
activity an investigation? How is it different from other types of practical
work?

. In your opinion, what is the role of investigations in Chemistry? Why do

you think investigations are part of the A-Level Chemistry syllabus? Why
is it important for you to do investigations?



9. What explanation can you offer for your performance and the

way you do investigations?

10. Do you see any relationship between the investigations
that you do and the theory that you learn in the regular
Chemistry lessons? If so, give an example.

11.  What is the source of the investigations that you do
during your Chemistry practical sessions? (textbooks, past
examination papers, teacher’s own questions)

12.  What are your carrier aspirations? What do you want to
study after completing A-Level?

13. Do you think the ability to design, plan and carryout
investigations will be useful in your future studies and
professional career? Why/In what way?

14 ----
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9. What is the source of the investigations that you do during your Chemistry
practical sessions? (textbooks, past examination papers, teacher’s own
questions)

10. Do you see any relationship between the investigations that you do and
the theory that you learn in the regular Chemistry lessons? If so, give an
example.

11.  What are your career aspirations? What do you want to study after
completing A-Level?

12. Do you think the ability to design, plan and carryout investigations will
be useful in your future studies and professional career? Why? In what
way?

13. How well do you do in designing, planning and carrying out
investigations? After doing an investigation do you get the marks that you
expect?

14.  If you have any other comment to make with respect to investigations,
please use the space below.
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Appendix N Node summary of students’ understanding of an investigation

Source Type

Node

Nickname:

Classification:

Aggregated:

Dataset

Nickname:

Classification:

Aggregated:

Dataset

Nickname:

Classification:

Aggregated:

Dataset

Nickname:

Classification:

Aggregated:

Dataset

22/12/2016 09:41

Number of Number of Coding  Number of Number of Duration Coded
Sources References Words Coded Paragraphs

Nodes\\Inquiry

Yes

1 30 618 30

Nodes\\Inquiry\Designed by self

No

1 8 135 8

Nodes\\Inquiry\Discovery learning

No

1 10 177 10

Nodes\\Inquiry\How scientists work

No

1 7 200 7



Source Type

Nickname:

Classification:

Reports\\Node Summary Report

Number of
Sources References

Nodes\\Inquiry\Problem solving

Number of Coding  Number of
Words Coded Paragraphs

Number of

186

Page 1of 3

22/12/2016 09:41

Duration Coded

Aggregated: No

Dataset 1 5 106 5
Nickname: Nodes\\Process skills

Classification:

Aggregated: Yes

Dataset 1 24 314 24
Nickname: Nodes\\Process skills\Experimenting
Classification:

Aggregated: No

Dataset 1 9 114 9
Nickname: Nodes\\Process skills\Hypothesising
Classification:

Aggregated: No

Dataset 1 4 62 4
Nickname: Nodes\\Process skills\inferring



Classification:
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Aggregated: No
Dataset 1 4 52 4
Reports\\Node Summary Report Page 2 of 3
22/12/2016 09:41
Source Type Number of Number of Coding  Number of Number of Duration Coded
Sources References Words Coded Paragraphs
Nickname: Nodes\\Process skills\manipulating variables

Classification:

Aggregated: No
Dataset 1 2 24 2
Nickname: Nodes\\Process skills\Observing

Classification:

Aggregated:

Dataset

No
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Appendix O Language clearance certificate

25 Maple Crescent Phone 031 - 7075912

Circle Park 0823757722
KLOOF Fax 031 -7110458
3610 E-mait:

drigovender@telkomsa.net
sathsgovenderd@gmaii.com

Dr Saths Govender
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“Exploring Students” Approaches to Investigations in Advanced Level Chemistrv™
by T. Chirikure.

T the best of my knowledge, all the proposed amendments have been effected and
the work is free of spelling and grammatical errors. I am of the view that the guality
of language used meets generally accepted academic standards.

Yours faithfully r
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Appendix Q Question paper

When sodium thiosulphate, Na;S20s, solution reacts with acid, sulphur is slowly precipitated according to
the following reaction.

S204%(aq) + 2H*(aq) — S(s) + SO2(g) + H20(1)

a) Design an experiment to investigate the effect of the concentration of Na,S;O3 on the rate of the
reaction

You are provided with:

e astopwatch

e ameasuring cylinder

e a250cm? beaker

e asheet of paper with X drawn on it
e 0,5 moldm= sulphuric acid

e 0,1 moldm= sodium thiosulphate

Present you plan as a sequence of numbered steps.

Plan

(8)

b) Using the results which you would have obtained, describe how you would determine the order of
reaction with respect to Na,S;0s.

(%)
Total: 13



