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Abstract

The most recent New Zealand national curriculum development in Science
occurred between 1991 and 1993. This Science curriculum placed value on
students developing scientific investigative skills. The senior Biology
curriculum for students in Years 11 - 13, developed to link with the Science

curriculum, restated the Science curriculum’s investigative emphasis.

With this new emphasis on the investigative approaches to learning school
Science by national curriculum policy, it became important to identify how
teachers may help their students to achieve the investigative objectives; to
determine ways to support Biology teachers when they are introducing
openness into their programmes; and to identify perceived benefits and

constraints related to the introduction of investigative activities.

This study explores the nature and role of practical work, including
investigative approaches, in school science. It reviews the purported
functions of, and degree of intersection between, problem solving and
investigative approaches to learning in science. After an exploration of
competing views of learning, scientific investigative problem solving

practical work is placed within a framework of a co-constructivist pedagogy.

There were three main phases in the data gathering for this study. The first
two phases of this research project were conducted within a large, urban, co-
educational, state secondary school. All of the school’s Biology teachers
participated in the initial introduction of investigative practical work and
one of these teachers worked with additionally developed material for a
second year. A teaching package relating to the introduction of partially
open investigative practical work was developed during 1994. Teachers
from other secondary schools from around New Zealand participated in the

third phase trial of this material.

The research findings present challenges to a growing rhetoric regarding the

value of open investigative practical work in school science. The



introduction of partially open investigative practical work into a Year 12
Biology programme was found to be exacting of the teachers and students.
The students required deliberate and focussed teaching if they were to
progress their scientific inquiry skills. The students valued the opportunity
to have more control over the direction of their practical work. They found
investigative work motivating and claimed that it increased their learning.
Some students accepted the opportunity for personal involvement, self-
direction and responsibility very quickly, whilst others needed ongoing
support and encouragement. The teachers acknowledged a cognitive and
affective value for investigative practical work in a Biology programme but
reported considerable difficulties with the introduction and assessment of

such a programme.

Implications for both classroom practice and teacher development emerge
from this study. Suggestions of ways to help students to carry 6ut
investigations, to better hypothesise, and to plan and gather data are given,
as are strategies to help students critique their work. It is suggested that
teacher development programmes include opportunities for teachers to
develop their own understandings and skills in relation to investigative
science There could also be an emphasis on pedagogical practices which
may enhance students’ learning in this regard. Time, personnel, equipment

and materials resource implications may need to be addressed.
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Chapter 1: Introduction

1.1 Introduction

Changes to the New Zealand curricula in Science and Biology in the last decade
have reflected an international trend towards the introduction of open
investigative approaches to learning in school Science. This thesis explores
student learning and teacher development in the context of such an
introduction to senior Biology practical work. Practical work is here defined as
any activity which provides students with the opportunity to have direct
personal experience of the subject being studied and which requires both
cognitive and psychomotor participation of students. Practical work does not
necessarily mean laboratory bench ‘wet work’ (Hodson, 1993a) though the
investigations that were carried out as part of this research study frequently
did involve such activity. An investigative approach to practical work requires
students to use previous knowledge, new observations and carry out carefully
designed experiments to find answers to a specific problem or set of problems
(Duveen, Scott and Solomon, 1993). For the purposes of the research a decision
was made to restrict the introduction to partially open investigative practical
work (Simon, Jones, Fairbrother, Watson, and Black, 1992). It was partially
open in that the researcher and teachers defined the problem whilst the
students had control over the method(s) by which they solved the problem. In

addition, the outcomes/solutions were often unpredictable.

My interest in the cognitive and affective value of practical work in secondary
school Science and Biology stemmed from many years as a teacher helping
students as they struggled with practical work. Whilst many students
appeared to welcome the opportunities to "do practicals"”, far too often their joy
with this experience was dampened when "it didn't work!". Throughout the
years I had, along with many other teachers, attempted to remove some of the
unknown variables which contributed to the "it didn't work" syndrome by
presenting students with practical work which had a carefully trialed and pre-
determined method. Thus, although the New Zealand Biology curriculum of
the 1970's and 1980's had been based on the inquiry oriented Biological
Sciences Curriculum Studies approach developed by Schwab (1962) in the



United States, by the late nineteen-eighties much of the practical work
commonly carried out in senior Biology classes required students to follow

procedures which had been set for them by others.

Thus it was that in the 1980s "recipe following" practical work had become
pervasive in a majority of New Zealand schools’ senior Biology courses. This
was particularly the case for Year 12 Biology courses where curriculum linked
Biology practical guides had been developed and were freely available.
Students were given detailed guidelines to follow as they carried out their
practical work, whether it was experimental, theory reinforcing or explorative
in nature. After following detailed instructions and gathering a set of data,
students were often also provided with precise instructions as to how to
analyse and report on this data. Frequently they were presented with a set of
questions aimed at directing their thinking as they reached conclusions about
the data they had gathered. Students were given very little freedom of
thought, nor were they required to make decisions as to methodology, validity

or reliability of gathered data or the implications of their findings.

One of the outcomes of such recipe following for most students was that they
carried out their practical work unthinkingly. If I asked students to explain
what they were doing they often responded, after a quick scanning read of the
text or worksheet, in terms such as "Number 2". That is, they were indicating
that they had reached the second of the pre-set stages of the exercise.
Frequently they were unable to articulate why they were doing "Number 2" in
that particular way, nor why the writer of the exercise may have chosen to set
out the directions in that particular order. The students were not engaging in
any depth with the task in hand and were not, I felt, learning much about the
nature of scientific enquiry. When asked to explain what science meant to her

one fifteen year old wrote

(Science is) pretending that you "ve done things and found out things that you haven't.
Personal communication, 1991

Increasingly I had found this type of response disappointing and perplexing. I
had become frustrated by my students’ inability to think creatively when

meeting new and challenging situations. I had therefore experimented with

2



introducing an enquiry approach into my own teaching of Biology and Science
and had found that my students responded very enthusiastically to practical

work which allowed them to make decisions for themselves.

At the same time as teaching in regular school-based Science and Biology
programmes, I was working with students who were engaged in doing
'research’ for Science Fair projects. Such activity was often extra to classroom
science learning, taking place in lunch breaks, after school and at home. Here,
some students were able to successfully engage in what Jungck (1985) has
called the three Ps of science - problem posing, problem solving and peer
persuasion. These students were often highly motivated, posing questions
which they could attempt to answer through research of the literature and/or
personal investigation, collecting data, analysing and interpreting this data and
presenting their findings in an appropriate manner. All of the students were
personally broadening their own knowledge base and some were engaged in
the construction of new scientific knowledge. Not all students found these
Science Fair investigations easy to complete and it has to be acknowledged that
in many instances the students had very little overt preparation for their
~involvement in this process. However, a few students were highly motivated
and involved, spending many hours grappling with their own particular
research question. The question arose: could practical work in the regular

Science classroom become more openly investigative in nature?

1.2 Curriculum change in Science and Biology

By the nineteen-eighties and nineties science education writers were also
critically questioning both the value of the then current approaches to practical
work in school science and the frequent misrepresentation of the nature of
science in science curricula. Hodson, for example, in a series of papers written
between 1988 and 1996, offered a strong critique of the very structured
practicals which represented most of school science practical work through the
seventies and eighties and into the nineties (for example, Hodson, 1990, 1993a,
1996). After analysing many studies regarding the efficacy of practical work as
a way of learning scientific knowledge and the development of laboratory skills,

Hodson (1993a) concluded that practical work as was frequently practiced in
3



the 1980s and early 1990s was not particularly efficient as either a means of
learning scientific knowledge or learning about the nature of science. He also
claimed that, rather than being motivating, much school practical work lacked
challenge for students and that claims regarding practical work’s efficacy for

attitudinal development were often exaggerated (Hodson, 1990).

In response to this growing unease regarding the nature, and learning
outcomes, of practical work in school Science programmes there was a re-
introduction of problem-solving, with its focus on novelty of encounter and
paucity of instruction, to Science and Biology programmes. In Biology
education this was seen as a natural successor of the United States Biological
Sciences Curriculum Studies approaches of the mid-sixties (Hurd, Bybee, Kahle
and Yager, 1980). This re-emphasis of the work of Schwab (1962) and his BSCS
team also led to the formation of institutions such as BioQUEST (Jungck, 1985)
with their emphasis on the use of information technology to help students solve
complex problems in biological areas such as genetics that are otherwise
difficult to access with the time and equipment restraints common in schools
(Stewart, 1988). Science educators in the United Kingdom (Garrett, 1986;
Heaney and Watts, 1988) were also promoting problem-solving in a variety of
forms, ranging from ‘egg races’ to the solution of useful and relevant scientific
problems. A problem-solving approach was thus, by the early nineteen-nineties
being valued for its ability to encourage creativity and cognitive flexibility in
students (Spiro, Feltovich, Jacobsen and Coulson, 1991). It was also recognised
that the processes of problem solving have close links with the investigative
processes of science, a matter which will be addressed in depth in Chapter 3.
Additionally, it was also frequently stated that, while science has its own
philosophical base, its methods are part of everyday life and that learning in
Science can help students to learn life skills. Whilst such statements may be
based on questionable assumptions, such assertions have been made in

curriculum documents, for example:

Learning in science is fundamental to understanding the world in which we live and
work. It helps people to clarify ideas, to ask questions, to test explanations through
measurement and observation, and to use their findings to establish the worth of an idea.
Science in the New Zealand Curriculum, Ministry of Education, 1993b, p 7



The inclusion of investigative practical work in Science and senior Biology
courses was thus supported by groups such as employers and curriculum
developers. Over the last decade employer groups and curriculum developers
had emphasised the importance of students being able to solve problems, for

example:

Workers at all levels should have a capacity for cooperative action, decision making
and problem-solving. These cognitive, creative and interpersonal skill have
traditionally been seen as among the desirable outcomes of schooling.

Australian Manufacturing Council 1988 (as quoted by K Richardson, SCICON 1990)

[There are] the cross-curricular categories of essential skills and qualities to be
developed by all learners. These are ......

Communication skills

Numeracy skills

Information skills

Problem-solving and decision making skills

Self-management skills

Work and study skills

Social skills
The National Curriculum of New Zealand: A Discussion Document, Ministry of
Education, 1991, p 16

This list in the draft curriculum framework document was modified in the final
document to become eight essential skills (communication, numeracy,
information, problem solving, self-management and competitive, social and co-
operative, physical, and work and study). Although problem solving was no
longer linked with decision making it was still considered to be an important
part of the learning to ‘be developed by all students across the whole
curriculum throughout the years of schooling” (Ministry of Education, 1993a, p
17). The Essential Learning Area of Science (Ministry of Education, 1993a) was
seen by curriculum developers in New Zealand to be well placed to develop the
Essential Learning Skill of problem solving with statements such as ‘Problem
solving is an essential part of scientific investigation” occurring in the New

Zealand Science curriculum document (Ministry of Education, 1993b, p 43).

The emphasis on investigation in Science in the New Zealand Curriculum

(Ministry of Education, 1993b) is such that students in Science, as well as being

introduced to the 'scientific culture' and learning well-established scientific

"facts", are also expected to learn about the nature of the scientific process -

about how scientific knowledge is constructed. It is also expected that the

students might grasp an understanding of the status of this knowledge. Not
5



only should they learn how investigations may be done, but also why they are
done. Students, according to the curriculum documents, should encounter a
science education whose purpose is to develop their understanding of science
as having explanatory and instrumental goals as well as helping them to
understand scientific information and the enterprise in which scientific theory

is grounded.

Whilst the value of problem solving and investigative approaches was
acknowledged, science educators were also realising that students needed help
if they were to become successful scientific problem solvers and investigators.
Some, for example, Bentley and Watts, (1989), Lock (1991) and Simon et al
(1992) were analysing teacher and student roles during problem solving and
scientific investigation and were attempting to identify ways by which teachers
could help their students to solve scientific problems or carry out scientific
investigations. Others were engaged in searching for a generalised non
context-specific, problem solving approach which could be taught to students
(for example, Gayford, 1989 and Instone, 1988). A few educators, however,
sounded a note of caution regarding the notion of a generalised problem
solving process and the transferability of such generalised skills (Brown,
Collins and Duguid, 1989; Hennessy, 1993). The belief that generally useful
problem solving skills can be developed and subsequently applied to different
kinds of activities in different school subject areas, or to outside of school
activities, can be strongly criticised on the grounds that most forms of everyday
problem solving require context specific capability (Hennessy, McCormick and
Murphy, 1993).

1.3 Research questions

This research project was carried out in this climate of change with respect to
school Science practical work. My personal reasons for selecting this area of
research were three-fold and were situated in (i) my own felt dissatisfaction of
the then current practice of practical work in school Science, (ii) the changing
community expectations of school leavers and (iii) the directions of curriculum

change in New Zealand and elsewhere.



Prior to this research I had carried out an Auckland wide survey relating to
science teachers’ understandings of the role of problem-solving in school
Science. The science teachers in the greater Auckland region had indicated
benefits accruing from introducing a problem-solving approach to science
education programmes but had also identified some constraints which
restricted its use and learning outcomes. The findings from this survey had
been published in the Auckland Science Teachers’ Newsletter (Haigh, 1992)
and formed the basis of some of the directions of the early data gathering

related to this research project.

The research project sought to elucidate the cognitive and affective responses
of students and teachers in senior Biology classrooms during the introduction
of open investigative work to senior Biology programmes. The questions

guiding this research were:

1. In what ways can the students' abilities at carrying out open investigative

practical work be enhanced?

2. In what ways can Biology teachers be supported to introduce openness into

Year 12 Biology practical programmes?

3. What are the perceived benefits accruing from introducing investigative

activities into classroom programmes in Science/Biology?

4. What are the perceived constraints regarding the introduction of

investigative activities into school Science /Biology?

1.4 Background information about the researcher

The knowledge assertions made in this thesis are based on data gathered from
either the researcher's personal observations or from both verbal and written
information submitted to the researcher in response to the researcher's

questioning. The observations and question foci were influenced by the



previous experience of the researcher, either first hand or from reference to
other's work. It is, therefore, important that the reader is aware of the

background of the researcher.

When I prepared my proposal for my doctoral research I was lecturing in pre-
service teacher education, within the School of Secondary Teacher Education at
the Auckland College of Education. I was educating beginning teachers in
Science and Biology and considerably involved with ongoing in-service teacher
education. I was also lecturing in the Secondary Professional Education
programme with particular interests in the psychology of learning, co-
operative learning and assessment. My own academic studies covered

Zoology, Chemistry, Education, Sociology and Psychology.

Prior to my appointment at the Auckland College of Education I had spent
more than twenty years teaching Science, Chemistry and Biology in secondary
and tertiary institutions, with all of my secondary teaching in large New
Zealand co-educational state schools. Within the secondary school system I
had been especially interested in the role of practical work in science learning
and had played an active part in promoting Science Fair activities, being
continuously involved in the organisation of Science Fairs at the school,
regional and national levels from 1980. I have been a judge at local and

regional levels and still judge at the national level.

From 1986 until 1995 I was an examiner in Biology and Science for,
sequentially, the University Entrance Board, the South Pacific Board for

Educational Assessment and the New Zealand Qualifications Authority.

In July 1991 I was appointed to co-ordinate the writing of the New Zealand
Science Curriculum statement, Science in the New Zealand Curriculum (Ministry
of Education, 1993b). As the Co-ordinating Writer I had considerable input,
with others, into the structure of the curriculum statement and the inclusion of
its two integrating strands relating to the nature of the scientific endeavour and

development of scientific investigative skills.



Thus I brought a background of secondary school Science teacher, university
Biology lecturer, college of education lecturer (with interests in both pre-service
and in-service teacher education), Science Fair advocate, curriculum developer

and examiner to this research project.

1.5 Overviews of the research and the thesis structure

1.5.1 Overview of the research

A broad overview of the time-lines of the research project is shown in Table 1.1.

Year Phase of research

Negotiation of research direction with teachers at City
1992 High

First intervention at City High.

1993 Three open investigations trialed by four teachers and
their students.

Second intervention at City High.
1994 One of the four teachers and her students trial an
extended series of open investigations.

Trialing of units on open investigations by Biology

1995 teachers and students at other schools throughout
New Zealand.
Completion of data gathering. Validation of data
1996 analysis and interpretation by participating teachers.

Table 1.1 Overview of thesis time-lines

There were three main phases in the data gathering for this thesis. The first
two data gathering phases of this research project were conducted within a
large, urban, New Zealand co-educational state secondary school called, for the
purpose of this study, City High (not its actual name). All four members of the
senior Biology department in this school agreed to participate in the research.
Classroom based field work and related studies of these teachers and their
students were principally carried out over the years 1993 and 1994. In 1993 1
spent at least one period per week with all four of the teachers in the Biology
department, monitoring the classroom as these teachers and their students
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engaged in the teaching and learning of Biology at Year 12. Additional time
was spent interviewing the teachers and their students. In 1994, in order to
gather more in-depth and focussed information following on from the 1993
observations I carried out more frequent monitoring of one teacher with one of
the Year 12 Biology classes in City High School. The class was observed for a
minimum of two periods per week and the teacher and students provided
considerable additional written and verbal information. During 1995 I kept in
regular contact with the 1994 teacher with a final interview in December of
1995.

A teaching package relating to the introduction of partially open investigative
practical work was developed during 1994. A sample of this material was
presented by the researcher at a New Zealand Science Teachers Conference,
SCICON 94, and teachers were asked to express interest in a wider trial of the
material. Teachers from twenty-two other secondary schools from around
New Zealand agreed to participate in this wider trial. Each was sent a package
containing student task sheets and worksheets for open investigations, teacher
guide material and research response sheets (Haigh, 1995 - see Appendix A for
details of contents). The 1995 teachers sent information back to the researcher
at the end of the 1995 school year. A small number of these teachers and their

students were also personally contacted during 1995 and 1996.

1.5.2 Structure of the thesis

The thesis is divided into three major sections. In the first section the thesis
explores the nature and role of practical work in school science (Chapter 2), the
relationship between problem solving and investigation (Chapter 3), and
presents a co-constructivist view of learning as a theoretical framework for
investigating in school Science in Chapter 4. Chapter 5 describes the research

methodology and design.

The second major section of the thesis covers the research findings. Chapters 6

and 7 trace the activities and abilities of the participating students as they

carried out investigations, and their attitudes to investigating. Chapters 8 - 10

of this section focuses on the teachers. It describes the teachers’ response to the
10



three phases of the intervention with particular emphasis on the professional

development of one of the participating teachers (Kaye) in Chapter 9.

The final chapter presents general findings from this study. It also answers the
research questions, assesses curriculum expectations against demonstrated
classroom practice and presents a model to indicate the complexity of the
investigative process. Implications for classroom practice and teacher

development from the findings of this research project and proposals for future

research are also discussed.
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Chapter 2: The Nature And Function Of
Practical Work In School Science

2.1 Introduction

There is an expectation by curriculum developers (see Science in the New
Zealand Curriculum, Ministry of Education, 1993b) and teachers that student
involvement in investigative practical work will help the students to
achieve some of the expected learning outcomes of a science course.
However, before we can determine the degree to which engagement in
investigative practical work helps students to learn Biology we need to
consider the nature of practical work in school Science and Biology
programmes and the reasons given for its inclusion. The characteristics of
investigative practical work will also need to be clarified as will the links
between investigative approaches and other teaching-learning approaches

such as problem solving.

In this chapter I will trace an historical view of practical work in school
science (Section 2.2). Discovery learning approaches (2.2.1) and process
science approaches (2.2.2) will be presented and critiqued. An investigative
approach is presented as a means of presenting a balance of process and
content to practical work (2.2.3). Reasons given for the inclusion of practical
work in school Science programmes will be addressed in this chapter
(Section 2.3) as will general criticisms of the role of practical work in school
Science (Section 2.4). The nature of investigation and its relationship to

problem solving will be considered in Chapter 3.

2.2 An historical view of practical work in school Science

As formal teaching in science developed in Britain during the nineteenth
century, practical work became an essential part of the school scierce
curriculum (Gee and Clackson, 1992). Since the New Zealand secondary
education system reflected the English secondary education model
(McKinnon, Nolan, Openshaw and Soler, 1991) practical work also became
an integral part of the New Zealand science curriculum in the nineteenth

century.
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Early practical work developed under the influence of educators such as
Armstrong (1896) who encouraged an heuristic approach to practical science
where the students were trained to find out, or discover, things for
themselves (see van Praagh, 1973 for an historical overview). According to
Nott (1997), students following Armstrong’s heuristic approach were trained
in particular skills and required to use these to solve problems. Challenges
to the heuristic approach came as science educators began to dispute
whether scientific concepts could be discovered by common sense, whether
transfer of scientific method skills occurred, and whether development of
atomised process skills of observing, hypothesising and the like was a
worthwhile aim (see the historical reviews of Wellington, 1989 and Hodson
and Reid, 1988). In part as a response to this debate, but also because of
difficulties with the adequate provision of equipment for increasing
numbers of students (Gee and Clackson, 1992), an emphasis on teaching the
content of science developed during the first half of this century, with
practical work serving largely illustrative purposes. This attention to
teaching the content of science was compounded by widespread written
theoretical examinations rather than practical examinations. Consequently,
concerns arose regarding the widespread presentation of science as received
fact. What was taught in New Zealand largely reflected the ‘teaching of
science content’ approaches of Britain, with science as a school subject not
compulsory in New Zealand until after the Thomas report of 1945
(Department of Education, 1959). Here, too, an emphasis on written
examinations led to a lesser emphasis on practical work in science except for

that which illustrated scientific principles.

2.2.1 Discovery Learning Approaches

By the late 1950s and early 1960s concerns, in the United Kingdom and the
United States, that science was being taught largely as received fact led to the
influential Nuffield and Biological Sciences Curriculum Study (BSCS)
projects. Practical exercises in the laboratory were central to both Nuffield
and BSCS curricula. The emphasis in the Nuffield Science courses was on
'learning rather than being taught, on understanding rather than amassing

information, on finding out rather than being told' (Nuffield Advanced
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Science, 1970, p vii). The first teachers' guide to the physics series (Nuffield

Foundation, 1966) says of practical work:

A very strong influence in young people's understanding of science and scientific work is
their own experimental work. Professional scientists devise their own experiments,
meeting difficulties as well as successes, trying things out with a watchful eye and a
critical mind, ... Our pupils can do the same, with both understanding and delight, if

we give them opportunity and plenty of time.

ibid p 3
Linked to information processing models of learning, these discovery
learning approaches encouraged students to collect data from which it was
expected that generalisations would emerge and with subsequent discussion
would lead to concept formation and understanding (Hodson, 1993a). Such
ideals were difficult to effect in the classroom and the Nuffield project
produced very detailed teachers' guides to overcome the dilemma of
steering a course between the two extremes of simply indicating areas for
investigation or providing detailed lesson-by-lesson outlines (van Praagh,
1991). Alexander (1974) quotes the Nuffield project organiser as indicating
that:

Since there are dangers of frustration if the work is 'open ended’, much of the

experimental work is structured so that the pupils do obtain an answer to a real problem

and we want them to experience the excitement of a discovery which is a genuine one for

them.

ibid p 1
The underlying philosophy of the BSCS projects was 'the production of
creative and imaginative programs at the cutting edge of the discipline’
(Klinckmann, 1970, vii). The developers were aiming not just to make
materials from recent scientific journals available to school students, but to
'develop and present those materials so as to contribute to the development
of attitudes and skills as well as of knowledge' (ibid, p 7). The materials
were 'to reflect the principles and emphases of science as a whole' (ibid, p 8)
with their focus on enquiry science (Schwab, 1962). Students were to be
shown how knowledge arises from an interpretation of data, that
interpretation of data is made on the basis of concepts and assumptions that
may change as knowledge grows, and that knowledge may change. The
emphasis was on showing not telling. The primary aim of the BSCS
materials was for the students to understand enquiry and for this the

students were to be actively participating. In so doing the student might
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find that science is not 'merely learning' what others already know but 'an
activity of the mind, a challenge to the imagination and a place where
thought and invention are rewarded' (Klinckmann, 1970, p 132). The
students were also expected to develop their skills of interpretation and

their understanding of scientific knowledge.

To explain their rationale the BSCS team developed a definition of inquiry
which they published as a position paper (cited in Anderson and Koutnik,
1972). In it the substantive body of biological knowledge was defined as
including both the knowledge of inquiry processes and the findings of these
inquiries. They stressed that both knowledge of inquiry processes and the
findings of these inquiries, were equally important but that, historically, one
(content) had been emphasised more heavily than the other, and that a
greater attention to inquiry processes was needed. However, such attention
should not 'exclude or foreshadow the importance of teaching the findings
of scientific inquiries. As a matter of fact, teaching inquiry processés
demands the teaching of content inseparable from process' (ibid, p 4). For
them, inquiry was a set of directed activities engaged with for the purpose of
increasing understanding and possible application of that understanding.
They also emphasised the complexity and personal dimension of inquiry
and that solution of a problem was not necessarily 'essential for inquiry to

be deemed successful' (ibid, p 4).

New Zealand curriculum development followed the lead of Nuffield and
BSCS. The yellow version of the Biological Sciences Curriculum Studies
was first trialed at Heretaunga College in 1963 and trials of the blue and
green versions followed. Nuffield science was introduced into New
Zealand by Rae Munro at Avondale College in 1965 (R. Munro and C. Percy,
interview notes, 6/9/94). Such trials required a rethink of teacher and
student behaviours and the classroom culture. Munro commented that
'enquiry science is a high risk endeavour' and that 'more important than
anything else it required that I have the confidence to eyeball my colleagues
and convince them that ... all the noise that came out of my lab was in fact
worthwhile'. In New Zealand, text writing followed these trials with the
junior science text series "Science Makes Sense" (Buckley, Lubeck, Percy,
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Roberts and Tarrant, 1968) and the senior biology text "Biological Science"
(Curriculum Development Unit, 1969) being strongly influenced by the
Nuffield and BSCS approaches. These widely used New Zealand texts
displayed a concern to induct children into the spirit, and ways of working,

of science as practised by scientists.

Criticisms of Discovery Learning Approaches

The emphases and underpinning pedagogical assumptions of the Nuffield
and BSCS approaches have been challenged. The major criticism about the
Nuffield approach was its re-introduction of a "discovery” learning

approach, an approach which had been criticised earlier when promoted by
Armstrong (1896).

Stevens (1978) addressed the underlying philosophy of practical
programmes such as the Nuffield schemes and declared that he had
‘exposed errors in an imputed philosophy of science subscribed to by the
Nuffield Foundation’ (p 99). To support this claim he critiqued heuristic
methods, the relationship of hypotheses to discovery approaches, the
concept of discovery itself, and the difficulty of establishing theory-neutral
observation. He claimed that underpinning much of the discovery
approach to science was the understanding that there would be one right
answer, that at least one student would come up with an answer near to the
received answer. He felt that this was at best pretence and at worst dishonest
since the science that students do is comparatively crude. It also portrayed a
false account of 'doing' of science in a manner not recognised by scientists.
Stevens therefore asserted that ‘learning science by doing science is thus
emotionally impossible and is likely to generate logical absurdities’ (ibid p
109). Stevens accordingly contended that a different balance between
discovery methods and more traditional demonstration methods was

required.

Other writers (Claxton 1984; Hodson, 1996) have claimed that the discovery
methods proposed by programmes such as Nuffield had, over time, become
'guided discovery'. Teachers were leading students to a pre-determined

concept by providing them with a series of planned exercises, thus allowing
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the students very little personal decision making. Thus the contrived
nature of the Nuffield "discovery" approach left little opportunity for
students to design and carry out their own investigations and the strength of
the Nuffield based science curricula was seen to be more in aspects of
illustrating or refining concepts rather than 'finding out' (Gott and Duggan
1995).

Many teachers in New Zealand schools in the late seventies used guided
discovery learning as a vehicle for understanding science content (Osborne,
Freyberg and Tasker, 1979). Osborne et al noted that teachers were concerned
about the ideas to be discovered requiring such complicated instructions or
experimental design, that students could not cope with the demand. The
ideas to be discovered frequently did not follow on from the experimental
evidence which the students obtained, forcing the teachers to make 'broad
generalisations to support theory based on trivial evidence from-.
experimental results' (ibid, p 8). Students and teachers became
apprehensive about obtaining 'the right answer' (ibid, p 6). Their findings
from this initial survey led Osborne et al to suggest that students might carry
out investigations or projects 'where children might find out for
themselves without the threat of not getting the right answer hanging over
their head' (ibid, p 14) and that students need to be involved with their
teacher in discussing how they might design experiments rather than being

given instructions to follow.

As a result of perceiving these philosophical misgivings of teachers, and
noting some learning difficulties for students being taught within a
framework of the Nuffield approach, writers such as Stevens (1978) were
claiming, that there 'is a logical conflict between learning and discovery
which can produce some very undesirable results.' (p 9), and, questioning

the underlying philosophy:

It seems then that the Nuffield philosophy's discovery method cannot imitate science
by allowing real discoveries, but can only encourage guesses at what scientists have
done in the past, since, presumably, we want children to rediscover our science.

ibid, p 103
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Also concerned about the required pedagogical approaches, Stevens

highlighted the stage management required to obtain received answers:

The discovery method requires the teacher to assess the evidence with the class to try

to show how the received answer is in fact the best explanation.

ibid, p 107
Thus, whilst the Nuffield projects were developed with the intention of
increasing student participation in experimental work and imaginative
discussion, in reality their main purpose had increasingly become the
teaching of basic declarative concepts (as defined by Bereiter, 1992; Husen
and Postlethwaite, 1994). In New Zealand the reality of poorly designed
classrooms, restricted access to equipment, and a strong theoretical emphasis
in senior school examinations also operated against a high level of student

participation in practical work.

The inquiry approaches of BSCS have also been analysed and critiqued
(Hurd et al, 1980; Lott,1983; Shymansky, 1984; Costenson and Lawson, 1986;
Yager, Engen and Snider, 1969; Sydney-Smith and Treagust, 1992). Lott
(1983) and Shymansky (1984) both carried out meta-analyses of research
reports comparing the learning results of traditional practical work (that is,
where a designed activity is performed by close following of a set of
instructions) versus practical work which takes an inquiry approach. Both
meta-analyses reported superiority of laboratory based inquiry teaching
methods for the learning of declarative concepts, particularly in the
biological sciences. These findings have been supported by a more recent
study as reported by Hall and McCurdy (1990) which indicated that students
using the Biological Sciences Curriculum Study inquiry approach scored
significantly higher than students in the comparison group for biology
content achievement. However, data from follow-up investigations have
indicated that only a small percentage of teachers have used such methods
in their teaching of biology in the United States and usually for less than
twenty-five percent of the time (Hurd et al, 1980). In an attempt to uncover
the reason(s) for this Costenson and Lawson (1986) interviewed experienced
teachers and found teachers suggested ten reasons for their non-use of

inquiry methods. These were: time and energy required by teachers; time
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taken to complete, thus making covering the curriculum difficult; reading
level of inquiry texts too difficult; risk of uncertain outcomes being too high;
tracking (streaming) was cutting out formal thinkers from biology classes,
therefore most of the students could not cope with the intellectual demands
of this approach; student immaturity; difficulty of changing established
teaching habits; the need to follow sequential material very carefully;
discomfort regarding lack of control, and expensive materials needed.
Costenson and Lawson (1986) concluded that all ten of the reasons were not
sufficient of themselves to prevent an inquiry approach in the classroom
but that teacher education (both pre-service and in-service) needed to
address teacher preparation for teaching science in an inquiry mode.
Sydney-Smith and Treagust (1992) also came to this conclusion after carrying
out a study into whether or not inquiry based biology courses meet the

needs of today's more varied student population.

Criticisms of Nuffield and BSCS programmes (for example, Hodson, 1996)
have also arisen from perceptions that both programmes appear to support
an naive inductivist Baconian view of science where scientific knowledge is
derived from the facts of experience acquired by observation and experience
(Chalmers, 1982). Since such a simple Baconian view of science is no longer
widely supported but has largely been replaced by a hypothetico-deductive
perspective, Nuffield and BSCS have been criticised for presenting a view of
science at variance with what it actually is. However, it can be questioned if
all of 'real' science is necessarily driven from an hypothetico-deductive
perspective and, if this is not so, the programmes should not be so severely
censured. That they should not be so criticised is supported by philosophers
such as Nickles (1989) who claimed that in practice an inductivist approach,
compared with hypothetico-deductive methods, remains an important
aspect of science. Thus, Nickles supported Coulter (1966) who argued that
an inductivist approach is superior to a deductive approach for learning, in
school, about the method of science inquiry. He claimed that, while
traditionally practical work in school science was used in a deductive
manner to demonstrate, or verify, some principle, practical work in the
majority of secondary school laboratories was more akin to an inductivist
approach with students designing and developing their own experiments to
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solve problems suggested by observation. Analysis of his own research data
led Coulter to support the latter as a means of introducing students to
scientific enquiry as he concluded that inductive approaches tended to
impart a better appreciation of the aspects of scientific enquiry than did
traditional deductive approaches where the aim was to verify some

principle.

In addition, others were concerned that programmes such as Nuffield and
BSCS did not take into account the reality of the classroom environment.
Blumenfeld, Soloway, Marx, Krajcik, Guzdial and Palincsar (1991)
considered that the programmes were developed and distributed without
sufficient appreciation of the complex nature of student motivation,
without considering the questions from a student's point of view and
without paying enough attention to the 'mature and extent of teacher

knowledge and commitment and the complexity of classroom organisation'
(ibid, p 373).

2.2.2 Process Science Approaches

The Nuffield Foundation and BSCS programmes were not the only science
curriculum developments arising out of a felt need for there to be a greater
emphasis on inquiry and scientific methodology. Schemes such as 'Science -
A Process Approach” were developed in America in 1967 (American
Association for the Advancement of Science, 1967), and 'Warwick Process
Science' (Screen, 1986, 1988) in the United Kingdom. Whilst discovery
learning approaches focussed on student learning of scientific concepts the
underlying premise of both of these process approach schemes was that
education in science should place more emphasis on the methods of science
rather than focussing primarily on its products. It was felt that specific
teaching of how to do the processes was necessary, and there was a belief that
the process skills so learned could be transferred to other situations. Screen
developed Warwick Process Science on the basis of his ‘'belief and
experience' (Screen, 1988, p 146) that whilst the content of science is
important it is not the facts themselves but how they are arrived at which
constitutes an education in science. He claimed that the Warwick Process

Science scheme enabled students to learn transferable process skills which
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the students could use to practise science and also to question the practice of
others’ scientific work - a skill he identified as being required by many
decision makers who wuse or allow the use of scientific knowledge.
Concurrently process science assessment schemes such as TAPS (Bryce,
1991a, 1991b; Bryce, McCall, Macgregor, Robertson, and Weston, 1991) and
GASP (Davis, 1989) were being developed. Similarly the work of the
Assessment Performance Unit in the United Kingdom, with its emphases
on the monitoring of processes and skills of science also gave impetus to a

change in direction in science education (Black, 1990, 1993, 1994).

Criticism of process approaches

Such 'process science’ approaches were also not without their critics. These
schemes have Dbeen censured for unsound philosophical and
epistemological assumptions (Hodson, 1993a, 1993b; Millar and Driver,
1987). They were also criticised for their emphasis of the importance of
process. Screen (1986) himself had claimed that 'important though the
content of science might be it is not the facts themselves but how they are
arrived at which constitutes an education in science' (p 146) and Swatton
(1990) believed that by so claiming, Screen had shifted from a descriptive
analysis of the characteristics of science to claiming a process approach as a
prescription for the practice of science education. In so doing Screen had
failed to acknowledge that the process of science is not necessarily
equivalent to the process of learning science (Kirschner, 1992). Similarly,
contributors in Wellington (1989) suggested that, if we believe that science
activity has explanatory aims, what passes as models for scientific processes
in process oriented curricula are defective, untenable and of questionable
validity since the intended outcome of such curricula is not scientific

explanation, but rather new individual knowledge.

The notion that there is a scientific method which is a discrete, context-

independent, generalisable and transferable process is strongly attacked

(Hodson, 1993b). Such a belief is said to deny the theory ladeness of all

processes and to ignore the scientific concepts which underpin, for example,

scientific observation or scientific hypothesis making (see also Bell, 1986;

Driver, 1993; Osborne and Wittrock, 1985). That an observation or
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interpretation is made from an implied theoretical viewpoint, that is, is not

theory neutral, must therefore be acknowledged:

It is clear that the processes of science are theory-laden. We observe not what is there
but what our theoretical perception tell usis significant, and our success in applying
these understandings is content-dependent.

Woolnough, 1991, p 6

This view was also argued by Millar and Driver (1987) who stated that 'there
is no empirical evidence to support the view that a clearly describable
method of science, consisting of a set of identifiable processes, exists' (ibid, p
36). They also questioned whether it is possible to teach content

independent processes.

Other writers have noted that highly structured school science practical
activities are not closely related to science as it is generally practiced. Schon
(1983) pointed out that faithful following of a prescribed method is not
essential for the learning of scientific processes in school and practising
scientists are quick to note that their research may not strictly follow the
sequence suggested by the 'scientific method'. Close following of a scientific
methodology hierarchy can also lead to naive inductivism (Chalmers, 1982;
Hodson, 1992a).

Additionally, Millar and Driver (1987) suggested that the ‘process
perspective reflects ... an inappropriate view of learning' (ibid, p 36). They
were concerned that the underlying pedagogy of the process approach did
not take into sufficient account the influence of the learners' prior
knowledge on learning activities. They were also concerned with the
presumed hierarchy of process which is implied in initiatives such as
Warwick Process Science, [observing, inferring, classifying, predicting,
controlling variables and hypothesising] and, in particular, with the
suggestion that such an hierarchy represents an hierarchy in intellectual
activity. They did, however, acknowledge the commitment to the high
levels of student engagement which underpins process oriented schemes,
and suggested that, rather than being seen as goals of instruction in science,

having students engaged in science processes should rather be seen as a
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means of encouraging children’'s 'thoughtful participation' (ibid, p 56) in

their science learning.

Many programmes of practical science which have an emphasis on skill
development have also been questioned regarding their notion of the
transferability of such skills, the development of practical skills as a ‘'means’
or an 'end’ and the relationship between skills and processes (Denny and
Chennell, 1986; Hodson, 1992b; Hennessy et al, 1993). These criticisms have
arisen from a view of learning which maintains that all learning is
contextualised and thus it is difficult to conceive of the learning of skills in a
de-contextualised situation. Some writers (Gott and Duggan, 1995) are
careful to define scientific processes as separate from scientific skills, others
are not and discuss the development of process skills (Roth and
Roychoudhury, 1993). This leads to confusion of understanding and
difficulty in equating statements from different sources. Millar (1991)
divided practical skills into three categories - general cognitive processes,
which included observation skills, practical techniques and inquiry tactics -
claiming that the first of these categories can not be taught but that the other
two can. Millar’s view of the unteachability of general cognitive processes is
not universally accepted. Adey and Shayer (1990), for example, have argued
that it is possible to accelerate students’ formal thinking and have developed
teaching programmes in this regard which they have called “Cognitive
Acceleration in Science Education” programmes. Gunstone (1991) has also
made a differentiation between 'doing' and 'understanding' with regard to
observation, stating that students can be taught to understand the nature of

observation which may lead to a higher level of 'doing’ observation.

In addition, process approaches have been criticised because, with their
tendency to focus primarily on process, they may permit inattention to the
manner in which engagement in process stimulates scientific conceptual
development (Hodson, 1993b). As well, through their emphasis on the
practice of scientific process there is often a perceived lack of continuity in
concept development and teachers consequently have difficulty fleshing out
a process approach into a coherent scheme of work (Gott and Duggan, 1995).
However, Screen (1986) himself argued that the process versus content
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debate should not arise because 'in reality such a conflict does not exist'

since:

No one would surely put forward a case for an education in science completely
devoid of process, for without process the memorising of facts is neither science
nor education. Equally, a process course devoid of content or scientific context is
merely organised common sense.

ibid, p 148

It has also been pointed out that 'process skills are not separated from
science content when problems are encountered in real life situations' but
that when problems are encountered in classrooms, teachers have arranged
them in such a way that processes are isolated in order to give student
intensive practice on skills (Tobin, 1984). It is the artificiality of the

classroom which may cause the disjunction of process and content.

2.2.3 Investigations

This perceived artificial disjunction of process and content has, in recent
years led to a call for a return to a more balanced approach to science
education with an emphasis on scientific processes and content aligned with
a consideration of views of learning (Hodson, 1992b). Such views of
learning would need to take into account the learning of content and
process. What is needed is the introduction of an approach which better
reflects both our ‘understanding of the learning process and of science as a
human activity’ (Millar and Driver, 1987, p 57) and the interaction of these
within a given context. Millar and Driver proposed that we should view
the learner as an 'intelligent adaptive problem solver' (p 57) and thus
develop a curriculum which employs a pedagogy where students are
actively engaged in doing science and where students are enabled to develop
personal knowledge in the scientific domain which will empower them to
work in their everyday lives and live in a participatory democracy. The
essence of such a curriculum is the students’ thinking of concepts and

processes as they are engaged in the practical work.

Engagement of students’ minds as well as hands in investigative problem
solving science has been promoted as a means of enhancing, and utilising,
linkages between conceptual and procedural learning (Gott and Mashiter,
1994). Such an approach is also considered to address both concerns
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regarding discovery and process approaches to learning in school science
and a reluctance to return to a situation where didactic demonstrations

become the norm for practical work.

Similarly, Swatton (1990, 1993) and Tytler and Swatton (1992) have argued
that, since both the process and content dimensions of science education are
important in children's learning in science we can not afford to emphasise
one at the expense of the other. Instead, students should be engaged in
complex investigations since procedural and content understanding are

both essential components of such practical investigations.

That students’ prior knowledge (tacit and acknowledged) should be
developed through the experience of a whole series of complete
investigations has been similarly argued by Hodson (1993b). As Woolnough
and Allsop (1985) have indicated, the role of tacit knowledge as students

carry out investigations is critical:

We often pretend that focal, articulated knowledge is the highest aspiration and that
having acquired this we use it to solve problems. In reality most problem solving is
done directly through tacit knowledge, acquired through personal experience.

p72

Other writers such as Gott and Duggan (1995) have also emphasised the

value, and essentially holistic nature, of investigations:

Investigations aim to allow pupils to use and apply both concepts and cognitive
processes, as well as practical skills.
p20

The relationships between engaging in investigative practical work and
learning outcomes from this engagement are not seen as simple. Hodson
(1992a) re-introduced Oakeshott’s (1962) notion of connoisseurship to
knowing how, and when, to apply principles and rules. Hodson also re-
presented Gage's (1978) concepts of the art and craft of the scientist which
acknowledge tacit knowledge and the role of intuition and inspiration to
gifted scientists and suggested that students likewise may act on hunches
when they are carrying out investigations even if they are not be able to

articulate these. Teaching process and content as separate chunks of a
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science programme may not provide opportunity for students to use their

hunches in an authentic situation.

However, the opportunity to link conceptual and procedural understanding
was not the only reason given by science educators when they promoted the
role of investigation in science education. Another reason was that of the
linkage of process with an understanding of the nature of the scientific
pursuit (Peterson and Jungck, 1988). In their argument for the introduction
of a problem-solving based investigative approach in biology they argued
that such an approach helped students to understand how scientific
knowledge is constructed, but they also continued to acknowledge the

theory-laden nature of such investigations:

Textbooks are dry and static, labs are cookbook, lectures push information to students
who have become junkies for mythical 'scientific facts' In reality there is no such thing
as a fact unsullied by theory (or prejudice or hunch). The store of information in biology
is doubling several times a decade and the theories that shape our knowledge are
constantly changing. ... What could endure longest from an introductory course is an
understanding of, and some practice with the way biologists pursue their craft. Our
courses must help students understand how biologists: perceive the world; pose

questions; pursue the problems from these questions; and, ultimately, persuade others of
the value of their solutions.
p 14

There is also a claimed social advantage which accrues when students are
investigating. The complex task of engaging simultaneously with both
scientific concepts and process is most fruitfully carried out within a social
discourse. We should acknowledge and appreciate the social collective
nature of scientific endeavour and recognise that students carrying out
investigations are working in ways more closely corresponding to the way
in which scientists work as a team (Gil-Perez and Martinez-Torregrosa,
1983).

In summary investigative science is seen as significant as it presents
students with the opportunity to engage with scientific concepts and
processes at the same time. An investigative pedagogy is seen as taking into
account views of learning as well as views of science. Students are
perceived as being encouraged to engage their minds as well as their hands.

An investigative approach is perceived as allowing for and encouraging the
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use of both tacit and acknowledged prior knowledge. It is seen as enabling
students to gain a better understanding of the nature of the scientific pursuit
and as supporting the social collective nature of scientific endeavour. Thus,
whilst investigative science is not seen as the only form of practical work in
which students can be valuably engaged it is perceived to be one of

significance.

But investigations are not the only form of practical work promoted in
science curricula today. Woolnough and Allsop (1985), for example,
categorised three types of practical work. There are experiences, where
students get a feel for phenomena; exercises, where students practise skills
and techniques and investigation, where students carry-out tasks which may
be open-ended. Others have presented a more complex model. Gott,
Welford and Foulds (1988) developed a five fold classification of practical
work with each type of practical work serving a different function. Their
categories included skills (with the aim to provide opportunities for pupils
to acquire a particular skill); observation (to provide opportunities for pupils
to use their conceptual framework in relating real objects and events to
scientific ideas); enquiry (to discover or acquire a concept, law or principle);
illustration (to 'prove' or verify a particular concept, law or principle); and
investigation (to provide opportunities for pupils to use concepts, cognitive
processes and skills to solve a problem). They noted that the boundaries
between these types of practical work are not watertight and that practical

activities can clearly include more than one aspect.

Whilst some science educators note that it is important to include
opportunities for students in school Science classrooms to do science, to
learn science and to learn about science (Hodson, 1993a), others restrict the
doing of science to that activity which establishes new scientific knowledge
(Kirschner, 1992). Still others claim that in the learning of science, practical
work is only one strategy of the many available to a teacher (Osborne, 1997)
and that there may be any number of other active learning strategies which

are not practically based which can be used to help students learn science.
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As already discussed in Chapter 1, changes to New Zealand curricula in
Science and Biology in the last decade have reflected the international trend
towards a more balanced approach to science education with an emphasis
on scientific process and content and on students gaining a better
understanding of the nature of science. There has been an emphasis on the
inclusion of investigative approaches in practical work. @ However
investigative approaches are seen to be only part of a student’s practical
programme. The New Zealand curriculum documents include the
suggestion that students should experience a variety of different kinds of
practical work. The introductory statement to the practically focused
integrating strand in Science in the New Zealand Curriculum (Ministry of
Education, 1993b), for example, made a similar division to that of

Woolnough and Allsop (1985):

Practical work in science can include experiencing phenomena, developing practical
skills or techniques, and carrying out investigations.
Ministry of Education, 1993b, p 42

In summary, Section 2.2 has presented an historical overview of the nature
of practical work in school Science programmes. Just as practical work has
long been seen as a powerful resource for 'persuasion and conviction' with
regard to increasing scientific knowledge within the scientific community
(Gooding, Pinch and Schaffer, 1989), it can be argued that this is no less so for
school students' understanding of science. In fact, practical work has long
been a important part of school Science programmes with different
approaches being emphasised at different times. What reasons are given for

this widespread inclusion of practical work in school Science programmes?

2.3 Reasons for the inclusion of practical work in school
Science

Practical work in school Science is 'taken for granted' such that explicit
justifications for it are not generally required of curriculum documents and
teaching materials. Intended goals for practical work are also frequently

implied rather than directly stated.
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Science educators concerned with the objectives of the school Science
curriculum have reported, either directly or by implication, many,
ostensibly positive, outcomes of practical work. It should be noted that
various of these stated outcomes could also be arguments for science
education in general, rather than specifically for practical work in school
Science. Suggested reasons for the inclusion of practical work in school
Science can be grouped according to their links with the development of
conceptual understanding, both declarative, (content understanding,
sometimes also called substantive concepts) and procedural (the
understanding of scientific processes and procedures); attitudinal outcomes;
and skills development. In addition, practical work is sometimes presented
as a means of helping students to achieve generic educational outcomes

such as logical thinking.

Using these five broad categories, a list of outcomes have been identified
from curriculum documents, teaching materials, conference presentations
and research reports. Some of these outcomes statements are rhetorical,
others research based. In some instances the proposed outcomes have been
explicitly stated; in others they have been identified from implied
statements. The citation beside each simply means that it has been
mentioned by the writer as a possible outcome - it does not necessarily imply
the writer’s support for that notion, nor a belief that engagement in practical
work automatically bestows that learning outcome. A presentation and
critique of these reasons for the inclusion of practical work in school Science

programmes follows.

Practical work is included in school Science programmes to enhance the
learning of declarative (substantive) concepts; to enhance students’
understandings of scientific procedures and cognitive processes; to enhance
students’ learning of scientific skills; to enhance students’ learning of
scientific attitudes; and to help students achieve generic educational

objectives.
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2.3.1 The learning of declarative (substantive) concepts

Practical work may be a vehicle for knowledge learning (Fensham, 1990).
Engagement in practical work is perceived to reinforce and develop
students’ understandings of scientific concepts, such as 'photosynthesis’,
'respiration’ and 'growth’. (Kerr 1964; Shulman and Tamir, 1973; Osborne et
al, 1979; Ivins, 1983; Bell, 1986; Bond, Dunn and Hegarty-Hazel, 1986; Denny
and Chennell, 1986; Kahn, 1990; Woolnough, 1991; Scott, 1993; Millar, 1994;
Parkinson, 1994).

A second declarative objective for practical work mentioned in the literature
is that engagement in practical work allows students to get a feel for
phenomena such as, for example, the cellular nature of living material
(Woolnough and Allsop, 1985). Doing practical work is also perceived to
help students discern the links between science and technology, such as that
between the development of lenses and our understanding of the structure

of cells (Fensham, 1990; Saunders, 1990; Ramsden, 1994).

In addition, practical work can act to confirm scientific laws in the 'neutral’
atmosphere of the laboratory, such as the 'proof' in ecological systems of
Leibig's Law of the Minimum, or Shelford's Law of Tolerance (Kahn, 1990).
There may also be an aspect of community value in that practical work may
serve to help students learn scientific knowledge of public worth through
the application of scientific knowledge in everyday contexts such as the
disposal of biological waste materials or the slowing of decay in fruit and
vegetables (Fensham, 1990; Hobson, 1992).

However, not all research has produced evidence to support the value of
practical work for conceptual development (Johnston and Wham, 1982).
Woolnough and Allsop (1985) have argued that there can be a detrimental
effect from a 'tight coupling' of practical and theory with the quality of both
practical work and conceptual understanding suffering. Similarly, Osborne
(1993) claimed that there was too often an illusion of active and purposeful
learning when in actuality practical work did not really aid conceptual
understanding. There has also been concern expressed regarding the

discrepancies which can occur between teacher intent and actual learner
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perceptions or outcomes when students are engaged in teacher-guided
activity based lessons (Tasker and Freyberg, 1985). Three general areas where
discrepancies could arise are defined by Tasker and Freyberg as discrepancies
of intent, actions and views of the world. Discrepancies in intent arise from
teachers’ and students’ different perceptions of scientific context, purpose
and design; discrepancies in actions may cause students to simply follow
instructions or try to get the results that they think their teacher wants and
to not consider their findings in any critical way; and discrepancies in the
teachers’ and students’ views of the world may mean that the students may
have quite a different perspective on an activity from that of their teacher. It
may also give rise to a situation where a teacher may indicate that a practical
activity has provided information on which to base a pre-determined
conclusion but from the students’ point of view the given conclusion may

not be supported by the data.

2.3.2 Enhancing students’ understandings of scientific procedures
and cognitive processes

The second main group of objectives for the inclusion of practical work in
school Science programmes relate to procedure and process. Engagement in
practical work is perceived to give students insight into the 'scientific
method' (Kerr 1964; Stevens, 1978; Woolnough and Allsop, 1985). It also
fosters understanding of the nature of scientific enquiry (Dewey, 1910/1995;
Klinckmann, 1970; Shulman and Tamir, 1973; Denny and Chennell, 1986;
Hegarty-Hazel, 1990; Kahn, 1990; Klopfer, 1990). @ Another claimed
procedural/process reason for doing practical work is that it offers the
opportunity for teachers to train students in general science enquiry skills
such as thinking scientifically or solving problems (Shulman and Tamir,
1973; Osborne et al, 1979; Ivins, 1983; Denny and Chennell, 1986; Byrne, 1990;
Kahn, 1990; Roth and Roychoudhury, 1993; Swatton, 1993; Millar, 1994).

In addition, the inclusion of practical work in school Science programmes
enables practice of scientific cognitive processes such as scientific
classification, scientific hypothesising (Fensham, 1990; Klopfer, 1990;
Skinner, 1992), the empirical testing of ideas (Denny and Chennell, 1986;

Ramsden, 1994), the ability to recognise the role of laboratory experiments
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and observations in the formulation of scientific theories (Gooding et al,

1989), and the ability to organise, communicate and interpret appropriate
data (Kerr, 1964; Klopfer, 1990).

2.3.3 Enhancing students’ learning of scientific skills

The third main group of objectives proposed for practical work relate to the
opportunity for students to develop manipulative (psychomotor) skills
required by science such as the precise use of measuring instruments and
careful assembly of equipment (Kerr 1964; Ivins, 1983; Denny and Chennell,
1986, Bell, 1986; Swain, 1988; Byrne, 1990; Fensham, 1990; Kahn, 1990;
Klopfer, 1990; Clackson and Wright, 1992; Fairbrother, 1993; Parkinson,
1994). Practical work is also claimed to provide students with opportunities
to develop communication skills and learn through group discussion
(Parkinson, 1994).

2.3.4 Enhancing students’ learning of scientific attitudes

The fourth main group of objectives proposed for practical work relate to
attitudinal development. Practical work is said to motivate students by
providing interesting and enjoyable activities (Kerr, 1964; Bell, 1986; Denny
and Chennell, 1986; Hegarty-Hazel, 1990; Kahn, 1990; Parkinson, 1994). It is
said to give students the experience of being "scientists for a day" by being an
integral part of the process of finding facts by investigation and arriving at

principles (Kerr, 1964; Woolnough and Allsop, 1985; Kahn, 1990).

Practical work is deemed to be useful for inculcation of desirable science
attitudes and habits (Osborne et al, 1979; Hegarty-Hazel, 1990; Hodson, 1993b)
such as critical thinking (Jungwirth and Pottenger, 1992), creativity and
curiosity (Bell, 1986) and social co-operation (Denny and Chennell, 1986;
Pugh and Lock, 1989). Practical work may also offer teachers the opportunity
to induct learners into science so that they may share in the 'wonder and
excitement which have made the development of science such a great
human and cultural achievement' (Fensham, 1990, p 300). In addition,
practical work may be included in a school Science programme simply
because many students have indicated that doing practical work is their

favourite part of Science (Bentley and Drobinski, 1995).
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Not all science education writers support the value of practical work as
necessarily helping students to develop scientifically useful attitudes. The
given structure of much school practical work may lead to a lack of
challenge for students rather than being motivating (Hodson, 1990). A
practical work scheme based entirely around "discovery learning" could lead
to a lack of motivation on the part of students, particularly when students
consistently do not discover that which is expected (Stevens, 1978). Too
often students are passively watching a teacher carry out all of an activity
without being cognitively challenged (Penick, 1991). Hodson (1993a)
contended that, when we are considering attitudinal development, we often
make exaggerated claims for the outcomes of practical work. He referred to
the claim that engagement in practical work in school science will inculcate
scientific attitudes and questioned our stereotypical representation of these.
He questioned whether scientists really do manifest detached objectivity and
whether the kind of practical work we do in schools is likely to promote
these attitudes if that is required. He asserted that with so much striving for
correct answers and massaging of data, students are unlikely to adopt a
'value-free and theoretically-unprejudiced objectivity, open-mindedness
and a willingness to suspend judgement' approach in their science studies
(ibid, p 95). Thus it is the quality of work in which the students are engaged

which is of crucial importance in the development of scientific attitudes.

2.3.5 Enhancing students’ achievement of generic educational
objectives

A fifth group of objectives for practical work relates to practical work in
Science being used to promote generic educational objectives which are not
necessarily linked only to learning in Science. Such objectives could be to
promote logical thinking (Parkinson, 1994); to assist students to learn to ask
more appropriate questions (Klopfer, 1990); to enable provision for
individual difference in student ability, both cognitive and motor (Hegarty-
Hazel, 1990) and to compensate for the lack of industrial technology in the
school's locality, particularly in developing countries (Kahn, 1990).
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2.4 Critique of the role of practical work in school Science

In addition to the specific criticisms of the specified goals of practical work
covered so far there are also some more general criticisms of the role of
practical work in school Science. Increasingly, the validity of school Science
practical work with regard to goals such as those given above is being
questioned. Hodson (1990) argued that a lack of distinction between
'learning science', 'doing science' and 'learning about science' has led to a
confusion of expected outcomes for practical science. Failure to make these
distinctions when planning practical work has led to inadequacies of
conventional practical work. Students should be given opportunities for
doing science in such a manner that they begin to appreciate that science is
an "untidy, unpredictable activity" (Hodson, 1995, p 8). Doing science can
lead to enhanced conceptual understanding, procedural knowledge and
investigative expertise but practical work of itself is not sufficient for these
to occur (Hodson, 1995). Similarly, Zoller (1987) also questioned the
assumed coherence between problem solving educational objectives and
conceptual objectives (assumed by the researcher as declarative, since the
distinction is not made), stating that achieving one does not automatically

imply achieving the other.

Other writers, such as Osborne (1993, 1997), have also agreed with Hodson's
(1995) concerns regarding the exaggerated claims made for the role of
practical work in Science. Osborne’s list of problems associated with
practical work included that it was too often seen as a vehicle for
exemplifying and confirming theory and that, frequently, there was a
mismatch between intentions and outcomes. He listed alternative activities
for students which focus on the reserved language of science and scientific

thinking.

Another critique is that the psychological loads placed on students by

laboratory manuals are considered to be too high (Johnstone and Letton,

1990; Byrne, 1990). Considering three different kinds of load placed on

students when they are engaged in practical work - theoretical, experimental

and reporting - Johnstone and Letton felt that such high levels of demand
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on students in these three areas make the attainment of the goals of practical
work difficult to attain. Likewise, Byrne (1990) claimed that an aspect of
school Science practical work which needs to be considered more carefully is
the intensity of information 'noise' associated with much practical

instruction such that students very easily move into information overload.

In summary, Sections 2.3 and 2.4 have considered learning outcomes which
are suggested in support of the inclusion of practical work in school Science
and critiqued these proposals. The objectives included enhanced learning of
declarative concepts; enhanced student meta-understanding of scientific
procedures and cognitive processes; enhanced learning of scientific skills;
enhanced learning of scientific attitudes; and achievement of generic
educational objectives such as logical thinking and learning to ask

questions.

The critiques addressed aspects such as a lack of cognitive challenge in much
carefully structured practical work; lack of motivating power for teacher and
student; the passive nature of much of school Science practical work; the
structured nature of practical exercises at secondary school level; the
questionable notion of transferability of skills; whether skills development
is a means or an end; the difficulty of ascertaining if practical work is an
efficient way of learning science knowledge; exaggerated claims for
outcomes of practical work; the high level of information "noise" associated
with practical work; a lack of distinction between learning science, doing
science and learning about science; the lack of similarity between school
Science and science as it is practised; the philosophy underpinning much
school Science practical work; the complex interaction between concept and
process learning; and the mismatch between student and teacher

expectations.

2.5 The efficacy of practical work in school Science

The value of practical work for achieving its stated outcomes has been the

focus of numerous research studies. Hodson (1993a) analysed many studies

regarding both the efficacy of practical work as a way of learning scientific
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knowledge and the development of laboratory skills. He concluded that,
allowing for the difficulty of interpretation, 'on balance it cannot be argued
that practical work is superior to other methods and, on occasions it seems
to be less successful’ (p 94) as a means of learning scientific knowledge and
that it is only 'with respect to the development of laboratory skills that

practical work has an advantage over other learning methods' (p 94).

Hodson (1993a) also highlighted difficulties involved when carrying out
research into the efficacy of practical work for learning science. There is the
difficulty of assessment and evaluation of learning outcomes of practical
work for individuals, and individuals working within groups. Moreover,
he believed that the tendency for researchers to lump different kinds of
practical work (experiencing phenomena, developing skills and
investigations) together as 'practical work' makes it difficult for informed
conclusions from research findings to be made. He also pointed out the
difficulty of relying on teacher comment given the mismatch between
espoused and actual practice which can occur and also the influence of the
teacher's personal style on learning outcomes. Student factors may also be a
complication given that different students with different learning styles may
respond differently to different styles of laboratory work (Mulopo and

Fowler, 1987). Hodson (1993a) summarised these complications as:

... different kinds of practical activities, presented by teachers with different overall
teaching styles to different students have profoundly different influences on learning
outcomes.

p99

He listed three additional complicating factors. These are teachers'
tendencies to change their style with gender of student, teachers' tendencies
to change curriculum materials and interactive patterns to accommodate
perceived abilities of students, and thirdly, the tendency of a relatively small

proportion of students in the class to monopolise a teacher's time.

Given the difficulties in the interpretation and application of research
findings, Hodson (1993a) asserted that it is important to consider science as a
coherence of learning science, learning about science and doing science such

that the students' experience in science is conceived of as three different
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orientations of the same 'constructivist, reflexive and interactive activity' (p
124). He claimed that it is the:

... very idiosyncrasy and personalisation of scientific investigation (doing science) that
provides students with the stimulus for recognising and understanding the inter-
relatedness of the three activities. First, enhanced conceptual understanding of
whatever is being studied or investigated. Second, enhanced procedural knowledge -
learning more about the relationships between observation, experiment and theory,
provided of course there is adequate time for reflection. Third, enhanced investigative
expertise - which might eventually develop into connoisseurship.

p 125

It can thus be argued that "acquisition of procedural knowledge is neither an
end in itself nor the means of developing conceptual understanding ... but
the means by which real world problems are tackled' (Hodson, 1993a p 126).
Teachers, according to Hodson (1993a) may find Lock's (1990a, 1991)
framework - considering practical work along the dimensions of teacher
student involvement and openness - helpful when moving towards this
ideal. However, Hodson also sounded two notes of caution for those
working within an overall constructivist epistemology. The first regarded
the necessity to avoid the trap of relativism and the second referred to
ensuring that practical activities move students towards currently accepted
knowledge without imparting the feeling that such knowledge is 'out there,
waiting to be discovered' (Hodson, 1993a, p 126).

There has also been a concern regarding communication between teachers
and students in the science laboratory - all is not straightforward, or
seemingly transparent. Tasker and Freyberg (in Osborne and Freyberg, 1985;
Tasker, 1981, 1992) reporting on findings from a study focusing on the
mismatch of students' and teachers' expectations in the practical laboratory,
listed discrepancies in intent, action and in views of the world. They noted
that there are implications here for teachers and warned that teachers
should not view student investigative tasks from their own scientific

perspective.

2.6 Summary
In this chapter I have considered some of the historical influences on the
nature of practical work in science education in New Zealand schools. An

overview and critique of the function of practical work in formal school
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Science education has also been presented. There are problems associated
with promoting practical work as being able to enhance students’
achievement of wide-ranging learning outcomes. When considering
possible learning outcomes, it is important to identify the particular nature
of the practical work that students are engaged in, whether it involves
experiencing phenomena, offers the opportunities to practise skills or
techniques, or whether it is investigative. Investigative practical work is
seen to offer many opportunities to enhance student learning in that is
presented as a means by which students can do science, learn science and

learn about the nature of scientific enterprise.

An integrative investigative strand is an important component of current
New Zealand Science and Biology curriculum documents. In these
curriculum documents there is strong encouragement for investigative
practical work to be a significant part of Science and Biology programmes.
Questions remain however. Is this curriculum emphasis actioned in
schools? What reasons do teachers and students give to support the
inclusion of investigative practical work in school Biology programmes?
What do they value about this approach? What do they find difficult? How
can teachers be supported in this approach? What learning outcomes result
from student involvement in investigative practical work? How can we

enhance the learning of students who are carrying out investigations?

To help find answers to these questions it is important to consider in more
detail the nature of investigating within practical work in science education.
What is it? How is it linked to problem-solving in science education? The

literature addressing these questions will be explored in the next chapter.
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Chapter 3: Investigation in school Science

3.1 Introduction

In the previous chapter the history of the influences on practical work in
New Zealand schools was briefly traced and questions regarding the nature,
role and efficacy of practical work were presented. Investigative approaches
to science education in general and to practical work in particular have been
advocated to address some of the perceived shortcomings of either didactic
approaches coupled with very structured practical activities, or process-skills
approaches. This global trend towards investigative approaches to practical
work in school Science is reflected in New Zealand science curriculum

documents.

In Science in the New Zealand Curriculum (Ministry of Education, 1993b)
there is an expectation that students, as well as being introduced to well-
established scientific knowledge, will also learn about how scientific
knowledge is constructed and in such a way that they gain an understanding
of the status of this knowledge. It is expected that they will develop an
understanding that observation is not theory neutral, that social and peer
group beliefs influence both the management of an investigation and the
interpretation of data, and that scientific theory cannot be derived solely by a
set of inductive rules. Not only are students expected to learn how

investigations may be done but also why they are done.

However, although there is a curriculum driven emphasis on the inclusion
of investigative work in school science programmes, there is a lack of
consensus about what is meant by investigative work (Gott, 1987). This
chapter looks in more detail at the nature of scientific investigation and the
related process of problem solving (Section 3.2). It considers possible
relationships between investigation and problem solving (Section 3.3) and
explores reasons given for the inclusion of investigations in school Science
(Section 3.4). A summary of research directions related to investigative
work in school Science is presented in Section 3.5 and the reasons for the

research directions of this study are outlined in Section 3.6.
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3.2 The nature of investigation and problem solving

Science education writers have provided wide ranging definitions for
investigation. Additionally, this range of given definitions for investigative
work from some writers is compounded by an absence of clear definitions
on the part of other writers. Many writers define the term ‘investigation’ as
it relates to problem solving, and vice versa, and they frequently use the
same, or similar, process diagrams for each (Johnsey, 1986; Murphy, 1988).
The relationship of investigation with problem solving will be addressed in
section 3.3 of this chapter. First though it is important to consider the range

of activities encompassed by ‘investigation’ and ‘problem solving’.

3.2.1 Investigation

An investigation has been defined as a situation in which a scientific
problem is set (Woolnough, 1991). In this framework, pupils are expected to
plan their course of action, carry out an appropriate experiment (in the
general sense of the term), record and interpret the data and communicate
the results. On the other hand, Gott and Murphy (1987) indicated that they
viewed a practical investigation as one type of problem and described a
problem as a task for which the student has to do more than recall a well
tried solution to be successful. By 1995 Gott, with Duggan, was defining
investigation more specifically as 'a task for which a pupil cannot
immediately see an answer or recall a routine method for finding it' (p 14).
They also defined problem solving as 'any activity that requires pupils to
apply their understanding in a new situation’ and stated that ‘investigations
are one type of problem solving' (p 14). A similar definition was provided
by Gil-Perez and Martinez-Torregrosa (1983). Although concerned primarily
with the 'end-of-chapter' pen and paper problem solving tasks rather than
practical work they perceived problem solving to be an investigative process
and they defined an investigation as 'something for which there does not

exist an obvious solution at the beginning' (p 447).

A broader, more encompassing definition for scientific investigation was
presented by Duveen et al in 1993. They defined scientific investigation as:
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an enterprise which searches for explanations about why phenomena happen in the

way they do, using previous knowledge, new observations, imaginative analogies and
carefully designed experiments.

Duveen et al, p 19

Writing and presenting materials for teachers, Twiss (1994) extended the
definition to include decision making. He saw investigation as a process of
testing existing beliefs about cause and effect relationships or as a means of
exploring further one's relatively firm ideas about an existing relationship.
He emphasised that this did not imply learning by discovery, nor did he
perceive investigation to be a mainly practical activity. He listed the
understanding required for successful completion of investigations as
procedural, conceptual and contextual. Students were therefore expected to
have an understanding of the procedures that were required, to have
knowledge of the declarative concepts inherent in the investigation and to
understand the context in which the investigation was set. Decision making
in science has also been linked with investigating in the work of the OPENS
project (Jones, Simon, Black, Fairbrother and Watson, 1992) which defined
an investigation as an activity where students ‘use their existing knowledge

and ideas to devise a suitable exploratory procedure’ (ibid p 7).

The notion of research is incorporated in some definitions of investigation.
Woolnough (1994), for example, used the term 'student research activities'
to cover a range of investigative activities in science. The key factor in these
student research activities was that they should be focused on a problem of
genuine concern to the students and that the students should take personal

responsibility for the progress and outcome of the project.

For other writers there was a focus on the process in which students are
engaged rather than on the problem area. Parkinson (1994), for example,
defined investigation as one where students will be 'finding things out by
enquiry’. They will be experimenting and searching for information in

other ways. For him such work was characterised as investigative because it:

gives pupils the opportunity to test their own understanding of scientific phenomena;
encourages pupils to make statements that they can test; allows pupils to plan their
own investigation; presents pupils with the opportunity for discussing their ideas with
other pupils; encourages pupils to think in a scientific way, considering the variables
and carry out a fair test; makes pupils think about the type of apparatus and measuring
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equipmept they will need; allows pupils to make decisions on what observations to
make; gives pupils the opportunity to decide on the most appropriate way of recording

their results; places pupils in a position where they have to interpret their own results
and can initiate further discussion and /or further investigative work.

Parkinson, 1994, p 15

Other definitions of investigation focus on what the students will be doing.
Investigating may mean students being engaged in 'hands on' conducting of
experiments, or gathering information from a wide range of resources using
a variety of information technologies or, more likely, an integration of

these, for example:

Carrying out an investigation in science involves an interaction of many complex skills.
These include focusing, planning, information gathering, processing, interpreting, and
reporting. Students may be investigating by carrying out a practical investigation of
the 'real world’, by carrying out an investigation of appropriate reference material, or
by integrating these approaches.
Ministry of Education, 1993b, p 43

Some writers define investigations obliquely by focusing on the
opportunities which first hand investigations give students to use both
creative and critical thought, 'together with practical and observational skills
to solve a problem or find and answer to a question' (Wenham, 1993, p 231).
Another example of this indirect defining is given by Driver (1981) who,
. when reviewing the case for 'the pupil as a scientist', claimed that providing
opportunities for pupils to undertake their own investigations is 'not in
order to establish an important principle, but to gain some experience of

planning an experiment using their own initiative' (p 81).

For the purpose of this research, I have defined an investigation as practical
work which requires students to use previous knowledge and new
observations as they carry out carefully designed experiments to find
answers to a specific problem or a set of problems. This definition
emphasises the personal involvement of the students in the investigative
work. In order to design and carry out experiments to find answers to
specific problems the students will be required to construct links between
their prior understandings of declarative and procedural concepts and their
new observations. The definition is thus consistent with a generative

learning model as proposed by Osborne and Wittrock (1985). Problem
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solving, which is frequently linked with investigating in the literature will

now be considered.

3.2.2 Problem solving
In the next part of this section the range of activities included in problem
solving will be defined and the nature of its links with investigation will be

considered in Section 3.3.

Problem solving as an educational activity is not new. It has been the
concern of science educators for more than 85 years. In 1910 John Dewey
(Dewey, 1910/1995) was saying that problem solving, through reflective
thinking - the method of science, as he defined it - should be both the
method and valued outcome of science instruction in America's schools.
Fifty years later Gagne (1965) perceived problem solving as a process by
which the learner discovers a combination of previously learned rules
which can be applied to a achieve a solution for a novel problem situation.
By the late eighties Heaney and Watts claimed (1988, p 1) that 'engaging
youngsters in solving useful and relevant problems in science is clearly an
important part of science education [because it is common in science

curricula].'

It has been argued that we all engage in problem solving every day of our
life. Proponents of this view claim that we constantly gather information
about a situation, evaluate the usefulness of this information and then
make decisions based on this information. This ability to solve problems is
deemed to be very important, as is the ability of students to transfer this
problem solving ability to situations outside of the classroom. The
importance of this activity is often emphasised in educational policy
statements, such as New Zealand’s curriculum framework document which
indicated that a school curriculum should provide learning opportunities
for all students to apply learned ways of investigating, describing and
understanding to solve problems beyond the context of the classroom
(Ministry of Education, 1993a).
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This comment from the National Curriculum Framework implies both a
generalisable problem solving ability and the transfer of this ability from the
school classroom into wider world experiences. The search for this
generalised non subject-specific, problem solving approach has occupied
many science education authors, for example Instone (1988), who have tried
to identify stages in the problem solving process which could apply to all
problems. However, others have expressed concerns regarding the notion of
a generalised problem solving process and transferability of such generalised
skills, proposing instead that much problem solving capability is
situationally embedded. That is, the problem is so closely linked to the
context in which it is framed that it is impossible to solve it without
addressing the framing context (Hennessy, 1993). Another problematic
aspect is highlighted by Brown et al (1989) who argue that what is learned as
part of the school culture and classroom procedures 'thereafter remains

hermetically sealed within the self-confirming culture of the school' (p 34).

There is also a complexity of meanings for the term 'problem solving' with
a wide ranging use of the term to cover aspects of learning such as the
. solution of problems in end of chapter revision sessions presented for the
purpose of exercising mental skills, to simple 'egg race' situations, and
contextual applications demanding high intellectual performance. It is
therefore important to seek to understand the features of problem solving
and unpack the reasons for the inclusion of problem solving strategies and

approaches in school science.

Another difficulty for reviewers of the literature on problem solving is that
a definition of problem solving is often not precisely stated in many of the
papers which address this strategy, thus making it unclear which concept of
problem solving the writers are following. However, the working concept
of problem-solving that the writers were operating within can often be
deduced both from classification systems which they use and from their

stated claims as to its value.



Most writers would appear to agree with Ross and Maynes (1983) who
developed a definition of problem-solving which focused on novelty of

encounter and paucity of instruction. They defined problem solving as:

a situation in which an individual is called upon to perform a task not previously

encountered and for which externally provided instructions do not specify completely
the mode of solution.

ibid, p 155

Alternatively the focus may be on the complexity of the route required to

reach solution, such as:

when (s)he has a goal which cannot be achieved directly.
Watts and West, 1992, p 58

Zoller (1987) likewise emphasised the complexity of the route to solution,
claiming that it is this complexity which helps differentiate between a
problem and an exercise. If problem solving is 'what you do when you
don't know what to do’, then, if one knows what to do when one reads a

question it isn't a problem but an exercise.

For some writers the concept is often interpreted in a restricted sense as the
carrying out of 'end-of-chapter' exercises requiring the application of
mechanical, algorithmic procedures in order to arrive at one correct answer
(Reif and Heller, 1982; Gil-Perez and Martinez-Torregrosa, 1983; Gorodetsky,
Hoz and Vinner, 1986; Hadfield, 1987). For others, there is a clear link
between a complex process of problem solving, active learning and higher
order cognition (Bellamy, 1983; Bentley and Watts, 1989; Tennyson, 1989;
Abell, 1990; Jungwirth and Pottenger, 1992). Thus there is a complexity of
tasks and activities that are classified under the collective label of problem
solving with varying factors relating to problem situations, and the

intentions and technical skills of the problem solvers involved, for example:

Problem-solving can be regarded as an element of thinking but is probably more properly
considered as a complex learning activity that involves thinking. Problem-solving is
the last act in a series of cognitive procedures, and included in this chain of events is a
process of at least equal importance, namely problem-recognition. The whole range of
activities from recognition to solution is often called problem-solving.

Garrett, 1987, p 133

In addition, Garrett (1987) suggests calling the whole process problem-

encountering rather than problem solving as this de-emphasises the final
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solution and recognises the complexity and importance of the procedure.
The nature of the problem and the process of problem solving have both
been used as attributes for definition purposes (see Figure 3.1 for a summary
of the continua of these defining systems). A number of these classifications
systems employed by science philosophers and educators to define problem
solving will be described under the headings below. These include
empirical v. conceptual; puzzles v. problems; authenticity; structure;
ownership; degrees of openness; purpose of engagement; demand on

student; and process descriptions.

Empirical v. conceptual

The first classification system is that of empirical versus conceptual. Laudan
(1977), theorising that science fundamentally aims at the solution of
problems, defined two types of problems. These are empirical and
conceptual problems. Empirical problems are first order problems where
scientists are looking for explanations in a particular context and where
solved problems count in favour of a theory. Conceptual problems however
are characterised by inconsistencies in the theory, either internally where the
theory may be vague or unclear or logically inconsistent, or externally if the

theory is in conflict with another theory considered rationally sound.

Form of problem situation: puzzles v. problems

A second classification system is that of puzzles versus problems. For
Garrett and Sanchez-Jiminez (1992) the concept of problem was itself 'very
catholic, embracing what might be termed closed, fixed answer puzzles to
open-ended situations in which no final answer can be guaranteed' (p 271 -
272). Garrett (1986, 1987) (also Baker and Baker, 1986 and Tinnesand and
Chan, 1987) described two forms of problem situations: puzzles and
problems. Puzzles were defined as activities where a successful completion
is possible, the means by which the successful completion can be reached is
known and the answer is usually recognised as correct by the solver (Garrett,
1987).
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Figure 3.1: Summary of continua of terms and phrases used in the literature
to classify problems and the problem solving process.
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Problems on the other hand were activities where the means to the solution
is not quickly identified, there may be more than one solution and the
answer may not be necessarily 'correct' but rather simply 'acceptable’ by
most people involved. Thus the degree of difficulty, the route to the
solution and the complexity of the solution are attributes which contribute
to the definition of '‘problem’. Situations may be deemed to be puzzles or
problems by the problem encounterer, depending upon factors such as
context, and prior knowledge and age of the encounterer. Garrett (1987)
proposed that both puzzle and problem-solving activities are important to
provide in school Science but that too little attention is paid to real problem
solving ‘with the result that the specific skills required are not practised’ (p
125). Garrett quoted Ziman (1981) to demonstrate a possible relationship
between puzzle and problem - 'as puzzle after puzzle is solved, within some
orthodox framework of theory and method, we begin to perceive new
problems - questions that can be easily formulated but which have no
obvious answer' (Garrett, 1987, p 132). It must not, therefore be assumed

that:

.. all puzzles are necessarily of a lower order of intellectual activity than problems.
However, if all science teaching revolves around puzzles and no genuine problems are
ever attempted, then the attributes and skills required to solve even puzzles may go
into decline. The originality of problem solvers and the utility of puzzlers are both
attributes to be nurtured.

Garrett, 1987, p 132

Authenticity

Another classification system used to define problem-solving includes the
notion of authenticity. Here contextually authentic problems are compared
with problems which have been created or invented for the purpose of
solving them. Heaney and Watts (1988) claimed that we must be careful to
acknowledge that puzzles such as those of an ‘egg race' type are not
problems existing out of real need but simply designed for competition.
According to them, genuine problem solving is a technological procedure as
it arises out of the need to either explain a phenomenon or to satisfy a need

to produce an artefact, a more efficient technique or procedure.
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Dunlap & Grabinger (1994) suggested that students will be more able to
transfer their skills to new situations and will be able to 'attack’ problems
constructively if they have been in a classroom that encourages problem
solving in realistic, authentic situations where they are actively involved in
seeking meaning during the process. Science education researchers working
at BioQUEST (1989) have also emphasised the value of authenticity of
problem situation as do Reif and Heller (1982), Lave (1988), Bransford and
Vye (1989), and Preston (1990). The BioQUEST (1989) team used the terms

'realistic’ and 'unrealistic’ when they were defining problem solving:

We call problem solving in science education 'realistic’ when it captures the open-ended
aspect of science as it is practiced: problems must be both posed and solved by the
problem-solver. In practice most general biology courses are taught with 'unrealistic’
problems that; come pre-posed; have unique answers arrived at unambiguously; and are
checked for correctness by an authority.
ibid, p 3
This distinction between 'real'’ and ‘'unreal' problems was similarly
addressed by Gil-Perez and Martinez-Torregrosa (1983) and Garrett, Satterly,
Gil-Perez and Martinez-Torregrosa (1990). For them, 'real’, or 'authentic'
problems often necessitate a much more qualitative approach which
requires students to articulate the underpinning conceptual understandings

rather than using rote, algorithmic approaches when solving the problem.

Structure

A fourth classification system focuses on the structure of the problem. The
terms 'ill-structured' as compared to 'well structured' have also been used to
define problems (Kuhn and Angelev, 1976; Gallagher, Stepian and
Rosenthal, 1992; Main and Rowe, 1993). 'lll structured' problems have the
following characteristics: more information than that initially given is
needed to understand the problem; the problem-definition changes as new
information is added to the situation; many perspectives can be used to
interpret information and there are no absolutely right answers. They.
maintained that many of the problems with which school students are faced
are "well structured' problems which do not require problem-finding and
require different skills to solve them. Ill-structured problems, on the other

hand, require:
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a reiterative process of problem definition and redefinition, the generation of several

problem solving approaches and the analysis of many equally viable solutions.
Gallagher et al, 1992,p 195

Ownership

Ownership of the problem is another system of classification of problem
solving. Writers have suggested a distinction between 'given' problems
where the solver is given both goal and solving strategies; 'goal' problems
where the solver is given the goal but has to provide strategies and 'own'’
problems where the solver decides both goal and strategies (Bentley and
Watts, 1989; Watts and West, 1992).

Degrees of openness

Problem solving activities can also be characterised by their degree of
openness. British science educators frequently use the terms ‘open' and
'closed' when referring to problem solving situations (Bentley and Watts,
1989; Garrett, 1989b; Gayford, 1989; Lock, 1989, 1990a, 1990b, 1991; Simon et al,
1992). This classification has also been adopted by New Zealand writers of
documents such as Investigating in Science (Ministry of Education, 1995, p15
- 16). Simon et al (1992) defined three possible continua of openness. These
are associated with defining the 'problem’; choosing a method for solution
and arriving at solutions. If students have the opportunity to select and
define the 'problem’ (that is, the problem is their 'own' rather than 'given'
to them); free choice with regard to the method of probing the problem; and
there may be more than one acceptable solution then that problem solving
situation is deemed to be 'open’. The removal of freedom from any one of
the continua results in a more closed situation, with a given teacher
problem, a set procedure and only one possible solution representing a
'closed' problem solving situation. The term 'curriculum dedicated' has
also been used to indicate problems that are at points between the extremes
of the open-closed continuum (Bentley and Watts, 1989). Such curriculum
dedicated problems are embedded in usual classroom/text activities and are

more closely connected with traditional disciplines.

Watts (1994) stating a close link between science and technology education,

called his mixture of problem solving and technology 'open-ended task-
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oriented problem solving’, claiming that participation in such activities
enables students to (i) appreciate that science can be a passport to
employment, (ii) actively participate in democratic decision making, and (iii)
understand physical phenomena in everyday life. Watts (ibid) proposed
such an approach believing that scientific knowledge should be useful and
lead to practical action - which he referred to as 'cognition in practice' and
the construction of 'situated knowledge', terms used before Watts by Brown
et al (1989) and Hennessy, et al (1993). Open work as Watts defined it
required the learners to use a planned approach to tackle a new problem
based on their prior knowledge and learning to produce a discernible

outcome:

It becomes their responsibility to delineate the problem, decide on what an
appropriate solution might be, derive and test possible solutions and choose the point
at which they think the problem has been solved.

Watts, 1994, p 42

Purpose for engagement

A further classification system used to define problem solving is that
employed by Howlett (1988) who divided problem solving into two distinct
categories - ‘problem testing” and ‘problem learning’. The first is '‘problem
testing' where pupils learn skills and concepts in lessons and are then asked
to solve a problem as a means of evaluating the topic or assessing the level
of skills/concepts learnt. The second is ‘problem learning’ where pupils
encounter a problem, for which they have no earlier experience in school,
that is constructed to draw them into research and experimentation along
required curriculum lines. In finding a solution to the problem they will of
necessity encounter and acquire the desired skills and concepts. Howlett
claimed that his second category can be likened to open-ended problem

solving.

Demands on student

Problem solving situations can also be classified according to the demands
they place on a student - a system used by Ross and Maynes (1983). These
science educators identified four problem types which frequently occur in
science curriculum, which have real life applications, and which students

have difficulty mastering. These are decision-making problems in which a
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student must select the best course of action in a complex situation;
correlational problems in which a student tries to find an association
between two or more variables in circumstances in which the values of the
variables cannot be physically manipulated; experimental problems in
which a student seeks to establish a causal relationship between two or more
variables by physically manipulating the wvariables; and fourthly,
comparative problems where a student establishes similarities and

differences between two or more entities.

Defining through a description of process

The final classification approach to be discussed in detail defines problem
solving through a description of process, often in a diagrammatic form. An
incentive to define a model for the problem solving process lies first in
attempts to simplify the process for novices. The simplest representation of
the process of problem solving is characterised by a statement from
Middleton (1991) who claimed that 'problem solving involves a series of
steps which allow a person to come to a solution and make a decision' (p 45).
Gayford (1989) also outlined a simplified step like process for problem

solving in order to help students to learn to better solve a problem.

However the tendency for some science educators to attempt to simplify
what is a complex process sufficiently for it to be understood by novice
problem solvers is of concern to other writers. Their concerns are differently
based. Firstly, some of those concerned question the portrayal of problem
solving as a simplified model because such a simple process model may

deny any content or context for the problem solving:

Many teachers and educators believe that problem solving can be characterised as an
idealised process independent of content and involving the sub processes of 'recognising
a problem’, 'generating and implementing a solution’ and 'evaluating the results'.
Hennessy et al, 1993 p 73

Hennessey et al (1993) claimed that such idealised problem solving
approaches derive from models of how expert practitioners operate and
were concerned by this focus. They noted the many different models, and

cautioned by asking who is interpreting and developing the models, and if it
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is appropriate for school students to use models derived from watching

experts solve problems.

Secondly, there is concern about the variously different ways in which the
different models are presented (Hennessy et al, 1993). These may be linear or
circular sequences, interacting sub processes, or a generalised process of
exploring and defining problem and solution together. It has also been
noted that there is disagreement about the degree of iteration (ibid).
However, generally the process is regarded as complex and difficult to

represent as a model especially if it is to be simple enough for teaching to

school children.

Some writers have questioned the assumed existence of universal cognitive
skills of problem solving and thinking, maintaining that there are
limitations of transfer and that the situated nature of cognition should be
recognised (Hennessey et al , 1993). Referring to Lave (1988), Hennessey et al
said:
According to Lave (1988) attempts to represent authentic problem solving activity and
dilemma resolution as a systematic sequence of recognising a problem, representing it,
implementing a resolution and evaluating the results, ignores the multitude of ways of
tackling a problem and the fact that some activities take place simultaneously or

structure each other differently on different occasions.
Hennessy et al, 1993, p 83

Since research on problem solving in knowledge-rich fields has shown that
subject matter knowledge and reasoning processes are intimately connected,
Hennessy et al (1993) believed that there is useful debate regarding the use of
the term "situated cognition" and the application of scientific knowledge

with regard to problem solving:

[This] converges on the conclusion that the thinking of experts and lay people alike is
goal directed, intricately interwoven with the specific problem-solving context and
sensibly adjusted to meet the situation's changing demands.
ibid, p 75
Others who criticised the presentation of problem solving as an idealised
and generalised process which can be represented by a model were Gil-Perez
and Martinez-Torregrosa (1983) but they criticised this presentation from an

epistemological viewpoint. They claimed that extreme positivism
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'underlies the proposal that there are recognisable stages which form part of

the strategy for solving a given problem' (ibid, p 448).

The incentive to define a model for the process of problem solving also
appears within the context of assessment. Heaney and Watts (1988), for
example, defined problem solving by explaining the process in the stages
outlined by the Assessment of Performance Unit (1984) and then referred to
the diagram presented by Gott and Murphy in APU material in 1987 - see
Figure 3.2.

la PROBLEM- generation L SOLUTION I
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FURTHER

REFORMULATION VI EVALUATION
OF RESULTS
1b REFORMULATION in terms of
- into form open to reformulation
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- deciding what to techniques etc
measure *
' // V INTERPRETING
T PLANNING DATA &
AN EXPERIMENT DRAWING
- setting up CONCLUSIONS
conditions 4
IV RECORDING
DATA
III CARRYING OUT - tables
EXPERIMENT - graphs

- using apparatus
- making measurements _’_/
- making observations

Figure 3.2 The Problem Solving Process (Gott and Murphy, 1987)

This same diagram has been utilised by other British science education
researchers and writers (Henderson and Lally, 1988; Skinner, 1992;
Parkinson, 1994) as they focussed on the feedback/iterative nature of the
holistic process and emphasised the crucial nature of the evaluative phase.
Non-British writers have also developed diagrams to help them define

problem solving (Zoller, 1987; Simmons, 1988). The adoption of schema
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developed for assessment purposes as curriculum goals is problematic since

aspects of investigating which are significant, yet not readily assessed, may be

overlooked.

Other terminology

There have been many other classification systems used to define problem
solving. In some instances the adjectives used in relation to problem
solving give an indication of an author’s concept of problem solving even if
there is no direct attempt at defining the concept. Garrett (1987) cited Dewey
(1910/1995) as considering degree of difficulty as an important attribute of a
problem; Thorndike (1903) who was concerned with route to the solution -
was it 'obvious’ or not; Marx (1958) who described 'determinate’ (fixed
solution problems) and 'indeterminate’ (different solution problems); and
Lindsay and Norman (1977) who used the terms 'well defined' and 'ill
defined'. Other authors have used terms such as 'formal' or 'informal'
(Bentley and Watts, 1989); 'everyday/local' and 'global' (Hennessy, 1993);
'general’ or 'specific' (Glaser, 1984); 'co-operative' (Lapp, Flood and Thrope,
1989); and ‘prediction’ (Lavoie, 1989).

Figure 3.1 (page 47) summarised the terms used by science education writers
when they refer to the nature of problems and the problem solving process.
Representations of both the problem solving process and means of defining
the nature of the problem were included in the diagram. It demonstrated
the complexity of the notion of problem solving and the range of activity
which is lumped together under the collective title of problem solving. It is
therefore clear that the generic label ‘problem solving’ has insufficient
clearly defined, and commonly held, meaning to make comparisons and

applications of research findings and writings directed at teachers easy.

For the purposes of this study a working definition of problem solving
included the notions of problem encountering, problem recognition,
problem solution and authenticity. Problems are activities where the means
to the solution is not easily identified. There may be more than one

solution and the answer may not be necessarily 'correct' but rather simply
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'acceptable’ by most people involved. The process of problem solving does
do not necessarily involve traditional ‘wet’ practical work at a laboratory
bench.

In addition to the many ways of classifying and defining problems and
problem solving, the relationship between investigation and problem
solving is also complex and frequently not obvious in science education
literature. The nature of this relationship will be explored in the next

section of this chapter.

3.3 Developing a model of the relationship between
problem solving and investigation

Problem solving is often linked with one particular aspect of science
classroom work - that of carrying out investigations. Problem solving and
investigation are thus linked closely by science educators but the nature and
overlap of their relationship is variously defined, in that they may be

considered to be equivalent or subsets of each other.

Given the lack of direct definition from many writers, the confusion of
generic and specific usage of the terms problem solving and investigating,
and the universal nature of problem solving classification of these activities
is difficult. There appears to be support for one (or more) of the three

relationship models shown in Figure 3.3.

00 ®

Model A Model B Model C

Figure 3.3: Models of the possible relationship between problem solving and
investigation (PS = problem solving, I = investigation).
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The three diagrams in Figure 3.3 represent possible models of a relationship
between problem solving and investigating. In Model A problem solving is
equivalent to investigating. This is the model which appears to be
supported by Kuhn and Angelev (1976); Bentley and Watts (1989); Abell
(1990); Gil-Perez and Martinez-Torregrosa (1983) and Woolnough (1994). In
Model B investigating is a sub-set of the process of problem solving. This
model appears to be supported by Bellamy (1983); Garrett (1986); Gott and
Murphy (1987); Heaney and Watts (1988); Murphy (1988); Gallagher et al
(1992); Wenham (1993); Parkinson (1994) and Gott and Duggan (1995). In
Model C problem solving is a sub-set of the process of investigating. The
relationship described in Model C appears to be supported by Ivins (1983);
Keeves (1986); BioQUEST writers (1989); Gayford (1989); Lock (1990);
Woolnough (1991) and Watts and West (1992).

The confusion which exists regarding the relationship between problem
solving and investigating, such that different reports from one writer
(Watts) suggest support for all three of the models given above, may be
better resolved with the development of another model (D) as shown in
Figure 3.4. This model has been developed by the researcher after reflection

on the literature.

@

Model D

Figure 3.4: A further model of the relationship between problem solving
and investigating

In Model D problem solving and investigating are portrayed as a closely
linked spiral of sub-setting activities. Here, carrying out an investigation

may be one of a number of alternative or complementary ways of solving a
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problem and whilst carrying out this investigation the investigator may

have to solve a problem and so on ...

The relationship between problem solving and investigation is thus
complex and difficult to define. The two processes inter-relate at a number
of different levels. This complex inter-relationship, and the positioning of
problem-solving and investigation with respect to practical work will be

further developed to produce a model which will be used during this thesis.

3.3.1 The model for the relationship between practical work,
problem solving and investigation used in this thesis

In order to develop the model of the relationship between practical work,
problem solving and investigation used in this thesis it is necessary to
define the domain of practical work. For the purposes of this thesis, practical
work is defined widely as any activity which provides students with the
opportunity to have direct personal experience of the subject being studied
and which requires both cognitive and psychomotor participation of
students. It is the broadest and more inclusive of the three terms (practical
work, problem solving and investigation). If practical work does not
necessarily mean laboratory bench 'wet work' then any learning activity
which is structured to actively engage students may be considered to be
practical work. If this is so then problem solving may be seen to be a subset
of practical work. This is in contrast to the situation which would apply if
practical work was defined more narrowly as laboratory bench 'wet work'.

Then, practical work would be considered to be a subset of problem solving.

A development of Model D (Figure 3.4) describes the model of the
relationship between practical work, problem solving and investigation
which will be used in this thesis (Model E, Figure 3.5). This model portrays
investigation as tightly interwoven with problem solving and practical
work. Practical work is defined widely and inclusively. Problems may have
a large canvas or be of decreasing dimension as students refine or focus the

current investigation.
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Figure 3.5: Model E: The proposed relationship between investigating,
problem solving and practical work.

A general problem area which students might encounter could be that of
raising healthy tank fish in the school laboratory. An investigation may
help the students to solve a specific problem associated with the
maintenance of a fish tank, for example students may wish to solve the
problem of a fish tank where the water turns green very quickly after it has
been cleaned. If the students propose a link between time for the water to
turn green and the amount of fish food introduced into the tank, they could
design and carry out an investigation to test this hypothesis. In turn,
problem solving may be part of the investigation, for example students may
need to solve a problem regarding the development of specialised
equipment, or a particular chemical test, to help them complete the
investigation. The students would have been engaged in investigative

problem solving practical work.
The interwoven complexity of possible relationships between practical work,

problem solving and investigation serves to underline the centrality of

these activities in school Science programmes. Science education writers
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have long argued for the inclusion of investigative problem solving

practical work in school Science. Some of these arguments are listed below.

3.4 Arguments for the inclusion of investigative problem
solving in science education

Why is an investigative problem solving approach to school Science so
strongly presented in school Science curricula? Arguments for the inclusion
of investigative problem solving approaches can be found in the literature.
These arguments can be classified as from educational, scientific, vocational,
social and social action, ideological and epistemological perspectives. These
aims of science education are often supposition or rhetorical since the claims
are not always able to be supported by research data. The arguments given

by each of the perspectives will be considered in turn.

3.4.1 General educational arguments

Many researchers (Gagne, 1977; Ivins, 1983; Peterson and Jungck, 1988; Slack
and Stewart, 1989; Garrett et al, 1990; Preston, 1990; Simon et al, 1992; Main
and Rowe, 1993) claim positive and long-lasting general educational
outcomes for students engaged in investigative problem solving. These
general educational outcomes are greater mental dexterity and an increase in

the ease by which subsequent problems are tackled, for example:

What emerges from problem-solving is higher order rule, which becomes part of the
individual's repertory. The same class of situation, when encountered again, may be
responded to with greater facility by means of recall, and is no longer looked on as a
‘problem’. . Problem solving then, must definitely be considered a form of learning.
Gagne, 1977, p 157

Problem solving is asserted to be an effective method of learning with its
efficacy based on assumptions about learning during problem solving such
as the involvement of students in the selection and formulation of relevant,
motivating problems where students can be challenged to find things out for
themselves (Bentley and Watts, 1989). The resultant motivation is claimed
to enhance learning (Heaney and Watts, 1988; Garrett, 1989b). Other writers
(Garrett and Sanchez-Jiminez, 1992; Wilson, 1995) have emphasised the
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metacognitive value of problem solving with students being encouraged to

consciously evaluate their progress and solutions.

Frequently, problem solving occurs in small group situations and the
academic achievement of students encountering problems in such
situations has been studied. Ross and Maynes (1983) considered the links
between student communication and achievement in problem-solving
settings where the frequency of communication was increased by the
establishment of small groups. Whilst students in tightly structured groups
did not achieve as highly as students working more freely, they noted that
students who encountered problems in small groups achieved better

learning than students working as individuals.

3.4.2 Scientific arguments

A second argument for the inclusion of investigative problem solving is
that this is seen as an important process that scientists engage in and
students should therefore experience it if they are to attain a scientific
perspective (Stewart, 1988; BioQUEST, 1989; Garrett, 1989b; Garrett et al, 1990;
Garrett and Sanchez-Jiminez, 1992; Watts and West, 1992). The BioQUEST
writers claimed that problem-solving was one of three essential ‘P’s of
scientific practice - problem-posing, problem solving and peer persuasion
(BioQUEST notes, February 1989). Such writers support the proposition that
science education should imitate science, an argument debated in the
previous chapter. Henderson and Lally (1988) endorsed the move away
from wholly fact-oriented teaching towards an approach which recognised
the educational value of scientific processes as did Flannery (1991, 1993) and

Preston (1990), for example:

It is one thing for a student to read about such problem probing and quite another to
actually experience it, to feel the frustration and helplessness of error and the elation
of shedding light on a problem.
Flannery in BioQUEST, 1993 p 4

It may be claimed that what can be remembered the longest from an
introductory course in biology is an understanding of, and some practice

with, the way biologists pursue their craft, for example:
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Our courses must help students understand how biologists: perceive the world; pose

questions; pursue the problems from these questions; and, ultimately, persuade others of
the value of their solutions.

Peterson and Jungck, 1988, p 14

A second scientific argument is that investigative problem solving is seen as
an appropriate vehicle for the learning of the declarative knowledge of
science (Garrett and Roberts 1982; Reif, 1986; Stewart, 1988; BioQUEST, 1989),

for example:

...we feel that domain specific problem-solving can be a powerful vehicle for teaching
the content of the domain along with its working principles.
BioQUEST Notes, 1989, p 1

For some writers there was no perceived dichotomy between teaching
science content and the nature of science (Peterson and Jungck, 1988).
Instead, these were perceived to be mutually supportive activities with
investigation or problem solving being a useful vehicle for studying deep
content issues. 'A good knowledge of biology involves experiencing first-

hand the production and application of scientific knowledge' (ibid, p 15).

A third scientific argument for the introduction of investigative problem
solving is that it is seen as an excellent means of introducing students to the
nature and politics of science (Peterson and Jungck, 1988; Stewart, 1988).

Stewart contended that:

... certain problem types may help students to understand that

1. Science is a body of assumptions (theories) that determines what is or is not going to
be considered a problem.

2. Science process skills, even those as basic as observation are not independent of
theoretical presuppositions.

3. Inquiry is driven by a theoretical view that influences what data is generated and
how it is to be interpreted.

Stewart, 1988, p 242

It may be that we should not just give students a philosophically
restructured view of the history of science but that we should instead let
students know how instants of history have influenced scientific discovery
(Jungck, 1985). It is argued that personal involvement in problem solving by
students opens opportunities for teachers to address these issues. If students
are taught only a normatively defined scientific method then we lose our

opportunities to generate in them the imagination and insight required for
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scientific revolutions. Problem solving according to Jungck (ibid) also

enables students to understand more about the nature of evidence:

Research doesn't indicate, experiments don't suggest, evidence doesn't show, and data
does not imply. These anthropomorphisms hide their author's intentions and
prejudices. A problem posing approach which makes the inferences in a direct manner
where the authors are explicit about their role in drawing these inferences seems a more

honest approach to communicating science to students and involving students in science.
Jungck, 1985, p 266

These arguments for the inclusion of investigative problem solving in
science education are grand claims even for the education of senior
secondary science students. Many of the critiques of proposed aims of
practical work in science education that were addressed in Chapter 2 are
pertinent here also. Research writings which challenge the value of such
activity for conceptual development or increased understanding of scientific
endeavour can be found in Woolnough and Allsop (1985), Hodson (1993b)
and Osborne (1993).

3.4.3 Vocational or 'real life' arguments

A third argument for the inclusion of investigative problem solving in
school science programmes is the assertion that problem solving is a process
that people will use at work or in their everyday life outside of schooling.
Thus students should learn to apply the processes of science (perceived to
encompass investigation/problem solving) to familiar and novel situations
(Dewey, 1910/1995; Ross and Maynes, 1983; Garrett, 1986; Zoller, 1987; Garrett
and Sanchez-Jiminez, 1992; Watts and West, 1992; West, 1992; Watts, 1994),

for example:

...that the great majority of those who leave school should have some idea of the kind
of evidence required to substantiate given types of belief does not seem unreasonable.
Dewey, 1910/1995, p 396-7

It has also been argued that we need the capacity of both asking questions
and seeking information relevant to a given problem, as well as the ability
to use ideas and strategies properly and creatively when we solve real

problems within real world contexts (Zoller, 1987).

However, the work of researchers in the realm of 'situated cognition’, such

as Hennessy (1993), Hennessy et al, (1993) and Lave (1988) have drawn our
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attention to the context specificity of problem solving skills. They maintain
that the notion of generalisability of problem solving skills is invalid since
the thinking of experts and lay people alike is goal directed and intricately
interwoven with the specific problem-solving context. They therefore
emphasised the necessity for the development and use of problem solving
knowledge and skills in specific contexts. Layton (1991), also notes that
'formal scientific knowledge needs to be reconstructed, integrated and

contextualised for practical action in everyday life' (p 78).

3.4.5 Social and social action arguments

Investigative problem solving is also perceived to be an excellent way to
introduce and develop group co-operative and communication skills
(Henderson and Lally, 1988; Ross and Raphael, 1990) and is worth including
in school Science programmes for this reason. Through problem solving
students can also be given the opportunity to be creative and innovative
(Bellamy, 1983, Garrett, 1987, 1989a, 1989b). Since problem solving is highly
participatory, students gain confidence and learn to recognise what they can
do rather than what they cannot. However, whether working in group
situations enhances student learning may depend upon their
communicative and social interactive skills. This is an aspect of student

learning which may need to be actively addressed by their teacher.

The move to place problems in real life situations and thus to include social,
economic and environmental issues within science studies is also
acknowledged and valued by some writers (Jungck, 1985; Bransford,
Sherwood, Vye, and Rieser, 1986; Zoller, 1987; Henderson and Lally, 1988;
Bransford and Vye, 1989), for example:
Teaching people to be capable problem solvers is a major concemn to all those who
believe that the cornerstone of any domestic society is the active and responsible
participation in decisions by an educated and intelligent citizenry, regardless of their

career orientations.
Zoller, 1987, p 510

It is also proposed that engagement in investigative problem solving helps
students to develop values and attitudes that are important to the kind of

society which we wish to develop (Jungck, 1985; Nott, 1988; DeBoer, 1991;
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Jungwirth and Pottenger, 1992). There may be a conflation between

individual and social responsibility, for example:

If we want our future citizens to be educated for capability so that they can participate
in and develop in a society that is a caring community which values the individual and
the rights of other, then an appropriate teaching method in schools would be problem-
solving, which involves participation, co-operation, positive assessment and a

supportive, tolerant atmosphere in which students can develop knowledge and feelings.
Nott, 1988, p 47

These social and social action benefits perceived to accrue from a problem-

solving approach to science education are also challenged by the work of the

situated cognition theorists.

3.4.6 Ideological arguments

Another argument put forward for the inclusion of investigative problem
solving in school science is that problem solving helps students to better
appreciate the nature of science (Jungck (1985). By having students work
within a problem-posing and problem-solving domain it is argued that we
help them to appreciate that science is not fixed, with all of its major
problems already solved, but rather that science is a dynamically growing

approach to difficult problems.

Researchers such as Kuhn and Angelev (1976) have also indicated that
engagement in problem solving activities within a social framework may
facilitate the breaking of barriers to education for female, minority and low
ability students who may traditionally avoid science or reach lower

achievement levels.

3.4.7 Epistemological arguments

Epistemological arguments for the inclusion of investigative problem
solving in school Science programmes state that since the purposes of
education include not only acquisition of knowledge but also the
development, improvement and application of higher order cognitive
processes, then problem-solving strategies are well placed to encourage this
(Bellamy, 1983; Hadfield 1987; Heaney and Watts, 1988; Tennyson; 1989;
Abell, 1990; Yackel, Cobb, Wood and Merkel, 1990; Jungwirth and Pottenger,
1992; Hennessy et al, 1993; Watts, 1994). For example:
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To learn science from a constructivist philosophy implies direct experience with science
as a process of knowledge generation in which prior knowledge is elaborated and
changed on the basis of fresh meanings negotiated with peers and teacher.

Watts, 1994, p 51

During problem solving conceptual construction is occurring as students use
previous knowledge from both domain specific and domain general
knowledge - they are constructing, reconstructing and fine-tuning their
theories (Wallwork, 1988). Gil-Perez and Martinez-Torregrosa (1983)
suggested that problem solving strategies are among the methods suitable
for changing students’ ideas and that these are equivalent to the methods
involved in the development and change of scientific theoretical paradigms.
They also claim that the use of scientific processes is clearly in evidence as
well during problem solving. Since knowledge is socially constructed,
collegiality is important. In addition, individual construction of knowledge

is also perceived to be occurring, for example:

... the constructivist view of learning and its implications are very relevant ... The
technique of problem solving gives students the opportunity to work from existing
mental frameworks, to modify these as appropriate and to build on them in a way
which is meaningful to those involved.

Wallwork, 1988, p 95

It has been asserted that it is for these epistemological reasons that
investigative problem solving approaches have cemented for themselves a
strong position within the school curriculum in general and that of science
in particular (Jungck, 1985; Heaney and Watts, 1988; Stewart and Van Kirk,
1990). Statements claiming this paramount position occur frequently in

teacher directed literature promoting curriculum change, for example:

[Problem solving] is a process that clearly involves learning and indeed it could be
argued that it is the only effective way to learn. If this is so, problem solving must
occupy a central position in the curriculum and in our pedagogy.

Heaney and Watts, 1988, p 8

In summary, such a wide-ranging support for investigative problem solving
from a range of perspectives endorses the central position of investigative
problem solving in school science programmes. It is, though, a central
position which can be challenged. It is also to be expected that investigative
problem solving approaches to learning in science have been the focus of

considerable research activity and general writing for teachers. An analysis
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of the directions and emphases of the reports which have helped to direct

this study will be discussed in the next section.

3.5 Research relating to school based investigating

The late 1980s and early 1990s brought an increased focus on problem
solving and open investigations into New Zealand science education and
there was a significant emphasis on the importance of the integrative nature
of these activities written into New Zealand’s curriculum statements for
Science and Biology. However, at the time of the writing of these
curriculum statements there had been no detailed study of the effect of the
introduction of an investigative approach to learning in either school
Science or Biology in New Zealand. As a Biology teacher education lecturer
I felt that it was critical to better understand how students approach and
carry out investigations in school Biology classrooms and to become better
informed about the complexity of the relationships between the teachers and
the students in this situation. Before this study could begin it was important
to identify past and current research in science education that related to

Science classroom based investigative problem solving.

Major findings from science education researchers exploring investigative
problem solving have included a focus on the general effect on student
learning and the role of the teacher in the investigative classroom,
investigation’s link with group work, the degree of openness of
investigations, specific aspects of the investigative process, investigation’s
links with essential skill development such as numeracy, the differences
between expert and novice investigators and assessment of students who are

investigating. These findings will be discussed in turn.

3.5.1 General effect on student learning and the role of the
teacher in the investigative classroom

There has been a focus on the efficacy of investigative approaches for
student learning and the role of the teacher in facilitating this (Shymansky
and Penick, 1981; Tinnesand and Chan, 1987; Toh, 1990; Blumenfeld, et al,
1991; Fay, Schauble and Glaser, 1994; Millar, Lubben, Gott and Duggan, 1994).

67



Others, such as Hall and McCurdy (1990) and Shymansky (1984) have been
concerned with comparisons of the effect of different styles of laboratory
approach on student outcomes such as content achievement and reasoning
ability. The empirical evidence concerning the efficacy of practical work as a
way of learning scientific knowledge is often difficult to interpret (Hodson,
1993a). Whilst an investigative approach is claimed by some to support
student learning (Shymansky, 1984), investigative practical work has not
always been shown to be superior to other forms of teaching for increasing
student learning in science. In some instances it appears to be less successful
(Hofstein and Lunetta, 1982; Mulopo and Fowler, 1987). For instance,
researchers such as Yager et al (1969) found that a inquiry laboratory
approach provided no 'measurable advantages over other modes of

instruction other than in the development of laboratory skills' (p 85).

Other researchers, such as Cothron, Giese and Rezba (1989) and Tinnesand
and Chan (1987), have reported on the part teachers play when students are
engaged in particular aspects of investigating. The role of the teacher was
shown to be that of facilitator or enabler by some (Murphy, 1988). The
student-teacher relationship has also been found to be complex with
consequent heavy demands placed on the teacher (Blumenfeld et al, 1991;
Sydney-Smith and Treagust, 1992; Fay et al, 1994). The role of information
technology in supporting students’ investigations is an alternative focus
with Watkins (1992), and many others of the BioQUEST teams (Slack and
Stewart, 1989; Stewart and Van Kirk, 1990), reporting on the value of

computer software to complement a teacher’ work.

3.5.2 Investigation’s link with group work

There is a wide ranging literature on co-operative learning programmes
across many disciplines and some deal particularly with students working in
science contexts (for example, Segal and Haigh, 1991). Solomon (1994b)
considered the claim that group discussion helps in the planning and design
stages of practical work. Reporting on Wallace's 1986 observations,
Solomon suggested that we have evidence that students do negotiate
common understandings for both declarative and procedural concepts
during group work. Blumenfeld et al (1991) focusing on project based
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learning indicated that while students find group work enjoyable they need
to have skills to enable them to discuss ideas, communicate clearly and
consider alternatives systematically. Garrett and Roberts (1982) reviewed
studies which considered the value of demonstration versus small group
work over the period 1900 to 1980. Distinguishing between macro strategies
such as exploratory versus expository teaching and micro, classroom level
tactics, such as small group work and demonstrations, they summarised as
their findings that no one tactic is better than another per se, and suggested
that any future study should cover a wide range of 'learning and attitudinal

outcomes in a multivariate situation' (p 141).

3.5.3 The degree of openness of investigations

One aspect of investigations which has been widely researched and reported
is the degree to which investigative work for students allows student choice,
that is, is it open or closed. An example of this line of research is that of the
‘Open Work in Science’ (OPENS) project reported in Jones et al (1992) and
Simon et al (1992). Here, openness was considered along three continuum -
defining the problem, choosing a method and arriving at solutions. Other
_science educators have reported case studies of their experience with an
open investigative strategy, for example, Watts (1994). Still others have
developed schemes for facilitating a more open approach in the classroom
(Lock, 1990; Watson and Fairbrother, 1993; Gott and Duggan, 1995). Findings
from these research projects indicate that the addition of openness into
school curricula helps students to develop scientific knowledge and
understanding and provides opportunities for students to use their

initiative in making decisions (Jones et al, 1992).

3.5.4 Specific aspects of the investigative process

At times the research focus has more narrowly concentrated on specific
aspects of investigating or experimenting, such as students hypothesising
(Wenham, 1993); students predicting (Lavoie and Good, 1988; Linton, 1994);
variable categorisation (Rezba, Cothron and Giese, 1992; Gott and Duggan,
1995); variable control (Rowell and Dawson, 1984; Dawson and Rowell, 1986;
Murphy, 1988; Linn, Clement, Pulos and Sullivan, 1989; Hackling and

Garnett, 1992, 1993); and relationships between process skills (Tamir and
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Amir, 1987). Such focussed research is valuable for providing a detailed
analysis of aspects of student investigative behaviour but it has frequently
been carried out in a carefully controlled environment rather than in the
regular school classroom. A note of caution has also been sounded
regarding the dangers of focussing on particular aspects of investigating. For
example Duveen et al (1993) warn that by focussing on one or two aspects of
investigating such as control of variables, we narrow what should be an

holistic endeavour.

3.5.5 Investigation’s links with essential skill development
Researchers have also concentrated on examining how student ability at
what the New Zealand curriculum framework document (Ministry of
Education, 1993a) have called essential skills (for example, communication
and numeracy) impacts on students’ investigating ability and, alternatively,
on how engagement in investigating facilitates students’ essential skill
development. Linn et al, (1989) found that students who received logical
reasoning instruction prior to carrying out investigations could link their
science content knowledge to their procedural knowledge more effectively
than those receiving science content instruction alone. Garnett, Hackling
and Silver (1990), arguing that facility with science process skills correlates
strongly with formal reasoning ability, used carefully designed instructional
materials relating to the nature of science, hypothesis testing and
experimental design, to show that students formal reasoning patterns could
be improved. The cognitive acceleration work of Adey and Shayer (1990)
supports Garnett and Hackling’s findings as does that of Byrne and
Johnstone (1987) and Wilson (1995).

3.5.6 Differences between expert and novice investigators.

There is a wide body of research regarding expert and novice approaches to
problem solving with some very prolific writers (for example, Reif and
Heller, 1982; Reif, 1986 and 1990; Woods, 1988a, 1988b, 1988/1989, 1989,
1989/1990). The main aim of this research was to identify whether novice
investigators approached problem solving in ways that were identifiably
different from experts in the field. If such differences could be identified

then the findings could be utilised by teachers to help novices. Glaser (1984)
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distinguished expert from novice knowledge according to how it is
organised with the knowledge of novices being organised 'around the literal
objects explicitly given in a problem statement' and expert knowledge being
organised around 'principles and abstractions' and the 'application of what
they know' (p 98 - 99). Bereiter (1992) discussed the differences between
expert and novice problem solvers by contrasting the referent-centred
knowledge of novices with the problem-centred knowledge of experts. This
understanding of novice-expert differences has been used to suggest how
different instructional programmes can target particular aspects of problem
solving expertise (Glaser, 1990). These differences between novices and
experts have, however, been shown to be very contextualised (Perkins and
Salomon, 1989).

3.5.7 Assessment of students who are investigating

The assessment of an holistic activity such as investigating has long been
recognised as difficult, yet students are strongly influenced by assessment
and reporting (Baumgart, 1992). Also curriculum policy requires teachers to
report on their student's achievement of learning outcomes, so there is a
_ obligation to ensure that such activity is assessed. However researchers
report both a variety of interpretations of such mandates and means of
assessment, for example, Buchan (1992), Swatton (1990, 1993), Crossland,
1993 and James and Conner (1993).

There have been attempts to simplify the assessment of practical skills
through projects such as Techniques for the Assessment of Practical Skills
(TAPS) (Bryce and Robertson, 1985). These approaches have been evaluated
and strongly criticised (Hodson, 1991, 1992a) for their reductionism and non-
contextualised tasks. Hodson has cautioned about the superficial rationality
of schemes such as TAPS which do not give us evidence about students’
ability to tackle a whole investigation - of particular concern with TAPS 1
and TAPS 2 material. Bryce (1991b) has, however, argued in support of the

more holistic assessment approach of TAPS 3.

There has been attempts to identify whether student achievement of one
aspect of investigating is a reliable determiner for achievement of other
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aspects. Lock (1989) reported on his research into inter-skill relationships,
context dependency and construct validity with respect to investigative
practical work. Strong relationships were reported between interpretation
and planning skills whereas reporting, observation and self-reliance skills
were found to be relatively distinct from one another and all other
components. The students’ performance on interpretation and self-reliance
were found to be context generalisable but observation and reporting were
context-dependent. Additionally, student performance on very few of the
assessed investigative skills correlated highly with external examination

grades, suggesting that assessment of practical work should stand alone.

Other assessment-linked research has concentrated on the means of
assessing and the development of models for assessment practice, for
example the work of Collis and Davey (1986). Such methods include the
SOLO (Structure of the Observed Learning Outcome) technique and its link
to the assessment of, for example, students' ability at hypothesising
presented by Collis and Biggs (1989). In response to the demands on teachers
to assess the English and Wales national curriculum Scl strand, Crossland
(1993) presented a model of purportedly context free questions for teachers to
ask to enable them to collect evidence whilst their students are carrying out
investigations. It has also been suggested that much teacher assessment of
practical work is subjective and unreliable and some researchers, such as
Singer and Lock (1984), have reported on a ways of improving the reliability

of teacher assessment of investigative practical work.

The Assessment of Performance Unit (APU) has carried out many long term
programmes for assessing science with the production of many research
reports and reports for teachers (Black, 1990). Their work has been strongly
influential in both curriculum and assessment terms but it has been
criticised for redefining school science in terms of problem solving 'process
skills' which has led to England and Wales Scl curriculum strand’s
perceived over-strict adherence to the 'fair test' model of science (Tytler and
Swatton, 1992).
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It is clear that science educators have had considerable interest in
investigative problem solving, ranging from its possible effect on learning
and the assessment of this learning to a consideration of the interactions
between the participants in the investigating process. At times this interest
has been wide ranging and has had a holistic focus but more often it has

focussed on specific aspects of the process.

3.6 The research focus for this study

Aspects of research in science education which are connected to
investigative practical work have been surveyed. Research foci which were
identified were the general effect of an investigative approach on student
learning and the role of the teacher in the investigative classroom;
investigation’s link with group work; the degree of openness of
investigations; specific aspects of the investigative process; investigation’s
links with essential skill development such as numeracy; the differences
between expert and novice investigators and assessment of students who are
investigating. This survey has indicated key aspects of investigating to be
explored in the New Zealand context. Whilst the late 1980s and early 1990s
had brought an increased focus on problem solving and open investigation
into New Zealand education, there had not been any detailed study of the
effect of the introduction of an open investigative approach to learning in

either school Science or Biology in New Zealand.

If we were to better understand how students approach and carry out
investigations in New Zealand Biology classrooms it was apparent that we
needed to become better informed about the complexity of the working
relationships between the teachers and the students in this situation. It was
also essential to follow students as they carried out investigations in order to
discern which aspects of the investigative process presented barriers to their
achievement. Likewise of value was an exploration of students’ attitudes to
investigating and to find out whether the students and their teachers
considered that an investigative approach enhanced the students’ learning

of Biology. This information was best be sought within a long term
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classroom-based case study where students were being introduced to
investigative practical work. With the information gained from such a case
study it may be possible to discern ways by which Biology teachers can be
supported when they are introducing openness into their programmes and

to determine how learning may be enhanced for the students carrying out

these investigations.

3.7 Summary

This chapter has looked in more detail at the nature of scientific
investigation and the related process of problem solving. It was noted that
attempts to define prt/one of these processes frequently included a reference
to the other process. Therefore the close relation of these processes was
explored and a model to represent the relationship as it would be
understood in this study was developed. This model presented problem
solving and investigation as being tightly interwoven and with each process

contributing to the other at various stages of a practical activity.

Investigation is here defined as practical work which requires students to
use previous knowledge and new observations as they carry out carefully
designed experiments to find answers to a specific problem or a set of

problems.

A definition of problem solving includes the notions of problem
encountering, problem recognition, problem solution and authenticity.
Problems are activities where the means to the solution is not easily
identified. There may be more than one solution and the answer may not
be necessarily 'correct' but rather simply ‘acceptable’ by most people
involved. The process of problem solving does do not necessarily involve

traditional ‘wet’ practical work at a laboratory bench.

Practical work is defined widely as any activity which provides students with

the opportunity to have direct personal experience of the subject being
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studied and which requires both cognitive and psychomotor participation of

students.

Reasons given for the inclusion of investigative problem solving in school
Science were examined. These arguments had educational, scientific,
vocational, social, ideological and epistemological bases. An analysis of
research findings relevant to investigative work in school Science was
presented. Research foci which were identified were the general effect of an
investigative approach on student learning and the role of the teacher in the
investigative classroom; investigation’s link with group work; the degree of
openness of investigations; specific aspects of the investigative process;
investigation’s links with essential skill development such as numeracy; the
differences between expert and novice investigators and assessment of

students who are investigating.

The research directions of this study of students and teachers engaged in
investigating in a Biology classroom were outlined. If we were to better
understand how students approach and carry out investigations in New
. Zealand Biology classrooms it was apparent that we needed to become better
informed about the complexity of the working relationships between the
teachers and the students as the students carried out investigations. We also
needed to better understand how students interact with the tasks to carry out
the investigations. This information was best be sought within a long term
classroom based case study where students were being introduced to

investigative practical work.

Investigating is seen as closely linked to learning in most science
curriculums. In Chapter 4 it will be argued that the engagement of students

in investigative practical work reflects a co-constructivist epistemology and

pedagogy.
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Chapter 4: A Theoretical Framework For
Investigating In Science

4.1 Introduction

Investigating is seen as closely linked to learning in most science curricula.
In this chapter I will make a case for a particular constructivist view of
learning, specifically a co-constructivist view within a social constructivist

paradigm, as being appropriate to inform my view of investigative work.

Personal, radical and social constructivist theories will be outlined in
Section 4.2. Investigating will then be considered from positivist and
general constructivist view points (Section 4.3). A social constructivist
framework for investigating is developed in Section 4.4, with particular

reference to a co-constructivist pedagogical model.

4.2 Constructivist views of learning

Constructivism contends that knowledge is not passively received but is
actively built up by the cognising subject. Constructivism asserts that
‘learning takes place when an individual constructs a mental representation
of an object, event or idea’ (Bell and Gilbert, 1996, p 44). For constructivists
'information is that which is formed from within the data selected from the
environment', whether it be external objects or language, (Watts and
Bentley, 1991, p 175) rather than being transformed from the environment

to the individual via the senses.

Constructivist theories can be largely defined as personal, radical and social

and these will now be discussed.

Personal constructivism

These theories focus on the individual’s personal construction of meaning.
Early learning theorists who developed personal constructivist views of
learning were Piaget and Kelly (as described by Pope and Gilbert, 1983). The
assumptions on which personal constructivist theories are based are

expressed by Osborne and Wittrock (1985) as:
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a) The learners’ existing ideas influence what use is made of the sense and in this
way the brain can be said to actively select sensory input.

b) The learners’ existing ideas will influence what sensory input is attended to and
what is ignored.

c) The input selected or attended to by the learner, of itself, has no inherent meaning.

d) The learner generates links between the input selected and attended to and parts of
memory store.

e) The learner uses the links generated and the sensory input to actively construct
meaning.

f) The learner may test the constructed meaning against other aspects of memory
store and against meanings constructed as a result of other sensory input.

g) The learner may subsume constructions into memory store.

h) The need to generate links and to actively construct, test out and subsume meanings
requires individuals to accept major responsibility for their own learning.

Osborne and Wittrock, 1985, 65 - 67

Whilst personal constructivist views of learning emphasise the role of the
individual in learning they do not acknowledge the role of the social and
cultural context of the learner (O’Loughlin, 1992). After questioning the
absence of the teacher from many constructivist images O’Loughlin noted

that:

The picture is silent too regarding the historical, social, cultural and physical
contexts of the learning process as well as the specific biographical influences that
have shaped this child’s epistemology.

O’Loughlin, 1992, p792

It will be argued that the teacher has a very definite and important guiding

role to play in science classrooms where students are investigating.

Radical constructivism

Radical constructivism as propounded by von Glasersfeld (1984) in
mathematics education has four underlying principles. The first is the
rejection of the idea that we can accurately and completely know reality.
The second is the assertion that scientific knowledge must be judged by its
instrumental value. The third presents the idea of concept formation being
the result of an individual’s effort to represent his or her subjective
experiential reality and, fourthly, von Glasersfeld introduced the idea that

these formed concepts are modified until they become functionally effective.

As with personal constructivist views of learning the radical view point has

been criticised both for its lack of emphasis on the social and cultural
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contexts of learning and for its relativistic view of reality (a matter which

will be discussed later in this chapter).

Social constructivism

A social constructivist view of learning recognises that the bases for learning
in science are social and cultural as well as personal and that the 'social
context in which cognitive activity takes place is an integral part of that
activity, not just the surrounding context for it' (Resnick, 1991, p 4). Driver,
Asoko, Leach, Mortimer and Scott (1994) defined social constructivism by
indicating that this ‘perspective recognises that learning involves being
introduced to a symbolic world” (p 5) but this term, social constructivism, is
seen as in need of elaboration (Bell and Gilbert, 1996). Hennessy (1993)
referred to the learning which is a ‘process of enculturation or individual
participation in socially organised practices’ (p 2) as situated cognition.
Other terms such as social cognition, cognitive apprenticeship, learning in
context and everyday cognition also imply a social perspective for learning
and ‘imply that cognition is not bounded by the individual brain or mind’
(Bell and Gilbert, 1996, p 49). Bell and Gilbert (ibid) proposed a social

constructivist view of learning which recognises that

¢ Knowledge is constructed by people.
The construction and reconstruction of knowledge is both personal and social.
Personal construction of knowledge is socially mediated. Social construction of
knowledge is personally mediated.

e Socially constructed knowledge is both the context for and the outcome of human
social interaction. The social context is an integral part of the learning activity.

e Social interaction with others is part of personal and social construction and
reconstruction of knowledge.
Bell and Gilbert, 1996, p 50 - 51

Co-constructivism

A co-constructivist view of learning refers particularly to the learning which
occurs when a learner is in dyadic (often), or small group, interaction
(Rogoff, 1990). In the science classroom this interaction may be a teacher -
student relationship or a student - student relationship. An acceptance of
the significant role that teacher - student and student - student interactions
plays in students’ learning enables us to consider the activities of a science

classroom from this perspective - in the framework of this study the

78



activities associated with students who are engaged in investigative problem

solving practical work.

It is the social constructivist standpoint with its emphases on the social and
personal perspectives of students’ learning in a science classroom which
underlies the research carried out for this thesis. This social constructivist
standpoint may represent a change for many in science education in New
Zealand which, it is argued, has long been underpinned by a positivist
paradigm and a predominantly didactic approach to teaching and learning.
In order to better understand the change in emphases which result from a
shift to a social constructivist perspective the two paradigms will be

contrasted in the next section of this chapter.

4.3 Positivist and constructivist viewpoints of learning in
science

Table 4.1 is a summary contrasting the nature of the scientific endeavour
and science education within positivist and constructivist paradigms. In
this instance "paradigm” is used to indicate a network of relationships and
shared understandings within a discipline. Positivism is a theoretical
perspective that contends that knowledge consists of, or is derived from,
actual facts. Thus a Baconian view of science underpins positivism
(Chalmers, 1982). Constructivism has been described above. Each of these
paradigms is explored for its underlying ontology; its view of knowledge,
science and learning; its educational implications, and the role of the teacher

and learner in a classroom structured around the beliefs of the paradigm.

The summary has been developed primarily from the following literature:
Lawson and Renner, 1975; Chalmers, 1982; Osborne and Wittrock, 1985;
Driver and Bell, 1986; Yackel et al, 1990; Phillips and Soltis, 1991; Watts and
Bentley, 1991; Wheatley, 1991; O'Loughlin, 1992; Davis, McCarty, Shaw and
Tabbaa, 1993; Driver, 1993; Carr, Barker, Bell, Biddulph, Jones, Kirkwood,
Pearson and Symington, 1994; Driver, Leach, Millar and Scott, 1996; and
Hodson and Hodson, 1998.
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Positivist Constructivist
Underlying Realism Unrepresentative or critical realism
Ontology Relativism
View of Successive theories that Not disembodied, arises through the interaction
knowledge progress ever and ever between previously accumulated knowledge and

closer to the correct
description of reality.
Absolute and unchanging.
Mind independent.

relationships between current data - person-centred.
What 'works' and what is 'good' in a particular
context. Shared meanings. Adaptive and ever-
changing.

View of science

Determination of
knowledge of reality in
the most objective manner
possible. Concepts are
precise and unambiguous.

A human and social construct. Development of best
agreed on explanation which makes sense and
explains observed phenomena.

View of learning

Brain is seen as a sponge,
tabula rasa.

Knowledge is not passively received but is built up
by the cognising subject.

Function of cognition is adaptive and serves the
organisation of the experiential world.

Educational
implications

Authoritarian model.
Behaviourism - careful
sequencing of information,
emphasis on observable
behaviour. Educational

dogmatism - rule oriented.

Texts source of facts and
theories.

Classroom characterised
as work place.

Learning is a generative process. Meaning is
evoked, not conveyed. Self determinant - reflection,
metacognition.

Acknowledgment of prior learning. Multiple
outcomes (detail and direction). Active engagement
of learner; students' intention very important.
Knowledge would be presented in meaningful
settings.

Classroom characterised as learning place.

Role of teacher

Didactic, transmitter of
precise and unambiguous
knowledge. Focus on
structure of scientific
content.

Classroom controller

Diagnostician/ mediator/ co-constructor.
Presenter of knowledge and a provider of
experiences.

Focus on individual student's learning.

Classroom manager

Role of learner

Receiver of transmitted
knowledge. Not actively
involved in the

construction of knowledge.

The learner generates links between input and
stored memory to actively construct meaning, then
tests the constructed meaning against other stored
memory or new inputs. The student is required to
accept major responsibility for their own learning.

Responsibility | Teacher Student and teacher, either by negotiation, or
for student student within the opportunity provided by the
learning teacher.

Table 4.1: Summary of comparison of educational paradigms

The ontology, or theory of the nature of being, underpinning positivism is

realism which proposes that scientific theories describe the world as it is

really like, or at least aim to do this (Chalmers, 1982). According to realism

‘the world exists independently of us as knowers, and is the way it is

independently of our theoretical knowledge of it’ (Chalmers, 1982, p 147).

Scientists strive to describe that reality with successive theories coming ever
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closer to the correct description of reality. Knowledge is independent of the

mind of the knower.

On the other hand it has been argued that the major ontological viewpoints
underpinning constructivism are either unrepresentative or critical realism,
and relativism, with relativists rejecting the notion of objectivity (von
Glasersfeld, 1984; Rose, 1994; Solomon, 1994a). Watts and Bentley (1991)
have argued that there are strong and weak versions of constructivism with
a strong version representing a more extreme position than a weak version.
It is the strong constructivist view of learning which can be been seen as
having a relativist view of ontological issues. In fact it is sometimes held
that a strong version of constructivism necessarily implies a relativist
ontology (Matthews, 1994) and thus views knowledge as transitory and
provisional with the objective world not directly accessible. However,
although radical constructivism is based on the notion that we can not
know reality in an absolute way radical constructivism may be seen to be
impartial with respect to reality (von Glasersfeld, 1992) rather than rejecting
reality. A real world, he argued, may exist outside of the learner but the

. learner does not have any sure knowledge of that reality.

Others have also critiqued the suggestion that a strong constructivist
version of learning necessarily implies a rejection of a realist ontology
(Driver et al, 1994). Similarly, Duit (1994) and Rose (1994) maintained that a
constructivist view does not necessarily lead to a relativist position and
claimed that it can be compatible with a critical or unrepresentative realist
ontology which accepts that the physical world is the way it is, independent
of our knowledge of it, but recognises that our theories about the physical
world are social products and subject to radical development and change
(Chalmers, 1982). Critical realists accept that objects (things) exist as reality
but that knowledge does not. The knowledge that people construct about
objects is constrained by the perspective from which the objects are
approached and by the past history of the knowledge maker(s). Thus
concepts about objects do not exist in reality but are constructed and held

individually and socially. Critical realism is realist in that it assumes ‘that

81



[if] theories are applicable to the world they are always applicable, inside and
outside of experimental conditions' (Chalmers, 1982, p 163). Critical realists
see knowledge as an ‘interpretation of experience, an interpretation based on
schemas, often idiosyncratic at least in detail, that both enable and constrain
individuals' processes of sense making' (Resnick, 1991, p 1). Critical realists
assert that knowledge is culturally and historically bound. Thus the fit of
our constructions is continually tested by experience as we formally, or
informally, search for evidence (Posner, Strike, Hewson, and Hertzog, 1982).
Scientific knowledge becomes a social construct where scientists strive to
develop the best agreed on explanations for observed phenomena. It is

always contextual and not separated from the knower (Wheatley, 1991).

Within a positivist paradigm science is viewed as a means of determining
our knowledge of reality in the most objective and unbiased manner
possible. Concepts are presented as precise and unambiguous. On the other
hand within a constructivist paradigm science knowledge is seen as an
individual and social human construct. Scientists work together to develop
the best possible explanation of an observed phenomena which makes sense

. and has explanatory power.

Within a positivist paradigm learning is perceived to be the acquisition of
acquired/received knowledge which is transmitted to the learner by the
teacher (Davis et al, 1993; Jonassen, 1991). The knowledge that experts have
acquired is perceived as having to be transmitted to the student since the
experts' knowledge is ‘much closer to reality than beginners' knowledge'
(Davis et al, 1993, p 628). The student’s brain is perceived as being a sponge
waiting to soak up knowledge; a tabula rasa or blank page upon which the
teacher writes. Knowledge is received unaltered by the student’s mind or
thinking. In contrast, within a constructivist paradigm, learning is never
simply receptive, but occurs when people construct their own explanations
for new information. The learner’s prior knowledge, capacity to learn, and
disposition; the learning environment; and the Ilearner’s previous
experiences all influence this learning. Individuals will perceive these

influences differently. Such learning does not occur in a social vacuum.
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Other people influence both the information that the learner receives and
the manner in which it is presented (Cheung and Taylor, 1991; Driver, 1993,
Driver et al, 1994).

These different views of learning have educational implications. The
positivist classroom may be authoritarian. There may be an emphasis on
the careful sequencing of information. Texts are seen as the source of facts.
and theories. There is an emphasis on the mastery of information and the
testing of this achievement. The classroom is characterised as a work place.
The teacher is a didactic transmitter of precise and unambiguous knowledge.
There is a focus on the structure of scientific content. Above all the teacher
is perceived as a classroom controller. The learner receives transmitted
knowledge and is not seen as actively involved in the construction of
knowledge (Davis et al, 1993), for example, there is little emphasis on group

discussion and greater emphasis on note-copying.

By contrast, in a constructivist classroom meaning is generated, not
conveyed (Osborne and Wittrock, 1985). Students are encouraged to be self-
determining, reflective and metacognitive (Bakopanos and White, 1990).
There is an acknowledgment of prior learning and an encouragement for
learners to be actively engaged in their learning. Group discussion and
debate is encouraged. Knowledge is presented in meaningful settings. The
classroom is characterised as a learning place. The teacher is a diagnostician,
a mediator and a co-constructer who provides experiences for the students.
The teacher inputs scientific knowledge and will be helping the students to
construct scientifically accepted meanings. There is a focus on the students’
learning which is managed by the teacher. Students are required to accept

responsibility for their learning (Bell, 1993; Carr et al, 1994).

Both of these positions have been criticised. A major objection regarding
the positivist view is that it is difficult to perceive of the observation of data
in a theory neutral manner (Driver et al, 1994). It is noted that it is
impossible to totally eliminate values and contextual considerations from

the science classroom. Students do not, and should not, leave behind their
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previous learning and their previous experiences when they begin their
studies in science. It is also noted that criteria of rationality are always
evaluative and dependent on purpose and interest (Davis et al, 1993). There
are also curriculum concerns arising from the application of a positivist
paradigm in science education. Such issues concern what science content
will be taught - who chooses who is to make these decisions and then how
will these ‘experts’ select specific science content. Will the ‘experts’ be
scientists, science educators or perhaps textbook writers? And what criteria
will be used to guide decisions regarding the specific content of the
curriculum given current exponential rates of growth of scientific

knowledge?

The constructivist view of knowing and learning is also not without its
critics. There has been a concern regarding personal constructivism’s
continuing emphasis on students’ ideas in science and the danger of
according to students’ ideas the deference and respect normally given to
scientific theories (Solomon, 1994a). There has also been concern that the
identification of students’ alternative ideas or frameworks is not of itself
sufficient to ensure that students’ ideas will undergo conceptual change
such that they will move towards scientific ideas (ibid). The social
construction of knowledge has not always received recognition (Bell and
Gilbert, 1996, O’Loughlin, 1992). Constructivism’s emphasis on the
individual learner has been seen to create problems for teachers who
somehow have to address the individual concerns of thirty or more
students within the restricted time frame of a school Science lesson of 45 - 60
minutes. There has been an acknowledged slow application of
constructivist approaches to classroom teaching and research projects have
been dedicated to supporting teachers who wish to develop instructional
methods consonant with constructivist principles (Bell, 1993). A concern
closely linked to this study is that expressed by Millar (1989) who queried the
notion that students act as scientists when problem solving. The difference
between knowledge construction by scientists and that of school children

learning science needs to be acknowledged.
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Curriculum development concerns also arise from a constructivist view of
learning. In a constructivist framework a ‘linear means-end model of
curriculum development is ... inappropriate’ (Driver, 1988, p 138). Instead,
the progressive development of curriculum should reflexive with feedback,
from all the classroom participants, leading to decisions as to how the
learning tasks can be adapted. However, there are constraints on operating
classrooms in this manner, such as timetabling, space, equipment and
teachers’ and learners’ expectations. Additionally there is a concern that
teachers and students working within a constructivist pedagogy may spend a
considerable length of time exploring only a few aspects of science to the
detriment of other aspects of science. Thus students may be perceived as

having only a limited knowledge of science.

In the next section of this chapter I will consider how my model of
investigative problem solving is best explained within a social constructivist

view of learning and specifically a co-constructivist view.

.4.4 A social constructivist view of investigating

The role of social and cultural interactions with respect to learning have
been increasingly recognised in science education (Solomon, 1989) as they
have in general accounts of learning (Valsiner, 1987; Wood, 1988; Rogoff,
1990; Resnick, 1991). The view adopted in this study is that whilst learning
is a personal activity it occurs within social and cultural frameworks. Thus
learning frequently occurs when interactions with more mature or
experienced others re-structures one’s ways of thinking (Wood, 1988). These
interactions may be both spontaneous and controlled. Consequently
knowledge production during learning can be seen as a joint construction of
understanding by the student and more expert members of the culture.
Development of new ways of reasoning, and consequently more
sophisticated learning, may also be the result of re-structuring after an

internal reflective dialogue with oneself.
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The process of learning can be conceived as the development of expertise
within a community of practice. In this view, the learning occurs when
novices interact with others who have more expertise in a particular
knowledge base or with a particular process than themselves; for example,
expertise in scientific investigation is not achieved by students by
themselves. The processes of science are cultural conventions and are
learned and perfected in interaction with those who already possess and
practice them. Here, students do not discover these for themselves but
adults, who are involved with students in shared projects or activities,
provide students with the means to become autonomous and self-
regulating - the student not only learns about specific tasks but also how to
plan, regulate and organise their own practical and cognitive activity
(Vygotsky, 1962).

Students may be able to help each other solve problems and achieve
understanding through negotiation of meaning. Conflicting views can lead
to discussion and reformulation which may lead to deeper understanding.
Personal reflection and metacognition are also important aspects of this
. process as they may help students to move towards a better understanding

of that which is to be learnt, and of themselves as learners.

Learning is a joint activity and knowledge is co-constructed, that is
knowledge is constructed by two or more people together. This co-
constructivist view is an elaboration of earlier concepts of learning
developed by theorists such as Piaget and Vygotsky (Rogoff, 1990). It is a

view shared by McNaughton (1995) who defines co-constructivism as:

A theory of psychological development which explains development as a product of
dynamic, mutual and interdependent constructions of an active learner and social and
cultural processes.

McNaughton, 1995, p 199

It is impossible to separate the learner from the social and cultural processes
surrounding the learner. Learning is enriched by these processes. A co-
constructivist view of learning refers particularly to the learning which
occurs when a learner is in dyadic (often), or small group, interaction. In the

science classroom this interaction may be a teacher - student relationship or
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a student - student relationship. An acceptance of the significant role that
teacher - student and student - student interactions play in students’
learning enables us to consider the activities of a science classroom from this
perspective. In the framework of this study the activities are associated with

students who are engaged in investigative problem-solving practical work.

A co-constructivist classroom

It can be argued that to adopt a co-constructivist pedagogy is to put social
cognitive and social constructivist theories into practice in the classroom.
Thus the perspectives of these theorists are of value to our understanding of
the workings of a co-constructivist classroom. A co-constructivist
perspective of learning means that students will be knowingly involved in
seeking meaning as they investigate (Dunlap & Grabinger, 1994; Spiro et al,
1991). The students themselves will be discussing and debating and
formulating ideas. For this to be so the classroom will be one where there
is: recognition of students existing knowledge and the opportunity to
restructure understandings (Dunlap & Grabinger, 1994); encouragement of
metacognition (Gergen, 1985; Lave, 1991; Thagard, 1992; Ohlsson, 1992;
. Hennessy et al, 1993); open recognition and acceptance of the expert-novice
differences regarding task approach (Bereiter, 1992; Glaser, 1993; Hennessy et
al, 1993); the provision of opportunities for students to learn from others,
that is cognitive apprenticeship opportunities (Brown et al, 1989; Collins,
Brown and Hollum, 1991; Lave, 1991; Perkins, Jay and Tishman, 1993); and
the inclusion of cooperative, collaborative activities (Brown et al, 1989;
Dunlap & Grabinger, 1994). These requirements are closely linked to each
other and in each there is a recognition of the social context of learning.
There is also an acceptance of the closely intertwined nature of conceptual

development and skill development.

Apart from increasing student motivation, allowing students to investigate
something that interests them has the added benefit of providing an
opportunity for them to make use of their existing knowledge and skills and
to structure links with new information and skills (Dunlap and Grabinger,
1994). Motivation to acquire further knowledge and skills is likely to be
greater when the problem is relevant to students and when they can work
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from a base of existing knowledge. There remain some unanswered
questions. How does the identification of prior knowledge facilitate the
progress of an investigation? How can teachers make more explicit the
underlying theories and tacit knowledge that both the teachers and students

bring to an investigation? And would this help the students’ learning?

It is likely that students who are carrying out investigations will need their
co-learners or partners in the learning process (their teachers or peers) to
help them to identify past relevant knowledge. Students may need to be
encouraged to become more conscious of their learning and knowledge base
and to become more keenly metacognitive (Gergen, 1985; White and
Gunstone, 1989; Alaiyemola, Jegede and Okebukola, 1990; White and
Mitchell, 1994).

It has been suggested (Glaser, 1993) that the difficulties novices face when
they are investigating can be attributed largely to the inadequacies of their
content knowledge base so that they do not have a wide knowledge base on
which to draw. This inadequacy is especially noticeable when the novice’s
knowledge base is compared to that of an expert investigator with specialist
experience in a particular field. An implication for science education arising
from the debate about the expert - novice dichotomy may be the challenge
for science teachers to recognise and resolve the dilemma of expecting
students who are novices to be able to function as experts in a variety of
disciplines. It is also possible that limitations in students’ procedural and

processing capabilities may also be contributing factors.

There are strong links between apprenticeship and cognition in ongoing
authentic activity (Brown et al, 1989). It is suggested that is through a
process of apprenticeship that students enter a culture of practice,
cognitively as well as procedurally. Questions that could be addressed here
include: How can science teachers help their students to enter the culture of
scientific practice? Could teachers facilitate their students’ understanding of
scientific practice by modelling investigative strategies and by making their

own tacit knowledge more explicit? Is there benefit in teachers modelling
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the process by using think-aloud protocols as suggested by Dunlap and
Grabinger (1994)?

It is suggested that students working in groups tend to successfully tackle
problems that they would not have been able to handle if they had worked
on their own; they share the risk and gain encouragement (Brown et al,
1989; Hennessy, 1993). However the value of working in groups can be
challenged. Is just being in a group sufficient to ensure students will work
productively together on a given task? How can co-operative and
collaborative working approaches be encouraged? Will students need

additional support such as group dynamics training?

A co-constructivist view of learning places an emphasis on the cognitive
within the social constructivist paradigm. Whilst the co-constructivist focus
may be narrow, being located within interactions between two or a small
number of people, the patterns and focus of their interactions are never-the-

less imbued with social and cultural meaning.

Within the co-constructivist view of learning there is a deliberate intrusion
of the expert (usually the teacher) in the process of personal construction of
meaning by the novice. The teacher usually has greater access to the social
domain of ‘science’ and is therefore more aware of scientific understanding.
The ‘expert’ in the relationship is facilitating or helping the ‘novice’ to
move closer towards scientific understanding, that is, acting as a catalyst or
mediator. The teacher is drawing upon his/her scientific knowledge,
pedagogical content knowledge and knowledge of the process of learning. In
a particular teaching-learning situation the teacher is working towards a
defined learning outcome through having an awareness of the student’s
present knowledge and by extending a challenge to change. There is also the
challenge of helping students to identify what may be common in a variety
of diverse tasks. These are deliberate acts involving scaffolding (Ninio and
Bruner, 1978), unpacking and acknowledgment of tacit knowledge and the

extension of the student’s zone of proximal development (Vygotsky, 1978).
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Students in science learn not only science knowledge but are also socialised
into the particularly science ways of thinking and construing the world.
There is a distinction between scientists creating new public knowledge and
students learning scientific knowledge which is new to them (Kirschner,
1992). Advanced learning requires learners to construct new knowledge
from previous knowledge when they are required to apply this knowledge
to new situations. This ability to refer to stored memory is especially
important when the learner is working within ill-structured domains such
as the application of knowledge during scientific investigation and requires

cognitive flexibility (Spiro et al, 1991).

According to a co-constricutivist view of learning science students do not
learn about a scientific theory by reformulating, or by making adjustments
to their understanding entirely by themselves. They are given, or seek out
resources for learning it. In this regard, the co-constructivist role of- a
'teacher' as provider, mediator or enabler is crucial. Teachers present
material to students through multiple, non-linear approaches; links are
indicated and the context dependency of knowledge is acknowledged.
Teachers encourage their students to reflect on their learning - to be
metacognitive, to reflect both on the construction of knowledge and the

process of doing so.

How does a co-constructivist model of learning help us to understand the
learning which is occurring in a science classroom when students are
investigating? How is the student interacting with his/her peers, the
teacher and the scientific community at large? Figure 4.1 expresses possible
interactions within the community of learning. Three sets of knowledge
can be identified within this community of learning. There is the teacher’s
knowledge base - scientific, pedagogical, contextual, social and general.
There is the knowledge base of each of the individual students - scientific,
contextual, social and general. These two bases of knowledge will be
interacting within the wider knowledge domains of the scientific
community at large, general knowledge and community knowledge of the

school context.
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Figure 4.1: Co-construction of understanding in action

The arrows at A indicate the student’s extension into scientific community
knowledge base outside of interaction with teacher. The arrows at B indicate
the teacher’s extension into scientific community knowledge outside of
interaction with student. At C there is an extension of the teacher’s
scientific knowledge as a result of interaction with student. Teachers can
learn from their students. At D there is an extension of student’s scientific
knowledge as a result of interaction with teacher. Students can learn from
their teachers. Position E represents that region of deliberate/incidental
ongoing use of shared scientific knowledge which underpins the extension
of knowledge at C and D. As students and teachers share their existing
knowledge (positions C and D) the amount of shared scientific knowledge at
position E becomes greater. Position F represents a region of
deliberate/incidental ongoing use of shared non-scientific knowledge, that is
contextual, social and general knowledge which underpins C and D. Such
knowledge may include a shared understanding of the culture and mores of
the classroom, and a shared understanding of the roles of student and

teacher.

The sharing and co-construction of knowledge presupposes frequent
communication between the teacher and his/her students, and students
who have the ability to access the knowledge base of the scientific
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community. It will be expected therefore that language expertise is a
necessary foundation for learning the knowledge base and culture of science
(Wood, 1988). If it is accepted that a fluent, articulate command of language
fosters abstract thinking, then the students’ ability to articulate (audibly or
internally) during investigations will impact on their thinking and
knowledge construction. In a classroom based on a co-constructivist
epistemology, discussions with a more experienced other will be expected to
enable students to overcome initial limitations and to be able to learn to

carry out investigations and to learn from doing so.

The model of investigative problem solving practical work presented in
Chapter 3 on page 59, depicted investigation as tightly interwoven with
problem solving and practical work. Carrying out an investigation may be
one of a number of alternative or complementary ways of solving a problem
and whilst carrying out this investigation the investigator may have to
solve a problem and so on .. The activity is likely to be complex and
demanding for both students and teachers and to require close conceptual,
skill and affective interaction between teachers and students. It is for this
reason that I have made a case for a co-constructivist view of learning as

being appropriate to inform my view of investigative work.

4.5. Summary

This research is concerned with Year 12 Biology students as they carry out
investigative problem-solving practical work. The first literature review
chapter (Chapter 2) considered practical work in school Science and Biology
programmes from an historical perspective and identified reasons for the
inclusion of practical work in school Science and Biology. In the second
literature review chapter (Chapter 3), the nature of investigating and
problem solving were described and potential links between problem
solving and investigation were investigated. A working model of the
relationship between investigation and problem-solving, within a
framework of practical work, was proposed for this study. Research

directions for this study were identified. The final literature review chapter
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(Chapter 4) has introduced social and co-constructivist views of learning and
has made a case for the appropriateness of a co-constructivist view of

learning as a framework for this study of students investigating.
In the following chapter the methodology for this research project which

studied the introduction of increased openness into investigative practical

work in senior school Biology programmes will be explained and defended.
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Chapter 5: Research Methodology

5.1 Introduction

Four questions guided the direction of the research project. These were:

1. In what ways can the students' abilities at carrying out open investigative

practical work be enhanced?

2. In what ways can Biology teachers be supported to introduce openness

into Year 12 Biology practical programmes?

3. What are the perceived benefits accruing from introducing investigative

activities into classroom programmes in Science/Biology?

4. What are the perceived constraints regarding the introduction of

investigative activities into school Science/Biology?

This chapter addresses the interpretivist paradigm chosen as the
methodology for the research (Section 5.2) and describes the research design
(Section 5.3). The people involved in the research are described in Section
5.4. Sections 5.5 - 5.7 outline the types of data which were collected, the
means of collecting the data and the sources of the data. Issues of validity
associated with an interpretivist methodology are discussed in Section 5.8.
Ethical issues which needed to be considered are covered in Section 5.9 and

the coding system used in the research report is described in Section 5.10.

5.2 The research methodology

In this research project the data were gathered, analysed and discussed with
the participants within an interpretivist paradigm. Such an interpretivist
approach, with its goal of revealing the participant’s views of reality (Lather,
1992; Robottom and Hart, 1993), allowed the understandings and reasons for
actions of the participants to be elicited (Borg, Gall and Gall, 1993; LeCompte
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and Goetz, 1982). Four key factors led to an interpretivist paradigm being
used. These key factors are that it allowed the use of case study and
naturalistic inquiry approaches; that it enabled close collaboration between
researcher and teachers; that it allowed the complexities of different
classrooms to be acknowledged and explored; and that it was compatible
with a social constructivist epistemology. Each will be elaborated on, in

turn.

The use of case study (Yin, 1988) and naturalistic inquiry techniques (Lincoln
and Guba, 1985; Smith, 1982; Welch, 1983) within this paradigm enabled
analysis of a multiplicity of classroom dynamics and teaching approaches, an
examination of a range of preferences, motivations and actions of students
and teachers and the development of a shared understanding by all parties
to the research (Mather, 1995).

An interpretivist framework also enabled close collaboration between the
researcher and teachers. A persistent concern in science education is the
minimal impact of research on practice (Tobin, 1988; Gilbert, 1994). Research
which involves collaboration between researcher and teacher, which
focuses on an issue identified as significant by the teacher and which is
carried out in the classroom is more likely to have impact on practice
(Huberman, 1993). Huberman noted the more pronounced impact of
research findings on practice if the researcher-teacher relationship involves
interaction over a length of time. In this case, exchanges occurred before the
study, during the study and during the data analysis and write-up phases of
the study. The close collaboration between the researcher and the teachers
also allowed the researcher and teachers to more readily reach agreement

about the significance of the gathered data (Lin, 1996).

Another reason for using an interpretivist framework was that it allowed
for the complexities of different classroom situations to be acknowledged
and explored. Throughout the three years of the research project data were
gathered from a number of different schools and classrooms each with the
potential for differing teaching and learning approaches and where teachers

and students worked together and defined their relationships in multiple
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ways. An interpretivist methodology was able to reflect the complexity of
such classrooms and research based in these classrooms (Lacey, 1976; Brown,
1992). In addition, it had the potential to encompass and elucidate the
inconsistencies and the personally subjective nature of a teaching and
learning context (Eisner, 1984). An interpretiyvist approach also allowed for
an uncovering and description of the research context so that others might
be able to connect to the findings and determine the correspondence of such
to their own context and then ‘imagine whether [the measurement
procedures] would yield the same data if replicated’ in their context (Borg et
al, 1993, p 130).

This research project is framed by a social constructivist epistemology and
the selected research methodology had to be compatible with and reflect this
view. An interpretivist framework allows for an affirmation of the

significance of the participants” knowledge:

The constructivist perspective holds as a chief assumption about much complex
behaviour that the ‘subjects’ being studied must at a minimum be considered knowing
beings and that this knowledge they possess has important consequences for how
behaviour or actions are interpreted.

Magoon, 1977, p 651

This research project required that all participants shared not just in the
construction of developing knowledge but also had an understanding of
each others’ objectives and underlying reasons for participation so that these
could also be taken into account (Johnston, 1990; Lather, 1992, Cohen and
Mannion, 1994). An interpretivist paradigm allowed for this broader and
deeper shared understanding through its embedded processes of reporting
and discussion at all stages of the development of the story. In this way
changes that occurred over time as a result of the intervention could be

recorded.

In order to be able to answer the research questions, the project required an
approach which would allow for the complex task of monitoring a context
specific curriculum intervention over a period of several years. The research
context of a New Zealand secondary school was significant because the

curriculum innovation that was being monitored had arisen from a
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national curriculum change. Since a response to a curriculum innovation
varies with the individual, the research approach had also to be able to take
into account the ‘uniqueness of each individual, each culture, and each
setting’ (Borg et al, 1993, p 195). The chosen research methodology had to
allow for analysis of ‘discrete aspects of an educational problem’ (Borg et al,
1993, p13) - the goal of quantitative research - and to allow for an overall
grasp of an ‘educational phenomenon in all its complexity’ (Borg et al, 1993,
p13) - the goal of qualitative research. The research thus required an
integration of quantitative and qualitative approaches in order to gain a
more complete picture of the changing confidence and abilities of the
students and the change of classroom interactions across the period of the

research project (Nau, 1995).

The research questions and pathways to their solution were also chosen to
allow for an identification, and analysis, of changes to students’ approaches
to their learning, of changes in the manner and confidence with which
students dealt with an increase of openness in practical work and of

concurrent changes in their teachers” approaches and used strategies.

At the same time, limitations to the amount of time available for face-to-
face interaction of the researcher and the students and teachers participating
in the research necessitated a combination of both direct collection of data by

the researcher and indirect means of gathering data.

5.2.1 The case study as an approach

Case study research has a place in an interpretivist paradigm as it may help
to explain real life interventions that are too complex for experimental
strategies. The case study can thus provide a description of a real life context
in which an intervention has occurred. Yin (1988) defines a case study as:

an empirical study that investigates a contemporary phenomenon within its real-life
context; when the boundaries between the phenomenon and context are not clearly
evident; and in which multiple sources of evidence are used.

1988, p 23

In particular, illustrative case studies (Yin, 1988) can describe the
intervention itself and may be used to explore those situations in which the

intervention being evaluated has no clear, single set of outcomes.
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The case study approach was appropriate to this research because the focus
was on contemporary as opposed to historical events and the researcher had
only limited control over actual behavioural events. The case study
approach was also applicable because the researcher collaborated intensively
with the participant subjects to find out their phenomenological
perspectives. It was relevant to use because the phenomena were studied in
their total context and observed over a long period of time and thus the
researcher and teachers knew what specific instructional situations and
contexts were being referred to. The complexity and richness of a typical
school Biology laboratory provides an abundance of data sources and thus a

case study approach was appropriate to use because case study research

typically uses multiple data sources.

Whilst having the advantage of allowing the generation of rich, in depth
data the case study approach is sometimes criticised. If a case study research
project is to overcome traditional challenges and prejudices (Yin, 1988) then
the researcher must be careful not to allow equivocal evidence or biased
. views to influence the direction of findings and conclusions. Whilst the
aim of any researcher is to produce findings that have relevance beyond the
immediate context of the study, the researcher must also acknowledge that
case study findings, whilst generalisable to theoretical propositions are not
generalisable to populations. In addition, researchers who do case studies
may be regarded as having deviated from their academic disciplines because
their research is seen as having insufficient precision. The issue is one of
validity which will be addressed in Section 5.8. However, ‘the continuing
relevance of the method raises the possibility that we have misunderstood
its strengths and weaknesses and that a different perspective is needed.’ (Yin,
1988, p 10).

Within the case study a multiplicity of techniques were used, for example
questionnaires and participant observation (which in turn can involve a
multiplicity of techniques). For a full description of the data gathering

techniques used see section 5.6.
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5.2.2 An element of action research

For the teachers who participated in the 1993 and 1994 intervention there
was an element of action research (Kemmis, 1981; Peters and Robinson,
1984; Alcorn 1986; Carr and Kemmis, 1986; Sommer 1987; McTaggart, 1989;
Feldman, 1994), whose objective to ‘effect and monitor change in existing
practice through an action phase’ (Alcorn, 1986, p33) aimed at bringing about
a desired end. It is research carried out by practitioners with a view to
understanding, and improving, their own professional practice. Carr and
Kemmis (1986) linked action research to curriculum development,
professional development and school improvement programmes, claiming

that these activities had in common:

the identification of strategies of planned actions that are then implemented, and then
systematically submitted to observation, reflection and changes.
Carr and Kemmis, 1986, p 164

The teachers who participated in the first and second phase of this research
project were involved in a collaborative manner (Johnston, 1990) in
defining the problem, selecting a design, selecting a sample, selecting
measures, analysing the data and in interpreting and applying findings.
However, overall the research can not strictly be called action research
because the researcher led most of the decision making; the identification of
the problem arose from a formal search of literature carried out by the
researcher as well as relating to the commitment of the researcher to science
curriculum development and science teaching efficacy in New Zealand; the
research design incorporated a long time frame; and it used measurement
procedures some of which were not routinely used in the classroom.
However the selection of the schools and teachers who participated in the
research was in 1993 from teachers who chose to respond to a registration of
interest, and in 1995 from teachers who responded to a request after their
involvement in a conference presentation by the researcher in 1994. In
addition the 1993 and 1994 teachers were personally interested in the
analysis of the innovation as it was closely linked to concurrent curriculum
change and they were actively involved in analysis of the data as it was

being generated. They had adopted the researcher’s problem as their own.
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5.3 Research design

The procedures and design of the research project were negotiated with the
teachers at the research school near the end of 1992. The researcher attended
a Biology meeting at City High where the nature of the intervention was
discussed as was the range, and nature, of the information which would be
gathered as evidence. In addition, aspects of an ethical nature were
discussed with the teachers. These included the procedures that would be
followed in setting up the observations and interviews, and the procedures
for maintaining confidentiality and accuracy of transcripts. The procedures
for the validation of data analysis were also discussed. Following this
meeting the school’s principal and Board of Trustees were formally
contacted and permission to carry out the research project in the school was

received.

The negotiation for, and nature of the intervention, and the nature of the
evidence will be discussed in this section. Ethical aspects will be addressed

in Section 5.9 (page 135).

5.3.1 Negotiated intervention

The researcher worked with the teachers and students following a process of
negotiated intervention (Simon et al, 1992) where the researcher and the
teachers together determined the direction of the research project, an
approach commensurate with action research. Figure 5.1 summarises the
process of negotiated intervention for this research project. The phases of
the negotiated intervention remain the same as that designed by Simon et al
(1992) for the OPENS project, but the given titles and examples are specific to
this research project. The components will be discussed starting with the
initial exploration and negotiation. The researcher and the teachers at the
research school together explored the existing situation during a regular
Biology staff meeting towards the end 1992. At this meeting the nature of
the intervention was established and decisions taken as to when to begin the

research project in the school. The intervention involved the introduction
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of open investigative tasks to the practical work programme of Year 12

Biology students - refer to Section 5.3.2.

Output
(development of classroom materials
assessment strategies, teacher change,
student learning)

Exploring the existing situation
(curriculum expectations,

current teacher views and practices
student needs and experiences)

Renegotiation
Negotiating the starting point for the development Reflection and evaluation
(timing, year planner development, level of intervention) of the intervention
Negotiating the kind of intervention '

(developing classroom materials,
surveying of teachers and students
observing classes, providing feedback)

N

Development work begins
(investigations, surveys,
research strategies)

Intervening in the classroom

Figure 5.1: The process of negotiated intervention for this research project.
(Adapted from Simon et al, 1992)

‘The teachers completed an initial questionnaire designed to elicit their
views regarding a problem-solving investigative approach to practical work
and the researcher carried out pre-intervention student questionnaires and
classroom observation. Following discussion of the data gathered up to this
point the specific nature of the investigative tasks was discussed and they
were developed ready to be used in the classroom. On the completion of
these tasks there was ongoing evaluation of the data followed by discussion
with the participating teachers and students.  Further intervention was
then negotiated. This process was repeated on a micro level following each
of the investigative tasks throughout the two years of the research project at
the school. On a macro level it was repeated on a yearly cycle for the

academic years of 1993 and 1994.

For Phase III of the trial in 1995 a simplified negotiated intervention was
followed. After the 1995 participating teachers had indicated that they

wished to be part of the ongoing trial of developing materials, access to the
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schools was negotiated through the Heads of Science, principals and Board
of Trustees chairpersons. The trial took place and data was returned to the
researcher with only limited access by the researcher to the classrooms and

students.

5.3.2 The nature of the intervention

In addition to negotiating the intervention, the nature of the intervention
was discussed with the teachers at the research school during initial
consultations in November of 1992. The intervention involved the
introduction of a way of presenting practical work to students in the Year 12
Biology programme which was different from the school’s normal
approach. The introduced practical work required students to carry out
investigative problem solving.  The investigations were linked to
curriculum topics and the students were expected to apply their prior
declarative, and procedural, conceptual understandings to these new
situations. Degrees of openness were introduced as students were required
to design their own investigations in order to come up with answers to a

given problem.

The tasks

In 1993 the students carried out three investigations specifically for the
research project. These were “Green streams”, “Factor X” and “Water
efficient plants”. For details of the other investigative tasks used during the
intervention see Appendix B. In 1994 the City High students carried out
“Green streams”, “Sweet export”, “Factor X”, “Potatoes for dinner”, “Plant
cells at work” and “Plants for dry conditions” (initially called “Water
efficient plants”). The intervention investigations were linked with
different parts of the Year 12 Biology programme. “Green streams” was
linked with the ecology section. “Sweet export”, “Factor X” and “Potatoes
for dinner” were linked with the cell form and function section and “Plant
cells at work” and “Plants for dry conditions” were linked with the plant
form and function section of the year’s programme. In both 1993 and 1994

additional teacher-developed investigations were also carried out during the
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time span of the intervention. All of the 1994 investigations were included

in the 1995 package which was sent to the participating schools.

Data gathered as students carried out the investigative tasks are analysed in
detail in Chapter 6. Data from three of the investigative tasks were analysed
in particular. The nature of these tasks and the timing of their use will be

discussed below.

(i) “Green Streams”

The investigation “Green streams” was designed by the researcher. “Green
Streams’ was the investigation used for the pre- and post- intervention
surveys of students’ scientific skill abilities during the 1993 and 1994 phases
of the research project. It was also used by some of the teachers and students

who trialed the material in 1995.

Green streams!

A small slowly moving stream flows through the corner of your school grounds. You
have noticed that the water has become much greener than it usually is. When you
discuss this with other members of the class someone mentions that the school playing
. field had been fertilized recently. Another student suggests that the green colour could
be due to the presence of microscopic plants in the water. Perhaps the fertilizer had
washed off the field into the stream causing the increase of microscopic plants?

How could you test this hypothesis? Does it matter how much fertilizer has been
washed into the stream? Or how long the fertilizer is in the stream? Design and carry
out an investigation to demonstrate what could happen when fertilizer gets into a
small stream. Write a report for your school newspaper explaining what you did and
what you discovered.

Hint: Start with a some pond water and plant fertilizer. Read the instructions on the fertiliser
pack carefully. ~ Make sure that you design a “fair test”! What factors would you have to
control?

When you think you have got an answer to your original problem what other questions
could you ask about this system which you might be able to investigate?

'I

Figure 5.2: The “Green Streams” investigation

(ii) “Factor X”
“Factor X” was part of the year long practical programme for the students in
all three phases of the research project from 1993 - 1995. The investigation

called “Factor X” was adapted from a similarly named investigation
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designed by Gayford (1989) during his research into the factors affecting
students' effectiveness at carrying out investigations. The investigation
“Factor X” was adapted so that its underlying concepts fitted more directly to
the section of the New Zealand Year 12 Biology course related to factors

affecting enzyme controlled reactions.

How much Factor X?

Imagine that you are working for a company that extracts substances from living
material.

You are asked to find two good sources of a substance called Factor X It is known that
Factor X occurs in a wide variety of living things. Previous investigations have shown
that Factor X occurs in potatoes, celery, broccoli and carrots.

A simple test for Factor X is to pour a small quantity of hydrogen peroxide on to the
material which is thought to contain Factor X. A foam is produced. The amount of
foam produced indicates how much Factor X is in the material.

Your job is to find the best two sources of Factor X, in order, from the four given
plant materials.

Your employer wonders if it may be possible to preserve the plant material by heating
it to boiling point so that it can be stored until it is required. Does this heating affect
Factor X?

You will need to tell your employer the reasons for your decision. You do not need to
worry about extracting Factor X. You are provided with the plant materials as well as
some apparatus which should be helpful.

HINT: Remember to carry out a “fair test”. You may need to consider the amount of the
living material which you use and the surface area of this which will react with Factor X

Adapted from Gayford, C.: 1989 Journal of Biological Education, 23 3.

Figure 5.3: The “Factor X “ investigation

Following analysis of the 1993 students’ approaches to the initial “Factor X”
task, the degree of difficulty of this investigation was increased. The
students were required to identify two sources of “Factor X”, in order, rather
than to simply identify the best source. Thus the students were required to
make more detailed and accurate measurements. The altered investigation
was thoroughly trialed with pre-service science teachers and discussed with

the teachers involved in the research project.
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The teachers and the researcher had also concluded that, with all the
investigations, the 1993 students did not link specific investigative tasks to
relevant prior knowledge. Nor did they consider a wide range of factors
which could possibly influence the results of their practical work. The
students had also been slow to indicate, with exactness, any equipment they
might use and measurements they might take. Therefore, in 1994, three
additional questions were added to the task sheet and organised to fit
beneath the task on one side of an A4 sheet, in order for the students to
have easy reference during the design stages of the investigation. The three
additional questions directed the students to consider relevant background
theory, to identify relevant variables and to identify appropriate types, and
degree of precision, of measurement. These three additional focussing

questions were added to all investigative task sheets from 1994 onwards.

The investigation called “Factor X” has been carried out by many groups of
students during the intervention phases of this research project over the
years 1993 to 1995.

In 1993 eighty-four Form 6 Biology students completed all aspects of this
particular investigation, working with four teachers. These students
completed a worksheet for the investigation and their teachers filled in
teachers comment forms. The researcher personally observed the
investigation process in two of the classes. The teachers were interviewed
by the researcher following the investigation. A follow up discussion took
place between the researcher and the students from two of the classes

involved.

In 1994, one class of 30 students was observed carrying out this investigation.
The students also filled in a detailed worksheet for the investigation and,
immediately following the investigation they completed a lesson
evaluation form. The teacher completed a teacher’s comment form and was

interviewed by the researcher.
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In 1995 students from 21 schools around New Zealand were involved in a
year-long project on open investigative work and during this time they
completed the investigation “Factor X”, using the tasksheet, student
worksheet and lesson evaluation forms provided by the researcher. These
task related student writings were returned to the researcher at the end of

the year by the teachers.

“Factor X" was not carried out at a comparable time of the Biology
programme for all of the students involved in the research project. Some
students had had considerable introduction to the theory of enzyme
function before they engaged in the task and others carried out the task
without any recent review of enzyme function. These differences occurred
across years and for classes within a year. The different student experiences
are explained in detail in Chapter 6, Section 3 prior to the analysis of the data

derived from this phase of the intervention.

(iii) “Sweet Export”
The “Sweet Export” investigation was designed by the researcher and
included in the intervention in 1994 and 1995. It was carried out by the

students during the first half of each of these years.

Ir Sweet Export

A fruit exporter wishes to export apples to a country where he knows sweet
apples are preferred. You are employed to select from five different
varieties of apples the two that contain the highest sugar content.

Information: A number of different glucose solutions were tested by boiling
with Benedict's solution. They were found to change colour at different
times and to produce different coloured results: some turned green, some I
orange and some brick red.

Hint: Remember to carry out a fair test. For quantitative results heating your
solutions in a water-bath will provide more accurate results.

Figure 5.4: The “Sweet Export” investigation

After each investigation and at the end of the year the researcher and

teachers discussed the nature of the investigations and ways in which
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students could be better helped to approach and carry out the set tasks.
There was ongoing development in the design of the investigations and in
our understanding of the ways in which teachers could work with the

students to help them to investigate.

5.3.3 The timing of the research project

The ongoing developmental nature of the research project required trials
over three school years as shown in Table 5.1. The research project was
carried out over the years 1992 - 1996 allowing for preparation, pre-

intervention negotiation and final data collection.

Year Phase of research
1992 Negotiation of research direction with teachers at City High
1993 First intervention at City High.
Data collection Four teachers and their classes trial three open investigations.
Phase I
1994 Second intervention at City High.
Data collection One of the four teachers and her class trial an extended series of
Phase II open investigations.
1995 Trialing of open investigation units by biology teachers and
Data collection students at twenty-two schools throughout New Zealand.
Phase III
1996 Completion of data gathering. Reaching agreement with
regards to data analysis and interpretation with participating
teachers.

Table 5.1 Summary of the three main parts of the research

5.4 People involved in the research

5.4.1 1993 - 1994

The teachers

An invitation was made in May 1992, in the Auckland Science Teachers
newsletter for schools to register interest if they wished to be involved in
ongoing research in the ares of an investigative problem solving approach
to school science. Whilst many schools expressed informal interest two
responded formally. City High was selected because all the teachers in the
Biology department were willing to be involved in the project. City High is
a large co-educational secondary school in an upper decile socioeconomic

status urban area. In 1993 the ethnic composition of the school was
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approximately 80% Pakeha. There was a significant Asian roll and small
numbers of Maori and Pacific Island children. There were four teachers in
the Biology department at City High. Of the four teachers who began the
project three were at City High for both years of the intervention at that
school. One moved to become Head of Science at another school in August
of the second year of the project. All four of the teachers had had more than
ten years experience teaching Biology. There were three females and one
male. (For the purposes of ensuring anonymity the teachers will be referred
to as all female.) In both 1993 and 1994 there were six Year 12 Biology classes
taught by these four teachers. In 1993 four of these classes participated in the
research project and in 1994 one class was linked to the project. The school
had a strong involvement in Science Fairs and one of the teachers was part

of the regional Science Fair organising committee.

The researcher’s relationship with the 1993 to 1994 teachers

In any situation where a researcher enters a classroom (literally or through
the printed medium) the teachers’ response will be mediated by the teacher’s
past experience of, and expectations with regard to, the researcher. This will
. particularly be the case in New Zealand where the number of Biology
teachers is not large and where the researcher had a high profile as the Co-
ordinating Writer for the 1991 - 1993 curriculum development in Science
(Science in the New Zealand Curriculum, Ministry of Education, 1993b).
The participant teachers in this research project had previously related to
the researcher in a number of different roles - as a College of Education
lecturer who frequently visited the school, general biology teaching
colleague, curriculum developer, regional and national Science Fair
organiser and judge, conference presenter and senior Biology textbook
author. It therefore seemed important to acknowledge possible power

differentials in these relationships and to discuss these with the teachers.

The students
Each of the four teachers selected a class to work with them on the project.
Two of the teachers were working with two Year 12 Biology classes but only

one of each of these was selected for involvement in the research project. In
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1993 there were ninety-eight students involved at some stage of the year. In
1994 there were thirty-two students involved at some stage of the year. Not
all students completed the whole academic year at City High. The students
in any one year were aged between 15 and 17 years at the start of the year.
All had sat School Certificate Science as this was compulsory at City High.
Most were studying Biology for the first time with five students repeating
the subject for a second time. The project’s aims and procedures were
explained to the students and all of the students were asked if they wished to
be involved in the project. All agreed. They were given permission to
withhold their personal data (interview, taped discussions and worksheets)
whenever they wished. All student generated data was coded so that only

the researcher and student could identify any student’s particular data.

The researcher’s relationship with the 1993 and 1994 students

The students saw the researcher as a person who had a very real interest in
what they were thinking, something which they saw as different from their
regular teacher's role (see field notes 14/3/94). In time they began to
approach the researcher to tell of some aspect of their work and their
thinking that they thought might be of interest. Some indicated that they
saw their research involvement as a welcome break from the everyday
routine. Sometimes the activity of the students placed the researcher in the
teacher's role. At times the students would ask for help with their work - a
request which was often deflected back to the teacher but at other times a
discussion between the researcher and students ensued which elicited the

students’ thinking and thus generated data.

During the research period the researcher was not aware of any particular
gendered response. It was possible that the more outgoing and outspoken
students were more likely to share their thought and insights. As the
students became familiar with the researcher’s presence in the room and
they became used to having their opinions asked a response was able to be

elicited from all of the students.
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Feeding back research findings to the students promoted a richer response
when their regular teacher absented herself and the researcher could talk
directly to the students about what the data was showing. These
opportunities were used to confirm interpretations and the students came to
accept the researcher as someone genuinely interested in how they
functioned as scientific investigators and with a concern to identify those
aspects of the task that hindered their progress. They were never put in a
position of having personally identifiable data fed back to their teachers -
anonymity and pseudonymity having been explained to them very clearly
and scrupulously adhered to. The 1994 students in particular developed an
easy relationship with the researcher, chatting and sharing aspects of their
lives such as career aspirations, sporting activities, and their responses to
other daily school tasks such as tests. Four of the 1994 students collected data
when the researcher was not in the school - tape recording planning

sessions for investigations and collecting worksheets.

5.4.2 1995

The teachers and students

The teachers involved in this phase of the research project expressed
interest in becoming involved after they had attended a workshop presented
by the researcher during a science teachers' conference (SCICON,
Wellington, New Zealand, September, 1994). More than half of the teachers
at the workshop responded to a request for teachers to become involved in
the ongoing trial and others contacted the researcher individually when
they heard of the proposed trial. These teachers taught Biology at senior
levels in their schools. One had been involved in the earlier intensive case
study trials at City High but had since moved to another school. Of the
initial thirty one teachers who expressed interest twelve were unable to
complete the 1995 trial. Two changed institutions; two were not teaching in
their schools for 1995 - one was offered paid study leave and the other took
up a Ministry contract; in two schools the teacher-in-charge of the Biology
programmes did not have a 1995 class suitable for trialing and thus five
teachers in two schools did not get involved; two did not have a Year 12

biology class in 1995; and one was promoted to administrative tasks and
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"lost” her Year 12 biology class. After the initial setting up period, one
teacher was not able to continue due to other heavy professional
commitments. One teacher has not returned any material nor supplied any
explanation for not completing her involvement. Of the teachers who did
carry out all, or most aspects, of the trial, one was interviewed along with
her student group as well as submitting a formal return, another was
interviewed individually as well as submitting a formal return, and teachers
in twelve other schools sent returns which were partially complete (5), or
complete (9). In addition, informal contact by letter, telephone or personal
conversation occurred during 1995 with the teachers involved in the
project. Written reports came from individual teachers in schools covering

boys (1), girls (6) and co-educational (7) schools.

Formal permission for access to the schools involved in the trial was gained
from Heads of Science, Principals and Boards of Trustees. Ethical
considerations such as anonymity of student, teacher and school were
outlined to all the participating teachers and explained to the schools’

management.

5.4.3 Participant observation or observer participation?

The relationship between the researcher and the participating teachers and
students is a significant aspect of research which takes place in regular
school classrooms. The question as to whether the researcher is carrying out
participant observation, or is acting as an observer who is participating,

arises.

Participant observation requires a total involvement in the activities of the
research situation whereas participation by an observer enables a looser
connection by the researcher with' the situation. Participant observation by
an adult in a secondary school classroom presented a range of challenges
both with regards to data gathering and the analysis of data (Ball, 1985). This
was because the researcher was inevitably identified as an adult and thus
conceptualised by the students as being with the teachers. This had the

possibility of distortion of student accounts with students telling the
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researcher what they thought the teachers would want them to say or, if
they assumed the information they give the researcher will be passed on to

the teachers, what the teachers would want to hear.

To overcome this the researcher visited the classrooms and the wider school
regularly during 1993 and 1994. The researcher took a soft-line position as
participant observer in that the need to be there as an observer was
recognised but the researcher did not feel constrained to ‘share in the
activities of the researched in a direct and complete way’ (Burgess, 1985, p
25). The students and teachers were followed through their classroom
interactions, with note taken of what they did, when, with whom, and
under what circumstances, and the researcher queried them about the
meaning of their actions. In this instance, the researcher was therefore
more of an observer who participated (demonstrator, teacher, helper,
discussant) as required and requested by the students and teacher. Students
frequently asked for help with equipment, report writing, definition of
terminology, and even permission to leave the room - a request which was

immediately redirected to the teacher.

The vast bulk of the 1993 and 1994 observations were done at City High, in
the Biology classrooms or in other school rooms or out in the grounds for
interviewing as available. The researcher also accompanied the 1993 Year 12
students on their ecology field trip and went with the 1994 Year 13 Biology
students as they visited a beach in the initial stages of their small animal
studies. The researcher also met some of the students in unscheduled
meetings outside of the school situation - at the shopping centre or sports
field. Some did talk informally about the research at these times. However
the work with the 1993 and 1994 students was concerned primarily with
their student lives within the Biology classroom and that principally when
they were engaged in practical work. It was a study largely restricted to

within the institution.
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5.5 Types of data

The data gathered from the various educational settings where investigative
practical work was being introduced was descriptive in nature rather than
experimental, correlational or causal. The gathered descriptive data were
both qualitative and quantitative. The gathering and analysis of both
qualitative and quantitative data provided a richness of material to support
the interpretivist aim of ‘understanding the complex world of lived
experience from the point of view of those who live it’ (Schwandt, 1994, p
118).

Qualitative aspects of the research

Those aspects of the research project that define it as qualitative (Burgess,
1985) are, firstly, the researcher worked in a natural setting (Lincoln and
Guba, 1985), that is, regular Year 12 Biology classrooms. Secondly, aspects of
the intervention were designed and redesigned as a result of the students
and teachers’ interactions with them. Thus the research methods were
flexible and allowed for the formulation, reformulation and modification of
concepts as the collection and analysis of the data proceeded. Thirdly, the
research was concerned with ‘social processes and with meanings that the
participants attributed to the contextual classroom activities and situations’
(Burgess, 1985, p 8). In addition, data collection and data analysis occurred
simultaneously with categories and concepts being developed during the
course of the data collection in the manner of grounded theory approaches
(Glaser and Strauss, 1967).

Quantitative aspects of the research

Within the limitations of the number of students carrying out practical
investigations, procedures for the gathering and analysis of numerical data
were used to establish patterns of responses such as degrees of confidence
with respect to carrying out investigations, or the degree to which students
had shared understandings of aspects of investigating, such as validity of
their gathered data. Such information was used to provide perspectives
from which to analyse the qualitative aspects of the research. Similarly

findings from a large scale questionnaire of Auckland science teachers’
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attitudes to, and understanding of, a problem-solving approach to practical
work (see Appendix F) formed the basis of the questionnaire used early in
the project to find out the attitudes of the teachers at City High to such an
approach.

5.6 Data collection techniques

The principal data collection methods for this research project were
classroom participant observation, interviews and the completion of written
reports such as work sheets and questionnaire forms by teachers and

students. Each of these is addressed in turn.

5.6.1 Classroom observation

During 1993 and 1994, data were collected through the processes of
observation as detailed by Burgess (1985, p 2). Such observation included
genuine social interaction (Ball, 1990), direct observation, formal and
informal interviewing, some systematic counting, collection of documents
and artefacts, minuting of meetings and audio recordings of classroom
- activities. It was also characterised by open-endedness in the direction that

the study took.

The researcher observed each of the 1993 City High teachers and their classes
at least once a week, for most school weeks, during the 1993 intervention
phase and the 1994 teacher and her class at least twice a week during the 1994
intervention. During the observations the researcher kept field notes and
some of the lessons were audio-taped (see Appendix C for research audit
trail and Appendix D for details of transcripts). The researcher only became
a participant in the classroom activities when asked by the teachers or the
students (Tasker and Osborne, 1981). In the early stages, field notes were
taken about a wide range of classroom activities in order to build up a
general picture of classroom interactions. Eventually the focus of the
observation became narrowed to the identification of the teachers’ and
students’ interactions as they were involved in an investigative approach to

practical work. Field notes included verbatim speech when possible.
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Audio-tapes of classroom interactions supported early observation notes,
with note-taking easier as the researcher became more familiar with the
students” names. All classroom transcripts were transcribed by the
researcher, with this difficult and time-consuming task made challenging by
the intrusion of background noise and quiet student responses. Field notes
were read and analysed as soon as possible after the lesson and additional
comments added to them or referenced in the researcher’s reflective diary.
Observations were shared and discussed with the teachers and the students
and often formed the basis for decision making about the next phase of the

research.

5.6.2 Written documentation
During the course of the research written documentation was gathered

through questionnaires, student work sheets and teacher comments’ sheets.

Questionnaires
Three questionnaires were used to quickly gather base-line information
about a variety of variables relating to the carrying out of practical

. investigations in Year 12 Biology classrooms. These questionnaires were

e A investigative process confidence questionnaire (see Appendix E). This
questionnaire asked students to indicate their confidence regarding
fourteen aspects of investigating. It was administered both pre-
intervention and post-intervention with all students in 1993 and 1994
and with students in some of the 1995 schools. (The questionnaire was
trialed prior to its use. This trial involved twelve students from a Year 12
Biology class at another Auckland secondary school being asked to
complete the questionnaire and immediately following this they were
interviewed by the researcher regarding the phrasing of the items and any
difficulties they experienced when answering the questionnaire.) At the
end of each questionnaire completion the students also answered some
more general questions about their response to investigative practical

work.
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* A questionnaire used to elicit the 1993 - 1994 teachers’ perceptions of the
advantages and difficulties of an open investigative approach (see
Appendix G). This was developed from findings of a questionnaire
which had been responded to by 256 Science teachers in Greater Auckland
in 1991 (see Appendix F). The teachers were asked whether they strongly
agreed, agreed, disagreed or strongly disagreed with statements regarding
the perceived advantages and difficulties of an open investigative

problem-solving approach which had been listed by the 256 Auckland

Science teachers.

e A 1995 teacher questionnaire response form used to gather information
regarding their response to the introduction of open investigative
practical work (see Appendix H). The questions in this questionnaire
were developed after extensive analysis of data gathered during 1993 to
1994 and reflected the major concerns and outcomes arising from the
earlier phases of the research project. The teachers had the opportunity to

make a free response to the given questions.

Other written documentation

During all three intervention phases the teachers and the students were
asked to document aspects of the practical investigative work they were
doing. These included the completion of student planning forms by the
students when they were carrying out investigative practical work; the
completion of teachers’ response forms for each investigation detailing the
context of the investigation; and the students’ completion of evaluation
forms after each investigation [see Figures 5.5 (i) - (iv)]. The actual forms
included spaces for written comments. Aspects of the written
documentation were elucidated and elaborated through follow-up

interviews with the teachers and their students.

The Teacher’s Investigation Comments’ Sheet is shown in Figure 5.5 (i).

This was completed by the teachers at the time of the investigation.
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TEACHER'S INVESTIGATION COMMENTS’ SHEET

Name of investigation ..............cccooiiiiiiiiiiiianii

Teacher's Name: School:
A. The students in this class have
* studied the relevant background theory for this investigation Yes/No
* previously carried out a related investigation Yes/No
If "Yes" what was the source of the investigation?
Life Science text/ Form 6 Bio Prac Guide/ Other (please name)

B. Before the students carried out this investigation I had told them about:

C. While the students were carrying out the investigation we discussed in whole class
situations:

D. When the students were carrying out the investigation I found myself having to talk
to individuals about:

E. The learning outcomes from this investigation included:

F. My comments about what the students did and their response to the task:

Figure 5.5 (i): Teachers’ investigation comments’ sheet

Students completed personal planning guide sheets for each investigation.
Auxiliary questions designed to help the students focus on different aspects
of the task were added to the original students’ task sheet and were later

developed into a planning guide sheet shown in Figure 5.5 (ii).

STUDENT PLANNING GUIDE SHEET
"Things I need to think about"

What am I trying to do or find out? (Rewrite this in your words)

Background theory?
Is there any background theory I ought to consider? If so, where could I find out about it?

Variables

What variables do I need to think about? What is going to be the independent variable
(i.e. the one I am going to change (manage)? What is the dependent variable (i.e. the
one that I am going to measure changing)? What variables am I going to have to keep
constant or unchanging (i.e. which ones am I going to control)?

How am I going to make sure that I am carrying out a "Fair test"?

Measurements

What sort of measurements will I need to do? What equipment will I need? How often
will I need to take the measurements? How many times should I repeat the experiment?
Will I need to draw up a table for my results?

Reporting

Who am I reporting my results to? How am I going to report my results? Will 1 need to
draw any diagrams (graphs etc)? How much background information will I need to
include in my report?

Figure 5.5 (ii): Student planning guide sheet
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As well as planning the investigation as individuals, students were
asked to complete a plan for the investigation as a group. The group

report sheet is shown in Figure 5.5 (iii).

STUDENTS” GROUP REPORT SHEET

Name of investigation:

Student's identification:

I am working with:

In our own words this is what we are trying to do:

Our hypothesis is:

Our group plan:

Changes we made to our plan during the investigation:

The data that we collected:

Our report to ......cceceeeeeeevevevereneneend (Fill in who this report is written for)

Figure 5.5 (iii): Students’ group report sheet

In order to find out if the Year 12 Biology students who were participating in
the research project were able to recognise the effectiveness of the
~ procedures they had used during their investigations, the students in the
1994 and 1995 research projects were asked to evaluate their work. At the
completion of each investigation individual students were encouraged to
write down their thoughts and feelings about the lesson to give them the
opportunity to think and write about how, and what, they were learning and
to encourage them to more readily monitor their own learning. They were
asked to focus on what they had learned during the practical session and
what made it easy or difficult for them to learn about the process of carrying
out investigations in Biology. The student lesson evaluation sheet is shown

in Figure 5.5 (iv).
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STUDENT LESSON EVALUATION SHEET

Name (or code):

Date:

When you write an evaluation of a lesson you write down your thoughts and feelings
about the lesson. It gives you the opportunity to think and write about how you learn and
to monitor your own learning. In particular you should focus on how you learn during
practical sessions and what you feel makes it easy or difficult for you to learn about the
process of carrying out investigations in biology.

Title of investigation:

Some questions for you to answer at the end of the lesson are:

How well do you think you carried out the practical work?

When you were carrying out the practical work what more would you have liked to have
known?

What do you think you have learnt today?
How valid do you think your results are? Explain your answer.
Do you have any questions about things you don't understand yet?

Do you have any more comments to make about today's lesson?

Figure 5.5 (iv): Student lesson evaluation sheet

A cautionary note regarding the written evidence relating to the
intervention tasks

For each of the investigative tasks, students and teachers completed
accompanying written tasks as detailed above. The 93 - 95 students’ and
teachers’ responses on these planning and reporting worksheets have been
analysed as a indicator of the teachers’ and students’ thinking and
understanding at the time they were completed. It must be acknowledged
that when students report their planning, findings and conclusion in
written form, they may not present all of their knowledge for scrutiny.
There is evidence that this is so when written reports and audio-tape
transcripts of the same episode are compared. Students did not always put
all the information they had down in writing. For example when students
were planning for the “Green Streams” task one boy clearly asked the self-
appointed scribe to ‘... put insufficient knowledge to test pH levels’ but on

the written sheet this was translated as 'didn't know how to test' (93T3
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students). The incomplete nature of presented written material is also
illustrated by the following conversation from a “Green Streams” task

related transcript:

S1 Take two artificially cultivated samples of ...

S2  Spell it, take..

S1 Artificially .... [not spelling, just repeating]

S2 Why not just say samples ... [which is written down]
93T3 students

In addition, when planning ability was scored, analysis of the 'group scores'
and individual scores of the members of the group indicated that in some
instances the group plan scored lower than the plans from some, or all, of
the individuals in the group. It appeared that this was partly determined by
the group member who had most influence over the group decisions, as was
indicated by the students. In several cases a workable plan was rejected in

favour of a less rigorous design.

5.6.3 Interviews

As well as requiring the participating teachers to complete pre- and post-
intervention questionnaires and task linked comments’ sheets, the
researcher regularly interviewed the City High teachers throughout the two
intensive stages of the intervention at the school and the transcripts from

these interviews formed another data source.

The purposes of the interviews were to acquire information, to test
interpretations of observed data and to enable greater shared understanding
between the researcher and the participant teachers. The procedures used
followed those outlined in Bell, Osborne and Tasker (1985). Focus questions
within a semi-structured format were used during formal interviews to
allow for discussion of emergent issues (see Appendix I). The teachers were
provided with a copy of the focus questions before the scheduled interview.
In addition, informal, variable length, discussions occurred before and after
teaching sessions and were unstructured. Such conversations often took
place as we were walking between the staff-room and classrooms and notes
regarding these were jotted down as soon as possible afterwards. Semi-

structured group interviews of students were used to clarify developing
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interpretations and to probe for further understanding of patterns arising

from written reports and questionnaires.

5.7 Sources of data

Table 5.2 summarises the main sources of data. For each year of the data

collection period the main focus of the research is indicated, the research

activities are described and data collection methods are listed.

TIME FOCUS OF DESCRIPTION OF RESEARCH DATA
FRAME | RESEARCH COLLECTION
1992 Research Preparatory stage I: planning, literature review
question and establishment of research programme at
3and 4 City High
¢ Requested registration of interest in ongoing e Departmental
research Meeting audio-
tapes
e First departmental meeting at City High - initial
discussion and negotiation of intervention e Pre-intervention
uestionnaire
¢ Administered first questionnaire to teachers at City teaatghf;)srr;tfc&\ﬁy
High regarding their attitudes to problem-solving i
and open investigative practical work
¢ Interviewed teachers who were to be involved in * Interviews
1993
1993 Research First intervention at City High: March -
questions November e Classroom
land 2 e Researcher in classrooms of four teachers observation
¢ Interviews
teach
e Trial of student confidence questionnaire at second (teac ?rs) .
school ¢ Questionnaire
response forms
from students
¢ Formal interviews with the four teachers e Student
worksheets
* Administration of confidence questionnaire and ¢ Student group
planning task (“Green Streams™) interview audio-
tapes
« Observation of students carrying out investigations | ¢ Teachers
investigation
response forms
¢ Observation and participation at Biolog¥l e Departmental
departmental meetings - discussion of gathered data, meeting audio-
further negotiation of intervention tapes
¢ Biology
o Gathered biology education support material from education-
teachers support material
Nov 1993 Review and Preparatory Stage II Confirmation of
. . - data interpretation
- Feb 1994 ¢ Planning for second intervention phase by participating
teachers

Table 5.2: Summary of data collection methods
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¢ Follow up discussions with City High teachers and
2 of 1995 teachers

¢ Confirmation of data interpretation by participating
teachers

TIME FOCUS OF DESCRIPTION OF RESEARCH DATA
FRAME | RESEARCH COLLECTION
1994 Research Second intervention at City High: February -
questions December
1,2,3 and 4 e Researcher in classroom of one of 1993 teachers Classroom
observation
e Formal interviews with the four teachers g:::g:g::’:n d
students)
* Administration of student confidence questionnaires Questionnaire
response forms
* Students carrying out investigations Student
worksheets
¢ Departmental meetings isr:?grfr?;gg:%io—
tapes
* Interviews with Year 13 and Year 12 Biology Teachers
students investigation
response forms
¢ Information from TRCC course Departmental
meeting audio-
. tapes
¢ Ongoing feedback of data by researcher to .
participating teachers and planning sessions Eéct’xlgagt%'on-
support material
* Gathered biology education support material from
teachers
* Collected Education Review Office report for City
High
¢ Reading report of findings from parent
questionnaire
Nov 1994 Review and Preparatory Stage I11
| - Feb 1995 ¢ Planning for third intervention phase Interpretation of
- Preparation of 1995 Teachers’ Guide package 1993 data
- Carrying out entry procedures Confirmation of
- Distributing 1995 package to schools data
interpretation by
participating
teachers
1995 Research Intervention III: Evaluation of the developed Classroom
questions classroom materials across a wider school base observation
1,2,3and 4 ¢ Maintaining contact with 1995 teachers {2;2‘;"‘3‘” audio-
¢ Interviewing teacher and students in one school 3:;322:2?;?5
Student
¢ Interviewing City High teacher (T3) worksheets
Teachers
e Collation of 1995 teacher and student data ;:;’;;gg:;g’;\s
Teacher
questionnaire
response forms
1996 Completion of data gathering

Interview tapes
and field notes

Table 5.2: Summary of data collection methods (cont)
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Data were sourced and gathered in a variety of ways which included:

A.

Transcriptions of tapes of teacher interviews (12 in total); departmental
meetings (3); formal interviews with other science educators (2); class
room proceedings (16); Year 13 Student group interviews (2); Year 12

Student group interviews (7); student groups planning investigations
(14);

Questionnaire of 256 Auckland science teachers regarding the inclusion
of problem solving in their teaching programmes and the linked follow-
up questionnaire of the four teachers involved in the 1993 intervention

- both early 1993 and at the end of 1994;

1995 teachers responses to "Open investigative practical work in Level 7"

package;

Collected handouts detailing assessment of investigative work at 1993 -
1994 school;

Researcher’s classroom observations in researcher’s classroom field note

book over the period of March 1993 - October 1994;

Researcher’s diary kept over period of intensive classroom visiting -
includes additional notes relating to the research context which arose
from the researcher’s reflection about the context and activities which

had been observed;

Student pre- and post-intervention questionnaires regarding declared

confidence at carrying out investigative work - 1993, 1994 and 1995;
Student evaluations of their handling of investigations and their

learning - available for all of the research linked investigations in 1994

and from some of the 1995 students;
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Teacher response forms detailing prior learning and students handling

of investigations - for 1993 to 1995;

Student questionnaires re value of open investigative work at the end of

the intervention phase - 1993 and 1994;

. Results of mid year assessment of investigative skills for 1994 class 1994

including photocopies of student work and copies of marking comments

made by the teacher;

Student worksheets for the open investigations carried out during 1993

and 1994 - individual and group planning sheets:

1993 Green streams (beginning and end of year)
Factor X
Water efficient plants

1994 Green streams (beginning and end of year)
Sweet export
Factor X
Potatoes for dinner
Photosynthesis
Plants for dry conditions (originally Water Efficient Plants);

. Student worksheets for the open investigations carried out during 1995 -
individual and group planning sheets from students in some of the 1995

schools;

. Other documents accessed for information

1993 and 1994 student sixth form (Year 12) certificate grades for City High
Biology students;

Ministry of Education materials including Science in the New Zealand
Curriculum (Ministry of Education, 1993b), Biology in the New Zealand
Curriculum (Ministry of Education, 1994) and Investigating in Science
(Ministry of Education, 1995)

Education Review Office assurance audit of 1993 - 1994 research school.

Parent questionnaire carried out by City High in 1994
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5.8 Issues of validity

An interpretivist research methodology conceptualises the world being
researched as socially constructed: both the researcher and the participating
teachers construct their own knowledge and reality. Within a social
construction of reality theoretical perspective, all knowledge claims are
dependent on the ‘process, assumptions, location, history and context of the
knowing and the knower’ (Altheide and Johnson, 1994, p 499). If one holds
this view of knowledge, then validity, Altheide and Johnson argue, depends
on the readers of the research and the goals of the research and may be quite
different for different audiences. However, they also identify four general
criteria of quality for interpretive research: plausibility, credibility, relevance
and importance of the topic. If a report is plausible and credible then its
findings will appear convincing and probable. Its readers will find its
findings acceptable and relevant, and its topic will appear to have
considerable importance for their context. However there may be challenges
to the validity of the findings from an interpretivist research methodology

- from other sources. These will be addressed next.

5.8.1 Threats to the validity of the research findings

Threats to validity of the findings of this research project, as seen from a
traditionally positivist viewpoint, include the lack of pre-conceived
hypotheses, a concern regarding the emerging and developing nature of the
data gathering and analysis, and a possible lack of objectivity regarding the
research design and data gathering. There is also concern regarding the
small number of participating teachers. These concerns and the manner by

which they were addressed will be considered in turn.

Working to pre-conceived hypotheses is not in the nature of interpretive
research in that interpretive research does not set out to test a pre-conceived
hypothesis but develops as an ongoing synthesis of observation and review
of academic literature (Wainwright, 1997). In addition when negotiated

intervention sets the framework of the research directions, the data analysis
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and evaluation design is necessarily emergent rather than preset. The
validity of the findings becomes dependent on the evaluator’s expertise or
educational connoisseurship (Eisner, 1979). The practice of reflexivity (Carr
and Kemmis, 1986) involving a sceptical approach to the testimony of the
participants and to the development of theory can enhance the validity of
both the synthesis of observation and review of academic literature and the

design of the research.

Research whose goal is the revealing of the participants’ views of reality
(Lather, 1992), and which relies on descriptive approaches such as
interviews and observation for much of its data gathering, may be
considered by some to be less objective than other approaches (Borg et al,
1993). However, a totally objective viewpoint can only be gained if there is a
high degree of detachment on the part of the researcher, a situation which
may not be desirable if a researcher is to gain access to information other
than superficially. It is doubtful that data is ever totally objective. The
researcher deliberately interacted with the participants in the study -
allowing modification of data collection methods and a shared analysis and
interpretation of the gathered data. In this research project, relevant themes
and patterns became the focus of more intensive or focussed observation, or
interview, in later stages of data collection. The concern was with the
validity of the information collected, whether it represented the genuine
and carefully thought-through views of the person, rather than with the
representativeness of the person’s thinking to the general population of

biology teachers.

One approach to strengthening the validity of such research was to report on
the multiplicity of perspectives of the social reality in any setting and to
indicate the researcher’s perspective. In the research report, direct quotes are
used to describe the ‘individual’s phenomenological reality’ (Borg et al, 1993,
p 199). It is through these quotes that the individual’s constructs of the
events in the classroom context are expressed - although these may be

mediated by minor editing, as indicated, by the researcher.

126



For interpretive researchers working with descriptive data, it is
inappropriate to apply quantitative criteria of validity such as the number of
the participants or the number of times the data is analysed by independent
researchers. It is the quality of the insight from people who have a direct
involvement which is important rather than the number of people who
hold that view. As noted above it is also the quality of the researcher’s
reflexive perspective which will influence the validity of the reported
findings. The chosen research report format is one of a ‘narrowing and
expanding focus’ where the analysis moves between specific observation
and consideration of broader issues to make the research process more

apparent and allow for validity to be more clearly assessed (Wainwright,
1997).

5.8.2 Measures to increase validity of interpretive research
findings

The validity of the methods and interpretations of this research project was
strengthened through the gathering of data from multiple sources and by
establishing a chain of evidence between interview questions and
observations, and between the data collected and the conclusions drawn.
The teacher participants reviewed the gathered information and had the
opportunity to alter transcripts before analysis began. They also had the
opportunity to discuss and respond to the data analyses as they were
developing. The data analyses were not significantly disputed by the
teachers. Rival explanations of the significance of data were explored with
the teachers. The researcher kept a research diary which was both for self-
reflection and a record of remembered incidents, and additional
information which came to hand outside of the classroom and interview
situation. Careful records were kept and information regarding the
procedures used to gain access to individuals or events were filed. The
questions used to prompt semi-structured interviews are on record (see

Appendix I).
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5.8.3 Selectivity in research

Allegations of bias are common in the social sciences (Hammersley and
Gomm, 1997). Bias can refer to a the way in which a particular point of view
can make a difference in the way one observes and makes sense of a specific
situation, or it may refer to a systematic error, especially that ‘deriving from
a conscious or unconscious tendency on the part of a researcher to produce
data, and/or to interpret them in a way that inclines towards erroneous

conclusions which are in line with his or her commitments’ (ibid , abstract).

Bias can also result from interactions between participants and researcher.
Opportunities for the researcher to influence findings exist in any case study
research where the sample size is small and the relationships between
researcher and participants is frequent and close. In addition, participants
may not report fully to the researcher if they perceive that the information
given may display them in a negative light (Borg et al, 1993). Possible
sources of perceived power relationships between the researcher and the

participant teachers have already been presented in Section 5.4.

5.8.4 Validity issues and data gathering

Validity issues, which are the focus of this section of chapter 5, are addressed
in more detail for the four data gathering techniques used extensively
during the research project The four data gathering techniques were

questionnaires, worksheets, interviews and direct observation.

Questionnaires

Both student- and teacher-targeted questionnaires were designed to not
include any leading or psychologically threatening questions. The subjects
were likely to have the information which was requested. Whilst a
criticism of questionnaires is that they often elicit shallow responses the
validity of this data was strengthened by additional questioning relating to
the questionnaire domains/responses during follow-up interviews.
Additionally the analyses of the student questionnaires were discussed with
the teachers and with students in whole class and small group interview

situations in order to check interpretations arising from these analyses.
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Worksheet completion

Students completed worksheets as they carried out the investigations. Such
worksheets questioned the students regarding the plans they developed for
the investigations, the modifications that they had to make to their initial
plans (and the reasons for these modifications), the findings and their
conclusions. ~ Students were also asked to evaluate their experimental
techniques, conclusion development, the degree of validity of their findings,
to indicate what they had learnt from their involvement and what they still
wished to know. It was to be expected that students would not necessarily
expose all their uncertainties on paper. General classroom observation did
not indicate that the students were attempting the tasks lightly. Some of
this information was available from other sources. Some student groups
taped their planning discussions and these could be cross-referenced to their
written reports. Other follow-up activities such as formal interviews and
informal discussions enabled the researcher to gather broader and more in-
depth data in this regard and thus strengthen the validity of the research
findings.

Interviews

Interviews were used with both the students and the teachers as they were
perceived to be an excellent technique for collecting data with greater depth,
breadth and detail than, for example, questionnaires. The researcher was
aware of the need to avoid subjectivity and bias and used a system of semi-
structured interviews with the teachers in 1993 and 1994 and with students
in 1994. The interviews were set up to be an interactive dialogue with
opportunities for both the researcher and participant to seek shared
understanding (Lather, 1992). Interviews of teachers and students in 1995
and 1996 were more informal and unstructured. The interviewer was the
researcher and all the interviews were conducted by the researcher. This
was deemed necessary so that the researcher could respond quickly to the
information arising from the interview and thus could use tacit
professional knowledge, both as a teacher and a researcher, to help frame

questions during an interview. In addition, the design of the next phase of
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the research, based on information to hand, often formed the latter part of
an interview. The researcher’s personal involvement in the interview also
allowed for data analysis to occur with a full understanding of the interview
context. All teacher interviews were returned to the teachers to enable
checking of the accuracy of recording and transcribing and the researcher’s
interpretation of this data was discussed with the interviewees for teacher

confirmation.

Direct observation

Since the purpose of the observation was that the researcher should learn
the ‘perspectives of the individuals being observed and the context in which
their activities occur’ (Borg et al, 1993, p 118) the researcher was unable to
observe in an inconspicuous manner. While the classroom behaviours
which were observed required both low and high levels of inference the
majority required some level of judgement on the part of the observer. As a
qualitative researcher in a classroom context the researcher drew on her
previously gained expertise to observe and interact with the teachers and the
classroom environment to collect data. As at the beginning of 1993 the
researcher had had 5 years of experience of practicum observation of senior
Biology classrooms as a College of Education lecturer. The researcher
believes that this experience enabled her to understand what she observed
and what she was told. Classroom transcripts and field notes were discussed

with the teachers and students for confirmation of interpretation.

5.8.5 Triangulation of data

Triangulation methods were employed where possible to ensure the
accuracy of the developing story by deriving data relating to an aspect of the
research from more than one source. Multiple sources for data have been
listed above. Other triangulation methods included confirmation of the
data and data analysis by the participants (Hammersley and Gomm, 1997)
and observation over an extended period of time. The extended and
frequent observation of the participating teachers in addition to
interview/questionnaire response addresses, to some extent, concerns

related to ecological validity. That is, the problems arising from drawing
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inferences from what is expressed in interviews, to what people do in

everyday life, when people are ‘expected to behave differently according to

context’ (Hammersley and Atkinson, 1983, p 10).

The direction and refining of the data analysis began with early discussion of
the research questions with the research supervisors and participant
teachers and continued throughout the reading of the written material and

ongoing discussion. In this way the selection of data to observe became more

focussed.

The classification of themes arising from the data analysis and the choice of
quotations to illustrate them raises fundamental issues about the validity of
the choice of the identified themes and the passages selected. There will
remain concerns over whether the researcher has selected only those
quotations which serve to illustrate her particular argument. To counter
this accusation the participating teachers were asked to review all classroom
and interview transcripts and to verify the narrative as it was developed for
this thesis. Follow-up interviews of individual teachers and discussion at
. departmental meetings were also opportunities to check analysis,
judgements and interpretations. Opportunities to check observations of
students arose as they interacted with the researcher in the classroom
situation. In addition, the 1994 participating students were interviewed in
small groups at the end of the 1994 intervention phase, as were a group of
twelve students from one 1995 school. These interviews enabled questions
relating to developing issues to be raised, allowing for clarification and
verification of interpretations. At times, checking observations and
judgement statements with the participants led to an enhancement of the
data since discussions following querying of interpretations often provided

more information.

Constant comparisons between multiple sources of data relating to common
situations were also used for validation of data (Glaser and Strauss, 1967).
As the investigations, which formed part of the intervention, were refined

and again presented to students the interpretations of observed data which
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directed the refinements were able to be checked. Changes to the wording of
task sheets and teacher presentation techniques were able to be checked for

increased clarity of instruction.

Long term and repeated observation enhanced the validity of the
interpretations (LeCompte and Goetz, 1982) by allowing for a comparison of
data from different years and different students and teachers, that is time
triangulation (Cohen and Mannion, 1994). In addition the continued
involvement of the early participating teachers over the following years
enabled reflective checking of data over the three data collection years. One
of the 1993 participant teachers was involved in the 1994 intervention and
another of the 1993 teachers was involved in the 1995 phase of the research.
The long term presence of the researcher in the school setting at City High
has ecological validity implications, in particular from the perspective of the
teachers. Whilst the teachers were involved over several years the students
were largely ‘new’ to the situation with no students in the 1994 cohort who
had been in the 1993 cohort. There were two students from the 1994 cohort
who were also in the 1994 teacher’s Biology class in 1995 and the teacher
reported on these students’ achievements but this 1995 class was not directly

observed by the researcher.

It is not possible to remove all sources of non-validity from qualitative
analysis of data arising from a social situation which is as complex as that
within a school science laboratory. With Ball (1990) this researcher believes
that we should ‘expect different researchers to pick their way through field
work differently’ (p167) as they struggle to find a way through the
complexity of real world classrooms. This researcher agrees with others
who view fieldwork and analysis within the qualitative domain as creative

arts rather than as science (Woods, 1986).

5.9 Ethical considerations
Science education research carried out in classrooms presents ethical

problems for the researcher (Bell, 1992; Tobin, 1992). Questions such as

132



‘Why are we doing the research?” and ‘Whose story is it? need to be asked
and kept constantly in the frame of the data analysis. ‘How reciprocal
should the research be - how can the teachers and students gain from their
involvement in this research?” (Bell, 1992; Brickhouse, 1992). The main
ethical concerns are informed consent, confidentiality and potential harm to
the participants. Ethical considerations and confidentiality issues were
discussed with all participants prior to the intervention at each phase of the

research.

To address the ethical concern of informed consent the general aims of the
research project were discussed with the teachers prior to the beginning of
the study and at times of renegotiation of the research direction. Permission
to gather data in the schools was sought from the teachers, the Heads of
Department: Science, the principals and the Board of Trustees of the schools.
Students had the research questions and approaches carefully explained to
them and were given the opportunity to withhold their individual data and

worksheets.

. Informed consent was also sought with respect to the data and data analysis.
All participating teachers had access to transcriptions and field notes of
classroom observations and to their transcribed interviews. They were able
to make changes to these transcripts. Draft reports and developing theses
were also discussed with the participating teachers, either face to face, or by
mail (in the case of the 1995 teachers) and with follow-up personal
discussion when requested. Findings from each phase of the project were

also shared and discussed with the participating students.

Confidentiality was another ethical concern to be addressed. Anonymity
was protected by use of changed or coded school names and codes and/or
personally selected pseudonyms for teachers and students (New Zealand

Association for Research in Education, 1981).

The minimising of potential harm for participating teachers and students

was also addressed. The question as to how much of the data to make public
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poses difficulties for a case study researcher where the number of
participants is small and in an educational environment where there is an
increasing emphasis on staff appraisal. There is a need to ensure that the
research process or findings do not damage or harm any of the participating
teachers or students (Bell, 1992). Such concerns have led to an awareness of
the unethicality of releasing data analyses into the public arena before the
participating teachers and students have had the chance to comment on
them. In addition, Bell (ibid) proposed that, to minimise any uncomfortable
aspects of change, a researcher may have to become an adviser when
requested, a role this researcher took when asked and which grew naturally
out of genuine dialogue between the teachers and researcher. Such genuine
reciprocal dialogue is the result of the active development of sound ethical
relationships which are seen by Brickhouse (1992) as leading to an

improvement in the quality of teaching, learning and research.

With respect to the question of what to publish there is ‘not a general
solution except one as may be dictated by the individual's conscience’
(Becker, 1964, p 280). The procedures of participant confirmation of data
analyses, a careful consideration of confidentiality issues, and protection of
anonymity will, I trust, enable these findings to contribute to the growing
debate regarding the introduction of open investigations into a secondary

school Biology curriculum without causing the participants any harm.

5.10 The coding system used in the thesis

A coding system has been used for the reporting of data to support the
developing story. Table 5.3 summarises this coding system which is used
when references are made to teachers and students. The source and date of

the data are also indicated.

Examples:

e ‘T3 Interview 29/4/94" indicates a statement by teacher number 3, in an

interview on April 29, 1994;
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e ‘94 Grp2,29/4/94 indicates a statement which occurred during the second
group’s discussion on April 29, 1994.

Field notes and diary notes are indicated by type and the date on which they

were made.
YEAR TEACHER STUDENT CODES
CODES
1993 Year Teacher, Student number eg 93T2,18
School = City High T1-T4
1994 Year Student number eg 9412
School = City High T1-T4 or Year Group [date] eg 94 Grp, 29/4/94
1995
Schools=A -V 95A - 95V Year Teacher code, [student] eg 95B, student

Table 5.3: Summary of the coding system used in the reporting of the
research findings.

5.11 Summary

In this chapter I have outlined the interpretivist paradigm which acted as a
framework for the research project. The educational settings and the people
involved in this research have been described. The research design was
outlined and sources of data and techniques for their collection were
explained. Issues of validity regarding the collection and analysis of data

and ethical considerations have been addressed.

In Chapters 6 - 10 the collected data are analysed in order to reveal the
complex interaction of cognitive and affective approaches and responses
which may occur when an investigative approach to practical work is
introduced to Year 12 Biology programmes. Chapters 6 and 7 explore the
students’ approaches and responses. = Chapters 8 - 10 consider the

introduction from the teachers’ standpoint.
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Chapter 6: Students investigating

6.1 Introduction

In order to address the research question (1) “In what ways can the students’
abilities at carrying out investigative practical work be enhanced?” it was
necessary to observe students who were engaged at this task. In this way, the
researcher and the teachers involved in the research project could identify
aspects of scientific investigation which presented challenges to the students

and attempt to find ways to support the students at their task.

Although the process of carrying out an open investigative task is iterative
in nature, for the purposes of this part of the research project three
particular aspects of the process were identified for intensive observation.
These were hypothesis generation, planning and gathering data. In
addition, the students’ post-investigation evaluation of the quality of their
gathered data and themselves as investigators were also investigated. Data
interpretation and drawing conclusions are also important aspects of the
investigative process. However, these have not been analysed because I was
not able to gather enough first hand or written evidence to support a valid
analysis of these aspects. This was because it was impossible for me to be

present in the school for all of the Biology sessions during the week.

The Biology in the New Zealand Curriculum document (Ministry of
Education, 1994), echoing the New Zealand science curriculum statements,
requires students in Years 12 and 13 to be working towards achieving
curriculum levels 7 and 8. For scientific investigation this involves being
able to

e integrate their scientific ideas and personal observations with the scientific ideas
of others to make testable predictions or to identify possible solutions for trialing

o design systematic tests, experiments, trials and surveys with rigorous identification
and control of variables;

e select and use equipment to make qualitative and quantitative observations
and measurements with appropriate precision;

e carry out procedures to systematically observe and record information and
measurements;

¢ locate and process relevant information using a variety of sources such as
books, newspapers, periodicals, catalogues, indexes and computers
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and to
e evaluate the quality of information gathered and its degree of relevance

e evaluate the reliability and validity of their findings or possible solutions using
statistical procedures where appropriate.

Ministry of Education, 1994, p 38 - 39

Students are not necessarily expected to demonstrate high levels of
achievement with regard to these objectives at the beginning of their Year 12
Biology year. The students in this research project, as a group, and with
respect to each other, would therefore be expected to be demonstrating a

wide range of ability with respect to these achievement objectives.

In Chapter 6 data relating to aspects of students investigating will be
analysed. Section 6.2 focuses on students hypothesising; Section 6.3 presents
the students’ approaches as they planned for gathering data; and Section 6.4
describes the students’ own evaluations of the quality of their gathered data

and themselves as scientific investigators.

6.2 Hypothesis generation

Hypothesis generation and testing has been seen, for some time, as central to
investigating in science (for example, Lawson, Karpus and Adi, 1978;
Glasson and Garrison, 1989). This first section of Chapter 6 explores the
understanding, and generation, of hypotheses by the students in this
research project, using the schema developed by Wenham (1993) as a
framework for the discussion. Changes which occurred, over the period of
the intervention, in the students’ demonstrated ability when generating

hypotheses are also explored.

6.2.1 Students’ understanding of ‘making hypotheses’

Wenham (1993) identified the making of hypotheses as an activity of central
importance in any scientific investigation. He noted that the National
Curriculum in science for England and Wales (Department of Education
and Science, 1991, p 3) encourages students to "hypothesise and predict" and

claimed that:

There is no effective and generally accepted concept of hypothesis in relation to the
investigative work which pupils undertake in schools.
Wenham, 1993, p 232.
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He grouped concepts of hypothesis as (i) hypothesis-as-explanation, when a
cause is proposed for an observed effect, an "I think ... because" statement,
(ii) hypothesis-as-prediction, for example a statement such as "The [Granny
Smith apple] will be [the sweetest]" and (iii) a descriptive hypothesis which
is a simple statement of what is supposed to be the case, for example "[Mud
crabs] prefer [damp conditions]. It is expected that students can produce all
three of these types of hypotheses. In particular it is hoped that students are

able to propose a cause for an observed effect in order to write an

explanatory hypothesis.

Students’ approaches to investigating were analysed through the work of
the twenty-nine students in the 1994 case study class. These students were
asked to respond to the following question in a short pre-intervention
questionnaire. "When scientists are doing investigation or setting up
experiments they often talk about making an hypothesis. What do you
think this means?” Of the twenty-eight students who answered this
question all but three indicated that a hypothesis was either a form of

. prediction or a statement which directed the scientist's attention/activity.

For the twenty-two students whose definitions included elements of a

hypothesis as a prediction, common statements were:

making an educated prediction of the likely outcome of the experiment
9420

what the scientist plans will happen from the experiment. What he/she believes will
or will not happen during the experiment. Thus a hypothesis is written before the
actual experiment is carried out. It is a prediction.

9414

Ten students actually used the term 'prediction’ whilst seven others used
terms such as 'forecast' or phrases such as 'your ideas on the outcome'.
Five students defined a 'hypothesis' in terms similar to 'a statement which
they think that they can prove’ and for the purposes of this analysis they
have been included in the group of twenty-two students who wrote about

an hypothesis in predictive terms.
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Six of the twenty-nine students (that is, not necessarily exclusive of those
who defined an hypothesis as a prediction) focussed on the idea of an
hypothesis as a statement which directed attention to a particular aspect of a

problem and consequent activity regarding the collection of relevant data.

Such responses included:

A statement a scientist makes at the start of an experiment, eg "That all mice that are

brown are smarter than those that are white”. Then the scientist must prove whether
this statement is true or not.
9401

They have some sort of idea what the outcome of the experiment will be so they make
or state a question and try to answer the question in the experiment.
9425

Five students included the idea that scientists carried out ‘experiments to

prove the truth of their hypotheses, for example:

[an hypothesis] is what the scientists think will happen or what should happen. By
doing the experiment they are either proving their hypothesis right or wrong.
9426

[an hypothesis] what it is that you are going to prove or disprove with your
experiment.  Sort of theory what you think is the answer and you try to give (sic)
evidence to support it.

9424

It is interesting to note that only one student confused writing an
hypothesis with an overall purpose for carrying out an investigation and for
another there was confusion with experimental approaches. Only one
student made no response to this question. As might be expected of fifteen
to sixteen year olds commencing their studies in specialist Biology, none

indicated that they had any concept of the null hypothesis.

Unlike explanatory hypotheses which require of the students some relevant
theoretical background, descriptive and predictive hypotheses are often
nothing more than simple informed guesses relating to testable questions.
This facet of hypothesising was emphasised by three students who used the
phrase 'educated guess' and others who wrote about ‘educated prediction’

or 'estimated conclusion'.
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One group of students’ written responses regarding hypothesising was
readdressed during a discussion session led by the researcher with the 1994
case study class (CT 21/2/94). When asked what they based their prediction-
making on, a student responded to the question with one word
"Knowledge" Asked to elaborate, they explained that it was from previous
experimental work. They also conceptualised a prediction as a question that
"you go about answering"”, that it is a "positive statement” and a "statement
predicting the outcome the scientist expects". All of these statements had
been previously noted in the written explanations of 'hypothesis' by this
group of students. When asked to identify previous practice at writing
hypotheses they indicated that they had done so in Geography but did not

refer to their previous study in Science.

6.2.2 Students' demonstrated hypotheses generation

Detailed data regarding hypothesis generation during the research based
investigative practical work (see Appendix ]) was available from the 1994
case study students and from the students in the two classes of one teacher
in one the 1995 trial schools. Four hundred and forty seven cases of

hypothesis generation were analysed - see Table 6.1.

No hypothesis Hypothesis as Hypothesis as Hypothesis as
stated description prediction an explanation
Percentage of
type of
hypotheses 28 12 51 9
stated
n=447

Table 6.1: Overall frequency of hypothesis type stated by the case study
students in 1994 and students from one 1995 school (95P) for the five
investigations carried out in common by the two groups (reported to the
closest whole number)

It should be noted that the categorisation of a student’s given hypothesis as
an explanatory, predictive or descriptive hypothesis was not straightforward
due to the particular wording, phrasing and ideas” linkage in the students’
statements. The categorisation of all of the students’ statements was
therefore completed at the same time and repeated after an interval of time

to strengthen consistency of categorisation.
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Overall, just over a quarter of the students did not state an appropriate
hypothesis when doing their investigations, approximately half gave
predictive hypotheses and close to ten percent gave explanatory or
descriptive hypotheses. For both groups of stydents the most common type
of hypothesis put forward was that of an hypothesis as prediction with the
students stating such hypotheses for approximately 50% of the time over the
two years. However the student groups varied widely in the percentage of

times they produced the other types of hypotheses - see Table 6.2.

No hypothesis

Hypothesis as

Hypothesis as

Hypothesis as

Year stated description prediction an explanation
1994
(one class) 19 24 50 7
1995
(two classes) 31 0 50 19

Table 6.2: Percentage frequency of different types of hypothesis stated by
students from three classes over the period 1994 and 1995 (total n=447)

Since the hypothesis-generation experiences of the students at City High and
- the students at the 1995 school were likely to have been different the data
from these two groups of students has been separately analysed. The 1994
students gave descriptive hypotheses more commonly than the 1995
students (24% of the time compared with none for the 1995 students). The
1995 students were much more likely to offer no hypothesis than the 1994
students (31% in 1995 compared to only 19% of the times in 1994). The 1995
students offered the more sophisticated explanatory hypotheses more
frequently than the 1994 student group. As these students were in different
schools with possibly different amounts of experience in hypothesis
generation in junior school Science such differences in response may be able
to be explained by differences in the students’ past experiences of hypothesis
generation. Differences in the teacher’s preparation of the students for
hypothesis generation may also have influenced the type of student
response. It is possible that the teacher in the 1995 school may have taught
hypothesis generation more explicitly to her students than the 1994 teacher.

However the researcher has no data to indicate if this was the case.
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Data from these 1994 and 1995 students appear to indicate that the context of
the investigation also influenced the particular type of hypothesis which
was furnished by the students. The intervention investigations were linked
with different parts of the Year 12 Biology programme. The 1994 and 1995
students carried out six investigations. “Green streams” was linked with the
ecology section. “Sweet export”, “Factor X” and “Potatoes for dinner” were
linked with the cell form and function section and “Plant cells at work” and
“Plants for dry conditions” were linked with the plant form and function

section of the year’s programme.

The frequency of 1994 students’ production of the three types of hypotheses
as outlined by the Wenham schema over two investigations is shown in
Table 6.3(i) and that for the 1995 students’ in Table 6.3(ii). The full data
relating to hypothesising which was available from these 1994 and 1995
students is shown in Appendix ] (i) and (ii).

Investigation No hypothesis | Hypothesis as | Hypothesis as | Hypothesis as
(Title, date and number stated description prediction an explanation
‘| of student completing

worksheet)
Sweet Export
23/3/94 n=29 3 10 84 3
Factor X (i)
8/4/94 n=31 0 61 39 0

(i)

n=31 74 0 26 0

Table 6.3 (i): Percentage frequency of different types of hypotheses stated by
students for two investigations carried out during 1994 (reported to the
closest whole number)

Investigation

(Title, date and number
of student completing
worksheet)

No hypothesis
stated

Hypothesis as
description

Hypothesis as
prediction

Hypothesis as
an explanation

Green Streams
29/5/95 n=39

39

61

Factors affecting
photosynthesis

8/11/95 n=17

53

47

Table 6.3 (ii): Percentage frequency of different types of hypotheses stated by
students for two investigations carried out during 1995 by students at one
participating school. (reported to the closest whole number)
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The particular type of hypothesis which was produced by the students varied
with the investigation. The particular concept of hypothesis used by
students was also influenced strongly by the wording of the investigation
task sheet. When the investigation task sheet included a causative
statement or suggestion such as ‘Perhaps the concentration of dissolved
carbon dioxide in the water had an effect on the rate of photosynthesis of the
water weed’, a greater number of students responded by writing an
explanatory hypothesis. For example, 61% of students in the 1995 cohort
gave explanatory hypotheses for the investigation entitled “Green Streams”
which included a question to cue the students into possible causes of the
described situation. If the task sheet did not include possible causative
statements the students appeared to be less likely to make explanatory

hypotheses.

To illustrate how the particular context of an investigation can influence
students’ hypothesis generation a more detailed qualitative discussion of
the 1994 students’ hypothesising tendencies for the six 1994 research linked

investigations follows.

Pre-intervention “Green Streams” planning exercise

The task set for "Green streams" concluded with two sentences which read
'Had the fertiliser washed into the stream? Perhaps an increase in the
amount of these chemicals present in the stream had caused the increase in
the number of small plants.. Twenty nine students completed this task at
the beginning of the 1994 year. They were all shown a sample of water
which was very green in colour due to its high concentration of single celled
plant life. Somewhat predictably, since 'cause’ was mentioned in the task
all the students except one included some idea of causation in their
hypothesis, such as “ ... the higher concentration of the fertilizer will make

the stream greener’. The one who did not wrote a descriptive hypothesis:

There is a high level of fertiliser in the stream.
9421
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Of the other twenty eight students, ten linked the colour change with the
solution of fertiliser granules - five linking the change in colour with an
increase in the fertiliser concentration in the stream and five linking the
change in colour merely with the presence of fertiliser in the stream. Five
linked the increase in greenness of the stream with the growth of plants,
and thirteen linked the increase in fertiliser concentration with an increase
in the number of unicellular plants and thus explained the consequent

increase in green colouration of the water.

A cueing statement or suggestion appears to help students to think about a

cause and effect relationship.

“Sweet Export” planning exercise

Another illustration of how the particular context of an investigation can
influence students’ hypothesis generation relates to the “Sweet Export”
investigation. The “Sweet Export” investigation required the students to
select, from five different apple varieties, the two that contained the highest
sugar content. Twenty-eight of twenty-nine 1994 students who completed
. this investigation wrote an hypothesis for this investigation. Thirteen of

these hypotheses were simple predictive or descriptive hypotheses such as:

[I think that] that the Royal Gala and Ballarat will have the highest glucose content.
9401

[I think that] the redder the apple the higher the sugar content.
9403

Comments which indicated that they were bringing past experience to the
task were offered, for example:
Kidd’s Orange and Royal Gala could be sweet (I don’t really know). Granny Smith isn’t

very sweet.
9427

Sixteen of the students wrote a hypothesis relating to the procedure of the

investigation, for example:

The apples containing different amounts of sugar will produce a range of colours when
heated in Benedict’s solution. The ones with the highest sugar content will be brick
red or closer to brick red than others.

9413
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In the case of the “Sweet Export” investigation the students were required to
select the two sweetest brands. The students were given no hints about a
requirement for any particular type of hypothesis and they responded by

producing predictive hypotheses or linking their hypotheses to the
procedure they were to follow.

“Factor X” planning exercise

Another illustration of how the particular context of an investigation can
influence students’ hypothesis generation relates to the “Factor X”
investigation. After an initial session thinking about the task, identifying
relevant theoretical background, variables and suitable measurements as
individuals the 1994 students worked together in groups to plan the
investigation called “Factor X”. There were nine groups. The students were
asked to identify the two best sources, in order, of Factor X (an enzyme) from
four given vegetables. The hypotheses developed by the groups were
descriptive (six groups) and predictive (4 groups). Only one group wrote an
hypothesis relating to the second part of the investigation and this was the
group who wrote a descriptive hypothesis for the first part of the

investigation and a predictive hypothesis for the second:

[Our hypothesis is] that the two with the highest amount of foam have the best
sources of Factor 10. And that heating each substance to its boiling point will affect its
level of Factor 10. We believe ? (sic) that there will be a decrease in Factor X after
being boiled.

9412, 9413, 9414, 9417

Again, all the groups developed predictive and descriptive hypotheses for
this investigation. If they are required to provide explanatory hypotheses it
appears that this must be more explicitly stated. They may also need
reminding to develop hypotheses for different experiments within the

investigation.

“Potatoes for Dinner” planning exercise

One more illustration of how the particular context of an investigation can
influence students’ hypothesis generation relates to the “Potatoes for
Dinner” investigation. In the investigative task “Potatoes for Dinner” the
students were asked to find out if (i) potato juice is isotonic with water and

(ii) if larger pieces of potato would change relative mass less than smaller
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pieces when placed in water over a period of ten or more hours. This was a
group task and in 1994 nine groups completed the worksheet. One group
did not clearly state a hypothesis, simply stating that salt and surface area
affect size. Multiple hypotheses were given by the remaining eight groups
for the two experiments, with only some students clearly indicating which
hypothesis related to which experiment. Nineteen hypotheses were stated,
nine being descriptive hypotheses and ten predictions. Although the
accompanying teacher’s comment sheet clearly indicates that these students
had previously studied the theory of osmosis and had been told about
isotonic, hypertonic, and hypotonic solutions and had discussed the effects
these solutions would have on a cell, only one group moved slightly

towards an explanatory hypothesis as one of their three statements:

[Our hypothesis is] salt will have an effect on the swelling depending on the amount of
salt.

9412, 9413, 9414, 9417

This hypothesis was classified as predictive rather than explanatory since the
explanation did not include any logical reasons for their decision. Again the
students were not indicating that they were considering possible causes for a
. possibly observed effect and thus were not proposing explanatory

hypotheses.

‘Plant Cells at work” planning exercise

An additional illustration of how the particular context of an investigation
can influence students’ hypothesis generation relates to the “Plant Cells at
Work” investigation. When the 1994 students were asked to find out about
the factors affecting photosynthesis by designing an investigation using
single celled plants immobilised in sodium alginate beads, they wrote

hypotheses which were either descriptive, for example:

Light intensity affects the rate of photosynthesis.
9418

or predictive:

I hypothesise that red and blue light will [produce] a greater rate than green.
9414
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There were no explanatory hypotheses and few of the predictive hypotheses
gave a clear indication of the relationship between the rate of

photosynthesis and the factor chosen for experimentation, whether discrete

or continuous.

“Plants for dry conditions” planning exercise

The final illustration of how the particular context of an investigation can
influence students’ hypothesis generation relates to the ‘Plants for dry
conditions’ investigation. When asked to design an investigation to help a
plant supply company to select a plant suitable to withstand dry conditions,
five of seven groups (17 students) of the 1994 students indicated a predictive
hypothesis, making statements about a particular species. The other two

groups (6 students) made tentative explanatory hypotheses linking surface

area and water loss, for example:

[Our hypothesis is] that the lower the leaf surface area (total) the less transpiratz"on
occurs.

9419 and 9420 Worksheet 7/10/94

As with the other investigations it appears that students do not generate
explanatory hypotheses very often. If teachers value explanatory hypotheses
over descriptive or predictive hypotheses it would appear that students
require direct teaching in this regard, and encouragement to do so. If the
investigative task includes causative clues then the rate of given
explanatory hypotheses was higher than it is if the task does not include any
causative statements as clues. Thus the students’ hypothesis generating

response appears to be context and task format dependent.

6.2.3 Demonstrated changes in hypothesis generation over the
period of the intervention

Section 6.2 is focussing on students’ demonstrated hypothesis generation. In
order to find out if a year’s experience of hypothesising had a demonstrable
impact on the students’ ability to hypothesis, the students in the 1994 case
study class were asked to repeat the planning exercise for "Green streams".
This repeated exercise was carried out towards the end of 1994 after the
students had completed the six intervention investigations. The student’s

responses were analysed to establish if any change in their approach to
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hypothesis generation could be observed. As with their beginning of year
response, the hypotheses they formed in relation to this situation were

largely explanatory with only one student making a simple predictive

hypothesis.

However, the underpinning understandings which enabled the students to
write explanatory hypotheses for this investigation was not demonstrated in
their experimental planning to test their predictions. The student pre- and
post- intervention survey worksheets relating to this “Green Streams”
investigation were also analysed to establish the students' changing ability,
over a six month period, at (i) recognising possible causal relationships
between variables and (ii) designing appropriate fair tests to determine these

relationships. This data analysis is shown in Table 6.4.

No recognition of Recognition of | Recognition of relationship
relationship relationship only | and design of a fair test for
(%) (%) this relationship (%)
Pre-intervention 45 48 7
n=29
Post-intervention 46 15 38
n=26

Table 6.4: Number of 1994 case study students who could identify the
relationship between fertiliser concentration and density of single celled
plants and design an appropriate fair test of this relationship

At the end of the intervention almost half of the students’ (46%) reports did
not indicate that they had recognised a causal relationship within this
investigation. This is a very similar proportion to those whose reports
indicated that they had not recognised a connection at the start of the year
(45%). Since so many of the students did not recognise a possible direct
causal relationship between fertiliser concentration and the density of the
single celled plants, they were not able to design a simple technique for
testing this. However, of those that could recognise a causal relationship
between variables, the majority (71.5%) could design a test for the
relationship by the end of the year compared with only 12.5% at the start of
the year.
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Of the twenty-six students who completed the post-intervention task five
explained the relationship between increased fertiliser and the growth of
plants; fourteen the relationship between the fertiliser and the number
(density) of plants; one explained the greenness of the water as a function of
the increase of fertiliser concentration and six explained the colour change
by the presence of fertiliser - see Table 6.5. Two students, now more familiar
with my request that they communicate to the researcher directly on their
sheets if they made changes to their original ideas, explained why they had
One had realised that she had not
actually written a hypothesis but a question, the other changéd her

altered their first stated hypothesis.

hypothesis to match the method she had described.

Percentage of 1994 Percentage of 1994
Relationship identified by students students on pre- students on post-
intervention survey (n=29) | intervention survey (n=26)
Relationship between fertiliser
concentration and growth of 17 19
individual plants
Relationship between fertiliser
concentration and density of plants 45 54
Relationship between fertiliser
concentration and colour of water in 17 4
stream
| Relationship between simple

presence of fertiliser and colour of 17 23
water in stream
No relationship described

3 0

Table 6.5: Relationships identified by 1994 students when they were
formulating their hypotheses for the investigation "Green Streams" - a
comparison between the pre-intervention and post-intervention responses
(percentages reported to closest whole number)

The only notable change in percentage of students making a particular
relationship link occurred for the link between fertiliser concentration and
stream water colour, with fewer students at the end of the year linking
fertiliser concentration in the stream with the colour of the water. There
was a higher percentage of students at the end of the year who made the less
sophisticated linkage of the simple presence of fertiliser and stream water
colour (though in student terms this was only one extra student) and the

total percentage for linkage between fertiliser (both concentration or simple
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presence) and colour of the water in the stream dropped from 34% to 27%.
Thus there appeared to be little change in the students’ abilities to formulate

explanatory hypotheses based on scientific understanding.

The investigations which the students carried out in between the two
engagements with the “Green Stream” investigative task did not contain
explicitly stated causal relationships. It may be, therefore, that these students
had not considered drafting explanatory hypotheses and had little ongoing
experience of doing so. Some students could still not generate predictive
hypotheses at the end of their Year 12 Biology programme. This suggests
that direct teacher interaction with students is required to help students
reach the level 8 curriculum achievement objective which states that
‘students should be able to integrate their scientific ideas, and personal
observations, with the scientific ideas of others to make testable predictions,
or to identify possible solutions for trialing” (Ministry of Education, 1993b, p
44). It is apparent that if students who are investigating are to be able to
write hypotheses from which they can form predictions, the students’
endeavours will require support until they become competent by
themselves. Teachers will need to be working with their students to

mediate the students’ understanding of this aspect of scientific enquiry.

This section of chapter 6 has explored the understanding, and generation, of
hypotheses by the students in this research project, using the schema
developed by Wenham (1993) as a framework for the discussion. The
students demonstrated that they had a limited understanding of the role of
hypotheses and they did not find hypothesis generation easy. Nor did they
find it easy to generate testable predictions from their stated hypotheses.
Their hypothesis generation abilities were both context and task format
dependent. The following section of this chapter examines the students’

abilities as they planned procedures for gathering data.
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6.3 Students planning and gathering data

Once students have formed hypotheses to guide their planning of
investigations, the next step was for them to plan how they would attempt
to find answers to their questions. This section of Chapter 6 examines the
students’ performance as they plan and carry out procedures to help them
answer the questions posed by an investigative task. The ongoing
developmental nature of the tasks, the timing of the involvement of the
school students with these tasks over the three year period of the research
project were introduced in Chapter 5, Section 3. Further information

follows.

The investigation called “Factor X” has been carried out by many groups of
students during the intervention phases of this research project over the
years 1993 to 1995. In 1993 eighty-four Year 12 Biology students completed
all aspects of this particular investigation, working with four teachers, T1 to
T4. In addition to field notes compiled during direct observation of two of
these classes, student worksheets and teachers’ comments forms were
available for analysis. Follow-up interviews with teachers and students
took place. In 1994 one class of 30 students, working with teacher T3, was
observed carrying out this investigation. Student worksheets, the teacher’s
comment form and interview notes were available for analysis. In 1995
students from 21 schools around New Zealand completed the investigation
“Factor X”, using the tasksheet, student worksheet and lesson evaluation
forms provided by the researcher. These task related student writings were

returned to the researcher at the end of the year by the teachers.

“Factor X” was not carried out at a comparable time of the Biology
programme for all of the students involved in the research project. Some
students had had considerable introduction to the theory of enzyme
function before they engaged in the task and others carried out the task
without any recent review of enzyme function. These differences occurred
across years and for classes within a year. The different student experiences

are outlined below.
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(i) 1993

During the 1993 intervention phase of research project, four classes of Year

12 Biology students, working with four different teachers, carried out this
investigation during June and July. The students in two of the classes (T2

and T3) had had some prior introduction to the functioning of enzyme

systems and had carried out related practical work. The other two (T1 and
T4) had experienced neither.

this regard.

See Table 6.6 for the teachers' comments in

T1 T2 T3 T4
Previous exposure
to related theory No Yes Yes No
Previous exposure
to related P No Yes Yes No
practical work
Recent practical Osrtnoslijs - upttatke of | ¢ Starch and saliva | Liver peroxidase None cited
: water otato
experience(s) chips in):fl?fferent * Egg white and
concentrations of | pepsin
salt solution
Information given | * importance of ¢ very little except | ¢ reminded them ¢ mentioned
to students before | <™ ucting a “fair | the theory about the liver enzymes and that
- O test”i.e. the hint enzyme experiment | they would be in
the investigation | wasemphasised the exam
began * read the sheet ¢ that an
through to the investigation
students twice and would be in the
had them take notes exam and that it
would be similar to
the Term 2 project
* mentioned what
makes a "fair test”
and that there were
two aspects to the
investigation
Comments made to | ® continued usual | ¢ told themabout [ * discussed * helped groups
tudents duri teaching approach | measuring froth equipmentneeded | with modifications
students during of presenting of method to lead to
the investigation | questions for * discussed what | ® suggested more accurate
students to Factor X mightbe | collection of gas measurements
consider * suggested
* prepared to stay cleaning of
out of the immediate equipment to
student space prevent cross
contamination
General comments | None cited Mentioned a The students were | Needed to help
student who unable to relate students with
became very excited | previous methodology,

as he recognised for
the first time that he
was thinking

“I'm thinkin% [T2],
I'm thinking!

experimental work
to this task,
students had
difficulty
identifying the
roblem, and
difficulty in
carrying out a
scientific inquiry

students were
insecure, students
needed
considerable help
in gettin
measurable results.

Table 6.6: 1993 teachers' comments regarding “Factor X” - summarised from
the teachers' comments sheets and from interviews following the practical

sessions
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Worksheets from eighty-four individual 1993 students were available for
analysis. In addition teacher comments’ sheets, researcher field notes of
classroom observations, whole class classroom transcripts and transcripts of

groups of students working together at the planning stage of the

investigations were analysed.

(ii) 1994

The 1994 students involved in the case study research project carried out the
“Factor X" investigation during the first week of April, before they had
considered any theory relating to enzymes. Nor had they previously carried
out any related enzyme investigations. During the investigation their
teacher (T3) found it necessary to discuss in a whole class situation matters
relating to the quantity of the sample and the quantity of hydrogen peroxide
used. She also talked to individuals about possible ways of boiling the
samples and whether Factor X would still be in the material after boiling or

whether it may have moved into the water used for boiling (see Table 6.7).

94T
Previous exposure to related theory N
[¢]
Previous exposure to related practical N
work ©
Recent practical experience(s) None cited

Information given to students before the | Nothing
investigation began

Comments made to students during the * quantity of sample to use
* quantity of peroxide to use

Investigation * how to boil sample in water
e solubility of Factor X in
water

General comments The students did well with this

task and were able to obtain
good results

Table 6.7: 1994 teacher’s comments regarding “Factor X"

(iii) 1995
There was a wide variety of timing indicated for the “Factor X” investigation
in 1995, for example, April, July and August. Some teachers did not furnish

this information to the researcher.

For the most part the comments in this section of Chapter 6 focus on

students as they planned for an investigation entitled “Factor X”. In
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addition, the students’ planning approaches to another investigative task,
“Green Streams”, will be discussed to add additional support to the

comments or assertions made.

6.3.1 Students’ as planners of an investigation
The students ability at planning was monitored both during the initial
focussing phase carried out by individuals and during the group planning

phases. These phases are considered in turn.

Planning as individuals

In 1994, 30 students completed the “Factor X” task. These 30 students'
responses to the focussing questions will be considered in turn in order to
demonstrate how the questions intended to provide support to the students
were used by the students in 1994. The focussing questions directed students
to consider relevant substantive concepts, to identify possible variables
impacting on the investigation and to consider what measurements it
would be appropriate to take during the investigation. The students’

responses to these focussing questions will be considered in turn.

(i) Considering relevant declarative concepts

The researcher and the teachers felt that a recognition and application of
prior substantive knowledge could help the students to make decisions
about investigative design and the first focussing question centred on this.
The 1994 students were asked to respond to the question: Is there any
background theory I ought to consider?  The students furnished 21
responses and 9 blank returns to this question. Three students restated, or
closely so, the given introduction to the task and five students claimed that
there was nothing that they needed to consider (one very forcibly - 'No!!!").
The majority of the responses focussed on Factor X (n=8) and, as will be
discussed later, their not readily knowing just what Factor X was, caused
concern to many of the students. Three students considered the possibility

that Factor X was a catalyst. One hypothesised that:

Factor X may be a light speeding up the mixing of the two chemicals - hydrogen
peroxide [and] chemical in sample.
9419
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Three of the 30 students identified that it would be helpful to consider
general chemical concepts such as the specific chemical reactions of

hydrogen peroxide (n=2) or reaction rates in general (n=1), for example:

The hotter the condition for an experiment the fast[er] the reaction occurs.
9425

It is pertinent to note that hydrogen peroxide was not listed in the index of
the Year 12 Biology text that they were using (Relph, Pedder and deLacey,
1986), thus the students were not able to access information regarding

hydrogen peroxide easily.

It may be that the wording of this investigation and the attempt to introduce
a mystery element acted against the students being able to access relevant
declarative concepts that could have helped them in their design of the
investigation. This may have been particularly significant for the second
part of the investigation where an understanding of the nature and function
of enzymes may have helped them to understand better what they were

trying to find out.

(ii) Identifying possible variables impacting on the investigation

The identification of variables and the taking of the decisions as to which to
manipulate, measure or control is an early requirement of an investigative
plan (Duggan, Johnson and Gott, 1996). Hence, the second question that
students were required to address was What wvariables do I need to think
about? The 1994 students' responses to this question are summarised in

Table 6.8.

The amount of the material used, whether measured by dimension or mass
was the most frequently identified variable, followed by surface area of
sample, amount of heat added and the source of the samples. Three of the
students left a blank for this question; two indicated only one variable
needing consideration; twelve indicated two variables; eleven students
indicated three variables and two students indicated four possible variables

needing consideration during the investigation. The reply from two of the
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students demonstrated their confusion regarding the control of variables

with replication and sample size.

Variable identified as Number of students indicating
requiring consideration this variable (n=27)
Amount (size) of living material used 16
Amount of hydrogen peroxide added 14
Surface area of vegetable matter 7
Temperature of samples 7
Amount of heat added 6
Source of samples 4
Consistency of vegetable supply 3
Length of time sample is heated for 2
Freshness of vegetables 1
Amount of Factor X 1

Table 6.8: Variables identified by students as those requiring consideration
during the "Factor X" investigation

Analysis of the students’ plans and reports after they had carried out the
investigation showed that the identification of a variable as requiring
. consideration does not automatically indicate that this variable
identification will be operationalised by the student when he/she is carrying
out the investigation.  For example, in one instance two out of three
members of a working group clearly identified that the size and surface area
of the plant material would need to be carefully controlled but they failed to
consider the surface area during their initial planning. For instance one of
the students in this group commented, in response to the question

regarding variables:

You need to have the same amount of hydrogen peroxide to each plant material. Each
has to have the same surface area, be the same size.
9423

Yet the group plan contributed to by this student gave precise measurements
of amount of vegetable to use in mass terms only and not in volume nor

dimension of the cut piece of the various vegetable:

Using 2 pieces of each of the 4 plant materials (each piece 58) ...
9423, 9424, 9431
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The only indication that these three students finally addressed the question
of surface area during their investigation was given under the heading of
"Changes we made to our plan during our investigation" when they

mentioned that they ‘chopped up the vegies to give greater surface area'.

The different nature of the plant materials and the consequent difficulty of
getting similarly shaped pieces of celery stalk, potato tuber and broccoli
flower head was not reported as being considered by any of the students

even though they were shown the materials in advance of their planning.

The variables which are significant to this investigation were identified in
most instances by fewer than fifty percent of these 1994 students and
identification did not necessarily lead to careful control as the students
carried out the investigation. Hence, teachers may need to increase the time

spent addressing these aspects of investigating.

(iii) Selecting appropriate measurements to take during the investigation

Once the students had recognised the pertinent variables they had to decide
whether to define the variables quantitatively or qualitatively. As a
response to the noticed tendency of the 1993 students to define variables
qualitatively rather than quantitatively the 1994 students' were directed to
respond to the question What measurements will I need to do? Their
responses are summarised in Table 6.9. Three students did not fill in this
section of the table. Of the twenty-seven students who did only seven
indicated any volume or mass measurement units such as millilitres or

grams.

Forty-two percent of students made statements indicating the need to take
some measurements but did not identify the type or level of accuracy of

these measurements. Instead they made more general statements such as:

... measure sizes of samples, measure amount of hydrogen peroxide, measure volume of
foam produced in order to compare them.

9413
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Nearly half of the responses indicated the need for care and precision when
measuring, particularly when preparing the samples for experimentation
and the use of hydrogen peroxide; fourteen students used the words 'same'

or 'equal’ or a phrase such as 'precise measurements ... that don't change'
(9422).

Aspects identified by the students as Numbers of students listing
requiring measurement measurement of this aspect
(n=27)
Amount of hydrogen peroxide used 13
Sample size 12
Foam produced 10
Weight of vegetable samples 4
Surface area of plant material 3
Concentration of foam 1
Heat of flame 1

Table 6.9: Responses of the 1994 case study students when they were asked to
identify measurements they would need to take during the investigation
“Factor X”

As the students in the study were senior secondary school students with
ages ranging from 15 to 18 years these results are of concern. With only
approximately twenty-five percent of the 1994 case study students indicating
measurement units and less than half indicating the need for precision of
measurement it is apparent that these students required more guidance in
this aspect of investigating. The teachers could have usefully discussed this

aspect of investigating with their students.

Refining the plan in groups

After the students had completed their individual plans they joined
together in groups to produce a group plan. In order to supplement the data
available from individual students’ written responses, groups of 2 - 4
students were audio-taped in 1993 and 1994 as they planned the details of
their investigation. ~Four groups in total were taped (T3Gp:30/4/93;
T2Gp:2/6/93; T2Gp:16/6/93 and T3Gp:7/4/94). In addition, following one of

the taped group discussions the researcher interviewed the students in the
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group and asked them what they were thinking as they made their planning
decisions (T2Gp:2/6/93). These tapes have been analysed and the processes
of planning and the dynamics of a group planning exercise are discussed

below. Aspects of the group planning exercise which will be covered are:

(1) Getting started

(i) Identification of variables

(ili) Moving towards precision of measurement

(iv) Designing a fair test

(v)  Gaining consensus regarding the meaning of terms

(vi) Making decisions regarding equipment

(vii) Cooperating as a group at a cognitive level

(i) Getting started

The first aspect of group planning to be considered was how the groups
started to prepare their plan. Of the four groups taped, the first activity of
three of the groups (T2Gp:16/6/93, T2Gp:2/6/93 and T3Gp:7/4/94) involved
sorting out the task. One of the groups (T3Gp:7/4/94) spent a considerable
amount of time discussing this, debating both the task and possible
hypotheses for several minutes. As part of their discussion they searched
. for similarities between the vegetables as a means of establishing a
hypothesis regarding the 'best two sources' of Factor X. When establishing
similarities they used as criteria: level of starch (making a decision that the
two vegetables with the highest starch content were potatoes and carrot);
colour - greenness - thus celery and broccoli; and crispness - thus celery and
potato. Although this group appeared to be using some prior knowledge
here, the discussion was not pitched at any great depth and the decision that
they finally made appeared to be chosen more at random than anything else.
They eventually hypothesised that celery and potato would be the best
source of Factor X because one of the group was 'happy' with the decision.
Another group (T2Gp:16/3/93) collected samples of each vegetable to help
them focus on the task and the hypothesis setting.

Two of the groups considered doing a trial run with the vegetables and
hydrogen peroxide (T3Gp:7/4/94 and T2Gp:16/6/93), with the decision

making process for one of the groups as follows:
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S1 We could just do it first, for one, like have a rough go and see how much it really
makes, like if its going to be piles and it is going all over the place we might have to ..

S2 Cover it [laughter]

S1 Change what we might do. It might go mad!
T2Gp:16/6/93
The teachers working with these students commented that trialing generally

involved testing to see if largish lumps of the vegetable material produced
measurable amounts of foam, how much certain volumes of vegetable
weighed, how much hydrogen peroxide to use and how much foam was
produced per unit mass of vegetable (Teachers’ comments sheets). Research

field notes confirm the teachers’ observations (Field notes 30/4/93, 28/5/93).

One group, only, made a definite link with recent previous practical
experiences. As they were debating about whether the material had to be
ground up, they made reference to a liver - enzyme experiment where they

had been required to grind up the living material (T3Gp:30/4/93):

S1 So did everyone put you cut it up and then you grind it up with a mortar and pestle.
S2 No, no, no. You don’t need to
S3 You don’t have to

S4 Who says you don’t have to grind it up? With the liver experiment we did .. it was
ground up so ...
T3Gp:30/4/93

During their discussion as to how much hydrogen peroxide to use another
group (T2Gp:16/6/93) referred to an experiment that one of them could
remember having done in Year 9 Science when they had used far too much

material with obviously dramatic and memorable results.

For these students, group discussion allowed for a sorting out of some of the
variables which might possibly affect the experiment they were to carry out.
As well as discussion some of the groups moved onto carrying out trial runs
with equipment and materials. This phase of the investigation appeared to
be beneficial as they tried to find out the nature, and degree, of the reactions
which might occur. These early trials appeared to be helpful to the students

as they determined the amounts of materials to use and pertinent
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measurements to take. Accessing prior knowledge also appears to have
been a significant factor in helping these students get started on the task in
hand.

(ii) and (iii) Identification of variables and moving towards precision of
measurement

The second and third aspects of group planning were the identification of
variables and moving towards precision of measurement of these variables

(see Table 6.10 for the transcription of their discussion).

S1 “OK Let’s get one of each so we know what they look like. A

S2 Pour some concentrated hydrogen peroxide on the material and the B
foam is produced.

53 Do we just put it on the outside? How do we do an even thing for all C
the vegetables?

S1 Well, when I was reading it I was thinking about a weight thing D
because if you had a certain weight, like if you take 10 grams of carrot

and ten grams of potato, then you decide with and without skin and

what part of the broccoli

S3 Yes E

S1 The only thing is some have more water than the others but .. F
and later in the discussion

S1 Cos we are going to have a problem here, look, if we don’t squash G
them up the broccoli flowers have got a big sur....

S3 Would occupy far more
S1 than just a lump of carrot. It would make more wouldn’t it.

S3 it would make it more even that just a lump of celery and a cut
surface isn’t enough so let’s go for weighing bits.

S1 Grind and weigh.

S2 Grind and weigh. Do you want me to write it down? H

Figure 6.1: Transcription of a planning discussion within group
T2Gp:16/6/93

Students who looked directly at the vegetables moved quickly into a
discussion of the different nature of the vegetables, for example
T2Gp:16/6/93 examined variables such as the presence of skin and differing

percentage of water content. This led them quickly to ponder the need to
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consider different parts of the vegetables and precision in weighing out the
vegetable matter. This particular group also moved early in their discussion
into a consideration of the effect of surface area and the need for carrying out
a fair test, paying particular attention to the nature of the broccoli flower and

its consequently larger surface area before they ground the material up.

An analysis of their dialogue indicates that they began by employing -a
starting strategy (refer to Figure 6.1 - point A). The first comment of student
S2 is probably referring to the task sheet since on the tape this sounded more
like a question rather than a statement (point B). At point C student S3
considered aspects of surface area to volume ratios and fair testing. Student
S1 then introduced the idea of precisely stating measurement and a
consideration of different nature of vegetable matter (D). He/she received
encouragement regarding the importance of considering these aspects from
student S3 (E). Continuing to reflect on these matters student S1 then
expressed his/her concern regarding the variable nature of vegetable matter
(F) and this led on to their discussion as to how to overcome this variable
nature so as to make fair comparisons with respect to surface area (G). Note
. that 52 who originally read the statement from the work sheet was not

engaging actively in the conversation and continued to assume the role of
scribe (H).

This group's concern to move to precision with measurement and their
early identification of possible variable factors is in contrast to the other
three groups whose discussions were transcribed. The other groups did not
discuss the need for precision in measurement until much later on in their
planning. Even when measurement was hinted at it was often in general
qualitative, rather than quantitative, terms such as ‘add hydrogen peroxide
to each of them' (T2Gp:2/6/93). At times the students consulted both the
teacher and researcher regarding aspects of equipment and materials such as
the concentration of the provided hydrogen peroxide (T3Gp:7/4/94). An
example of lack of consideration of precision of measurement is

demonstrated in this statement:
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First I thought that we should take, like a big piece of the four plant materials and
mash them up ah with a mortar and pestle so that its not like all different sizes and
stuff and then like, start with one, potato, and measure out two equal portions of each.
Like, so you can heat one and keep the other not heated. Like, make it one teaspoon or
something like that ... and add hydrogen peroxide to each of them, record in order of
one to five as to what produces the most foam, like the hot one and the not hot one and
then compare.

93T218 in T2Gp:2/6/93

Not all students or student groups in the research project described amounts
of materials to use with high degrees of accuracy. Nor did they define
carefully the conditions under which to carry out any experiments. Nor did
they move quickly to indicate how precise any measurements of products
needed to be. It would appear that these Year 12 students required direct
instructions and reminders if they were to move to higher precision of

measurement.

(iv) Designing a fair test

Another aspect of group planning is the design of a fair test with
considerations of reliability and validity. Analysis of the 1993 written
records and the transcription of the group discussion for these students
indicated that the students were considering techniques for improving the
reliability of their results. The areas covered in their discussions included
attempts to keep variables as constant as possible. For example, as they
carried out this investigation to find out the best vegetable source of an

enzyme, they talked about:

e whether or not all samples had to have the skin removed;

¢ whether the samples had to be of the same size and weight;

o whether the samples had to be ground up with a mortar and pestle, and
e how much of the hydrogen peroxide had to be used.

The 1993 students also considered aspects of precision with experimental
techniques, for example they considered whether the boiled vegetables
needed to be cooled to room temperature before the addition of hydrogen

peroxide.

The students in all four of the taped groups moved towards designing a

method which included aspects of fair testing, or the identification and
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control of variables. They used terms such as 'same’, 'equal,, 'even’
(regarding size, weight, volume, surface area) and employed notions of
comparison, especially with regard to the need to carry out equivalent
procedures for Part A and Part B of the investigation. One group mentioned
the need to control variables other than those that they were testing. When

asked by the researcher about this they responded with:

Its got to be the same temperature and the same amount of time.
9371217

The same amount of pieces of plant.
93T218

Another group introduced the term 'control' into their deliberations but

unfortunately chose an inappropriate control:

I sort of thought we should use a control for the experiment, like freeze one, boil one and
then leave one of them at room temperature.
93T318

When this comment was disputed by one of the student’s peers and he was
reminded that he had not been asked to freeze one, he replied ‘I know, but
you've got to use a control.” (93T318) indicating his awareness that he
should set up his experiment in such a way as to allow for comparison of

results obtained from situations differing in one condition only.

Uncertainty with the concept of ‘control of variables” was not limited to the
“Factor X” task. Analysis of ten tapes from groups of students planning
other investigations also provided examples which illustrate this
uncertainty. For example one group of students discussing the variables
impacting on the rate of photosynthesis of Chlorella in alginate beads
debated, at length, both the nature and degree of the variables and which to
choose as the independent variable. However, once they had chosen light
intensity as the independent variable there was no more discussion as to
how to keep other variables constant. The possibility, for example, of heat
being given off by the light bulb was not considered by the students (94 Gp,
14/6/94).

However, analysis of audio-tape data from four groups of students designing

the group plan for the “Green streams” task indicated that these students
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had some understanding of the need for careful control of variables and the
use of a control. In one short 10-minute transcript the students used the

term control six times, for example:

Would it be called a control like if, say, we got a sample of the fertiliser and mixed it
with water? .

93T3 students

The idea of controlling variables was often implied, for example, when the
students were discussing how to get plants for the “Green streams”

investigation
S1 No, if you get them from the pet shop ... anything else could have happened to
them.
S2 But at least they are the same ...

S3 They are the same...
93T3 students

A conversation between the students in a group which was planning ‘an
experiment related to the “Green Streams” task showed that, although they
wished to use a control, just how this was to be accomplished, and what

would be appropriate presented difficulties:

S1 I sort of thought we should use a control for the experiment like freeze one, boil one
and then leave one at room temperature.

S2 But you weren’t asked to freeze one.

S1 I know, but you've got to use a control.

S3 Use the one at room temperature.

S2 Yeh, but why freeze it?
T3 Gp: 30/4/93

The discussions of these Year 12 research project students has demonstrated
that, whilst they did have some understanding of the concepts of ‘fair
testing” and ‘control of variables’, they were sometimes uncertain as to how

to operationalise the concepts.

(v) Gaining consensus regarding the meaning of terms
Another aspect of group planning is reaching consensus with regard to the

meaning of terms that were being used. Two of the four groups
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(T2Gp:2/6/93 and T3Gp:7/4/94) spent time discussing the nature of Factor X
with one group returning to discuss this again after they had completed
their experimental design (T2Gp:2/6/93). The uncertainty regarding Factor
X appears to have been a distraction, even though general discussion
initiated by the researcher with the students suggested that they liked the
mystery solving aspect of this task. This concern regarding the unknown
substance is also apparent in post task evaluations with ten of thirty of the
1994 students indicating that they would liked to have known what Facto'r X
was. There is a clear implication for task planners in this response. It may
be necessary to be more explicit about the nature of Factor X, although other
students have definitely stated that they do not want to know what Factor X

is.

Three of the groups (T2Gp:2/6/93, T3Gp:30/4/93 and T3Gp:7/4/94) spent
some time defining terms used before progressing far with their plans.
Terms debated were 'plan’ with the requested 'group plan' being defined as
'the method’, and 'best source' defined as the 'most amount of Factor X per
weight' after a discussion regarding a possible definition as 'cheapest' or 'the
. most available'. One group spent some time in a spirited debate considering

the meaning of 'foam' and 'gas":

S1 (93T312) Listen to this, listen to this. It says here - the amount of foam produced
indicates how much Factor X is in the material .. so we should measure how much foam
is produced

52 (93T325) Not how much gas is produced
$3 (93T318) OK Shh

S4 (93T311) I put - you can measure the amount of foam produced or [his emphasis]
collect the gas in the water bath

S1 No, because it says measure the foam
S3 No, that's not, that’s not an actual thing
S1 The foam is an indicator of the gas given off

S3 That's sitting on the fence.
T3Gp:30/4/93

Further discussion with groups of students carrying out this investigation
also indicated a confusion regarding the concepts of 'foam' and 'gas’. In

1994 we (the researcher and the 1994 case study teacher) asked the whole

166



class during a post investigation evaluation session about the relationship
between foam and gas and, although the number was not audibly counted
on tape, subsequent conversation indicates that there was a confusion for
approximately one third of the students (CT T3 11/4/94). Since this
conceptual confusion appears to have impeded the students as they carried

out the investigation this is an aspect to be heeded by task developers.

(vi) Making decisions regarding equipment

A further aspect of group planning is making decisions about the equipment
the group will use. When the students discussed the equipment that they
would require for their investigation they often made reference to previous
experiments that they had carried out, both during their Year 12 Biology
course and in earlier years at school. For example, Group T2Gp:16/6/93
wondered about adding the hydrogen peroxide to the vegetable matter in a
'little beaker with a balloon over the top' which may be a direct reference to
a gas production experiment carried out in the junior school. Othérs
directly referred to an experiment carried out in the third form. Discussing
the amount of foam that would be produced and hence the appropriate

container for collection they said:

S1 We won't use 200g or a kilogram of the stuff all at once, you mean ...

52 When we did the polystyrene one we didn’t know how much to put in. [laughter]
53 Oh. no it just goes mad doesn't it.

S1 When did you do that?

S2 Last year sometime .... No, no, no third form Science.
T2Gp:16/6/93

The students in all of the four groups monitored during 1993 and 1994 by an
audio-tape recorder as they carried out the ‘Factor X’ investigation moved to
using a mortar and pestle to grind up the vegetable early in their discussion.
This may have been because the teachers had this equipment on view in the

classroom during the planning process.

It is apparent that the students were somewhat concerned about boiling the
vegetable material in water and then testing for the presence of Factor X, as

required in Part B, when the vegetable material was tested directly in Part A.
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The researcher has observed another student, in a class not associated with
the research project, attempting to extract Factor X in water by crushing the
vegetable matter, stirring a fixed volume of water into this crushed
vegetable material, filtering and testing the filtrate for the presence of the
enzyme. However, none of the four monitored groups carried out a
technique as rigorous as this and thus had concerns regarding the
consistency of their approach. Students also used prior knowledge, both
science knowledge and everyday knowledge in this regard. They chose to
boil the vegetables using a water bath technique and in their discussions
they linked the possible loss of Factor X into the water in Part B with their
knowledge of the loss of vitamins from vegetables when they are boiled in

water, for example:

It could be like, vitamins or minerals or nutrients or something like that which escape
when you boil them.
93T218

Audio-tape transcripts of students discussing the ‘Green Streams’ task also
show students grappling with required degrees of accuracy and frequency of
measurement taking, for example, after a discussion as to how long to take

measurements of plant growth:

S1 A week!
S2 Oh, not a week.

S3 It wouldn't take that long.
93T3 students

S1 Observations of what?

52 No, you need measurements because you can hardly say "OK, bigger than yesterday”
because you can’t remember how big it was yesterday, so you will need to take
measurements.

93T3 students

In summary the students frequently referred to their past experiences of
practical work as they planned the equipment they were to use. They were
also influenced by the equipment that was on display in the room. They
often debated the efficacy of the particular technique that they had chosen to
use. In particular, they were concerned about the consistency and accuracy

of their chosen technique and their measurement taking.
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(vil) Co-operating as a group at a cognitive level

Another aspect of group planning is working together at a cognitive level
(Gayford, 1992; Solomon, 1994b). One feature of the four group discussions
captured in these 1993 and 1994 ‘Factor X’ group transcripts was the
interrupted nature of the discussion between the students. Often there was
considerable emphasis by an individual of his or her own viewpoint,
without apparent consideration for others who were also trying to make a
point. In one five minute, 29 second section of a tape there were one
hundred and four interchanges with many sections of speech being less than
eight words before the speaker was interrupted (T3Gp:7/4/94, students 9401,
9402, 9426, 9422). There were sixty one changes of speaker and in the other
forty-three instances the speaker continued, ignoring the interruption
which may have just been a grunt or the beginning of a word. The bar-
graph in Figure 6.2 indicates the word length of the sixty-two sections of the
discussion which were transcribable as separate utterances. The mean word
length was 7.5. Two of the three longer statements occurred when the
students were either speaking out loud as they were writing on the

worksheet, or when they were referring to the task sheet.
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Figure 6.2: Bar graph showing frequency of number of words spoken before
interruption, taken from a Transcript of T3 1994 students, 7/4/94
This rapid change of speaker may be a measure of interest in the activity,
with students clamouring to contribute their point of view, but the students

in this group did not spend a great deal of time listening to each other's
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points of view or helping each other's confusion. For example, in the
following conversation a student (9426) is trying to establish whether one or
two sources of Factor X are required to be identified. This query is answered
early in the quoted section of the conversation but it continues to concern
her and she asks again. However, the other students carry on with their

conversation without addressing her on-going queries:

9401 ... this is what we are trying to do ...

9402 Find Factor X

9426 ... that's what we are trying to do. Find the two, the two
9401 Find the two substances that contain the most of Factor X
9426 We want to find, yeh

9402 the two best sources

9401 the two best sources, that contain the most factor x ..
9426 two or one?

9402 what are we going to put down?

9426 is it two or one?

9402 my hypothesis is ...

9401 the best source is the potatoes.
T3Gp:7/4/9%4

Whilst this rapid changeover of speakers was particularly obvious in one of
the tapes of students discussing "Factor X" and not in the other three
relating to this particular investigation, lively, interruptive debating has
also been noted by the researcher in other interactions as students debated
the approach they were going to take to find an answer to the contextually

based questions of these investigations (94 Gp:2/5/94; T2Gp:2/6/93).

Whilst this pattern may indicate a limited level of co-operation between the
students it may also be interpreted from a different viewpoint. It may be
considered that the students did not have to say in full what they were
thinking as they constructed their meaning of the task, because they already
shared an understanding of the meaning of the task. This is an aspect that

could be researched more deeply in follow-up studies.

The students’ demonstrated planning abilities
The final aspect of group planning to be considered relates to the students’

demonstration of their planning abilities. The thirty students who carried
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out the “Factor X” investigation in the case study class in 1994 worked as
nine groups. Their group plans, as the students wrote them, were analysed
using the scoring schedule outlined in Appendix K. The results of this

analysis are given in Table 6.10.

Number of groups who
The students provided evidence Strongly | Moderately| Weakly | Showed no
. indicated | indicated | indicated | indication
that they could: that they | that they | that they | that they
could could could could
* take into account a range of factors 1 2 5 1
« utilise an appropriate sample size 3 5 1 0
* provide an appropriate replication 0 4 1 4
technique
e select appropriate equipment 0 1 7 1
* take appropriate measurements 0 0 7 2
¢ identify sources of error in their 0 0 0 9
proposed method

Table 6.10: Frequency of indication of aspects of planning by students
carrying out "Factor X" investigation, 1994

Aspects of planning which were analysed were the students’ ability to take
into account a range of factors, to utilise an appropriate sample size, to
provide an appropriate replication technique, to select appropriate
measurements and to identify sources of error in their proposed method.
Examination of the students' written records shows that the majority of the
student groups were not demonstrating high skills at considering a wide
range of the factors which may influence the investigation (6 of 9 groups).
They were not indicating clearly the appropriate equipment to use (8 of 9),
nor did any of the groups define the actual measurements they intended to
take. Most (8 of 9 groups) utilised an appropriate sample size. Only 4 of the
groups were able to even moderately indicate appropriate replication
techniques. At this stage of the year the students had not been taught to
consider possible sources of error in their proposed method and none of the
1994 student groups did identify any sources of error in their proposed
method.

It should be noted that analysis of the accompanying transcriptions of group

discussions, observations by the teacher and researcher and analysis of the
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students’ findings indicate that some of the apparent lack of understanding
and precision as demonstrated in the presented plans may in fact not truly
reflect the students' understanding but rather a lack of expertise at
presenting their thoughts in a written form - or a lack of willingness to
spend time writing rather than "getting on with it". Given this
qualification, the scoring data indicates that the students are more

competent at some aspects of planning than at others.

Overall the findings from this analysis of seven aspects of group developing
plans for their investigative experiments, and their demonstrated planning
abilities, indicate that students may benefit from greater discussion with
their teachers as to what to consider when planning for an investigation.
They may benefit by being encouraged to spend time considering what prior
knowledge may be applicable to the new situation. Such prior knowledge
could relate both to linked theory and to previous practical activities. They
could be encouraged to trial possible techniques or to gain some idea as to
appropriate measurement scales to use. They could be encouraged to gather
quantitative rather than qualitative data and to be precise in the
measurements that they take. The students whose work was analysed in
detail in this chapter demonstrated considerable uncertainty with the
concepts underpinning ‘fair testing’ and this suggests that teachers could
teach about concepts of evidence more directly. Aspects of experimental
design such as replication and the identification of sources of error were

particularly poorly demonstrated.

These students have demonstrated that they were keen to come to a shared
understanding of the terms used in the investigative worksheet. They
engaged in lively and interruptive debate as they developed shared
understandings of the task requirements. The opportunity for developing
shared understandings, that group planning presented to these students,

resulted in a richer understanding of the tasks.

6.3.2 Students gathering data
Section 6.3.1 reported on the students’ ability to plan an investigation. This

section reports on their data gathering ability. Student reports of their
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experimental results were used as a source of additional information
relating to students taking appropriate measurements during their scientific
investigations. Of the nine 1994 student groups who returned written
information to the researcher regarding the investigation “Factor X”, three
groups reported in qualitative terms only. Six reported measurements
either in terms of volume of foam produced or the height that foam rose in
the reacting or collecting container. One group added descriptive notes to
their measurements. Six groups reported only one experiment, one group
measured the volume of foam produced over two attempts and one group
carried out three replications. Table 6.11 summarises the methods used by
the 1993 students to measure the amount of foam produced during the
reaction. Of the eighty four students who carried out the investigation into
"Factor X" in 1993, twenty seven (32%) reported foam production in terms of
the height it had risen up the collecting container in centimetres, using this
measurement as a crude indicator of volume; thirty five (41%) indicated the
volume of foam produced in mL; sixteen (19%) reported their data in

qualitative terms only, three (3.5%) gave no results.

.| System used for recording foam Percentage of 1993 students
produced
Change in height of foam in container in cm 32
Volume in mL 41
Time taken for production of 100mL of foam 4.5
Qualitatively descriptive terms only 19
No results 3.5

Table 6.11: The methods used by the 1993 students to record the amount of
the foam produced (n=84)

Teacher guidance alone may not lead students to take quantitative
measurements since six of the 1993 students who reported only in
qualitative terms were working with a teacher who indicated that she had
discussed the need to make quantified observations with her class. Four
(4.5%) students (all from one class, working together in a group) measured
the amount of time taken for the redox reaction to produce 100mL of foam.

Of those students indicating quantitative data two added descriptive
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observations. Only four (4.5%) of the eighty-five 1993 students reported any

repeated measurement taking.

That a significant number of these Year 12 Biology student groups (33% in
1993 and 20% in 1994) had not thought to support their decisions as to the
best two sources of Factor X with quantitative data is concerning, particularly
as some of these students had received teacher instruction to make
quantified observations. A greater emphasis by the teacher on the need to

make quantified observations may be required.

6.3.3 The possible role of previous experience and knowledge in
determining expertise at planning and carrying out of an
investigation

Another aspect of student planning and gathering data is the possible role of
previous experience for determining their expertise. Data from the 1993
study have been analysed in an attempt to establish whether immediéte
previous theoretical study, and practical experience, influences the students'
decision making during an investigation. The following analysis is based
upon the data provided by the four classes of students who carried out the
“Factor X” investigation in 1993 and from written and oral comments made
to the researcher by their teachers. Two of the four 1993 classes of students
(T2 and T3) carried out the “Factor X” investigation after studying theory
relating to enzyme systems and having previously carried out an enzyme-
connected practical experiment; two (T1 and T4) had had neither related
theory nor practical experience beforehand. A summary of the four
teacher's comments regarding their students' prior knowledge and the

degree of help required by the students was given in Table 6.6, page 152.

The students' individual plans for “Factor X” were scored using the scoring
schedule given in Appendix K. An unpaired two-tailed t-Test indicated that
there was a significant difference in these means (D.F. =76, p = .0005) with
the classes who had had previous linked theoretical and practical experience
scoring significantly lower than those who had had no such previous
experience. These findings did not support those reported by Gayford (1989)
who found that students’ investigative planning abilities were improved
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when they had previously studied linked theory and had carried out related

practical experience.

In an attempt to establish whether scoring differences were arising from
general differences in student ability the Factor X planning scores for the
seventy seven students who completed the 1993 year, and who were given a
grade for Sixth Form Certificate, have been analysed and compared with

their sixth Form Certificate grades.

The means and standard deviation error bars for the Factor X planning
scores for the four classes were calculated, as was that for the students’ Sixth
Form Certificate grades - see Appendix L. The correlation coefficient
between the “Factor X” planning scores and the Sixth Form Certificate scores
for all 77 of the students who completed the year was -.207. (see Table 6.12).
Since Sixth Form Certificate grades are given from 1 (high) to 9 (low) the
general direction of correlation was as expected but the degree of correlation

was low for these students.

Class(es) Correlation between Sixth Form Certificate
grades and planning scores for "Factor X"
T1 .011
T2* -.424
T3* -.392
T4 -.164
T1 and T4 .106
T2 and T3* -.372
All students -.207

Table 6.12: Sixth Form Certificate grades correlated with "Factor X" planning
scores for the 1993 student cohort. * indicates those students who had had
previous exposure to either theory or practical work related to enzymes

There was overall a very low correlation between the students’ Sixth Form
Certificate scores and “Factor X” planning scores with p = .08 on a two-tailed
test for significance. The correlation was greatest for students in T2 and T3,

lower for students in T4 and negatively correlated for students in TI.
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Demonstrated “Factor X” planning scores were therefore adjusted for

differences in Sixth Form Certificate scores during analysis of covariance.

A one factor ANOVA comparing students' “Factor X” planning scores for
the four teacher's classes showed a significant difference at the 95% level
between the students for T1 and T2, T1 and T4, T2 and T4 and T3 and T4. A
one factor ANOVA comparing students' Sixth Form Certificate grades in
these four teacher's classes showed a significant difference at the 95% level
between the students in T1. and T2, T1 and T3, and T1 and T4 (see Appendix
L).

Following analysis of covariance there were still significant (F3,72 = 6.05, p =
.000) differences between the four classes’ “Factor X” scores after adjusting
for differences in Sixth Form Certificate scores. Inspection of the pattern of

adjusted means showed a similar pattern to the original means (Table 6.13).

Class N Mean Adjusted mean
T1 22 12.8182 12.5224
T2 19 11.0526 11.1434
T3 21 12.1429 12.2541
T4 15 15.0667 15.2296

Table 6.13: Means and adjusted means of ‘Factor X’ planning scores for 1993

students

Thus, the demonstrated greater ability of students in T1 and T4 to plan an
investigation such as “Factor X” can not be explained by differences in their
overall ability as demonstrated by their Sixth Form Certificate grades. The
reasons for these demonstrated differences in planning ability need to be
found elsewhere. It is possible that different teaching strategies employed
when the students were carrying out scientific investigation, for example
differences in the degree of help and direction provided by teachers, could
account for the demonstrated differing abilities of students at planning for
the “Factor X” investigation as indicated by the scoring of their plans. As

indicated in Table 6.6 (page 152) teachers T1 and T4 had spent time before the
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“Factor X” investigation emphasising the need to conduct a “fair test”
whereas teachers T2 and T3 did not indicate that they had emphasised this
aspect of the task. Teacher T1 indicated that she had continued her usual
approach of challenging the students’ thinking by asking questions. T4 had
directly intervened during the course of the investigation to encourage the
students to consider taking more accurate measurements and commented
generally that the students who were insecure had needed considerable
help. In contrast teachers T2 and T3 had not given their students much
direct help with aspects of the planning process before the planning phase of

the investigation and indicated limited help during the investigation.

Alternatively we can assume that there is no direct correlation between an
individual student’s overall obtained Year 12 Biology grade and an
individual student’s ability at planning a scientific investigation. Further

research remains to be done in this area.

Section 6.3 has examined the students’ performance as they planned and
carried out procedures to help them answer the questions posed by an
investigative task. The students did not always demonstrate sound
procedural approaches. The findings indicate that the students would be
supported in this aspect of investigating if they were helped to identify the
declarative concepts underlying an investigation. Although these students
knew about the principles of fair testing they did not always demonstrate
consistent application of these principles. They would benefit from direct
teaching regarding the identification and manipulation of variables and
ways to operationalise these. Their poor identification and specification of
required measurements indicates that they might be helped by suggestions
of equipment and techniques to use. Additionally, encouragement from
their teachers to move from qualitative to quantitative measurements,

when appropriate, may be necessary.
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6.4 Students as evaluators of themselves as practical
investigators

Sections 6.2 and 6.3 of this chapter data have focussed on students
hypothesising, planning and gathering data during a scientific investigation.
In Section 6.4 the students’ own evaluations of themselves as scientific
investigators are considered. It is considered that scientific literacy requires
not only a sound knowledge of the major declarative concepts of science but
also of ‘ideas related to the collection, validation, representation and
interpretation of evidence’ (Gott and Duggan, 1996 p 793). The New Zealand
Science and Biology curriculum documents indicate that it is expected that

students in Years 12 and 13 will be working towards being able to:

evaluate the quality of information gathered and its degree of relevance.
Biology in the New Zealand Curriculum, Ministry of Education, 1994, p 38

However, it has also been suggested that, for a majority of students an
understanding of the meaning of scientific evidence does not emerge
automatically as a result of their doing practical work. It appears that
students need direct teaching to help them reach these understandings
(Duggan and Gott, 1996; Gott and Duggan, 1996).

In order to find out if the Year 12 Biology students who were participating in
the research project were able to recognise the effectiveness of the
procedures they had used during their investigations, the students in the
1994 and 1995 research projects were asked to evaluate their work.
Questions were also asked of the students to help the researcher and
participating teachers ascertain how the students could be better helped to
understand how to carry out reliable experiments and to reach valid
conclusions. In addition questions were asked to elicit students’ perceptions

of their learning as a result of carrying out an investigation.

These questions were part of a post-investigation evaluation sheet prepared
by the researcher (see Figure 5.5 (iv), page 119). At the completion of each
investigation individual students were encouraged to write down their
thoughts and feelings about the lesson to give them the opportunity to
think and write about how, and what, they were learning and to encourage

them to more readily monitor their own learning. They were asked to focus
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on what they had learned during the practical session and what made it easy
or difficult for them to learn about the process of investigating in Biology.
They were also asked to evaluate the effectiveness of the procedures that

they had used and to indicate the validity of their findings.

The information presented in this chapter is derived from a sample of
student evaluations. The sample comprised the 1995 evaluation forms
completed after the "Sweet Export" investigation. (This investigation was
selected because there was a greater amount of student evaluation data
gathered for this investigation than for any of the other investigations.) The
“Sweet Export” investigation required students to identify, from a sample of
five different varieties of apples, the two varieties with the highest glucose
content. Whilst seventy-two students worksheets for the “Sweet Export”
investigation were returned to the researcher by the 1995 participating
teachers, of the seventy-two only fifty-six students had completed the
evaluation form. The responses on these evaluation forms are analysed
below (Sections 6.4.1 - 6.4.2) using the questions from the evaluation sheet as

foci.

6.4.1 Students’ views of their ability as investigators

The first question asked students “How well do you think you carried out
the practical work?”. Of the fifty-six students whose responses were
analysed, ninety-one percent indicated that they had carried out the
investigation 'well’, with twenty percent of these students indicating that it
went 'very well. Nine percent of the students expressed concerns and
indicated that their investigation had ‘not gone well’. When explaining
their responses the criteria used by the students for determining "well" or

"not well" included

e working co-operatively to carry out the practical work (18%), for example:

I think I carried it out well because I left my group to join a student in my class who was
on her own and had no idea of what she was to do.
95P student

I think we worked well as a group, with everyone a willing participant.
95P student
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I think that I took an active part in the practical work.
95P student

e working accurately and with precision (18%), for example:

I think we did not do extremely well, I think we got the results needed, but felt the
experiment was not accurate enough.
95B student

¢ repeating tests (13%), for example:

Quite well, we did it twice to get fair results.
95B student

I think we need to investigate even more to back-up our conclusions, and the reason why
is because of that I didn't carry out the investigation to my fullest ability.
95B student

e working efficiently (7%), for example:

I think the practical work we [did] in class was done efficiently and accurately with
unusual conclusions.
95B student

e carrying out the investigation as planned (5%), for example:

Well, we covered all the plan properly and did our experiment precisely and it worked.
95U student

e getting results (5%)

I think that we have obtained accurate results quickly, efficiently and fairly.
95P student

Other responses from individual students included a recognition of extra

work done or still required to be done. For example students wrote of

e redesigning the investigation when necessary, for example:

It was done well, because when the practical didn’t go very well we did it other ways.
95B student.

¢ being organised

I think we did well. We were very organised.
95S student

e working through confusion to understanding, for example:
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I think I carried out the practical work well. At first it was confusing to realise how we
were to test for glucose and compare, but we worked it out in the end.
95P student

e a recognition that they could have worked more thoroughly, for example:

I think we needed to investigate even more to back up our conclusions, and the reason

why is because of that I didn’t carry the investigation out to my fullest ability.
95B student

The criteria that students were using to report the robustness of their
approach to the investigation were, therefore, related to the manner in
which they had carried out the investigation - either personally or as a
group - or to the experimental approach that they had taken. These

responses are probably to be expected given the open nature of the question.

6.4.2 Students’ acknowledgement of the need for additional
information or help

The second question on the self-evaluation sheet asked ‘When you were
carrying out the practical work what more would you have liked to know?’.
The responses from the students ranged from not requiring additional help,
to general requests for considerable additional information, to specific and
general procedural requirements. Some of the students recognised that the
additional information could have been generated by themselves rather
than be asked for from another person - teacher or peer. None of the
students indicated that they would have liked help with the interpretation

of their results.

Thirty eight percent of the students indicated that they had all the
information they required as they carried out the investigation. One
student wanted to know 'lots' and three wanted specific details of 'the

answer', for example:

I would have liked to know exactly how much sugar was in each sample.
95P student

Assistance with the general procedure was required by twenty-five percent

of the students, for example:

I would have liked to know how to begin the experiment and why we had to do a
glucose test - I didn’t know that a glucose test had to be done.
95P student
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I would have liked to know what I was doing instead of doing what people told me.
95P student

Specific help with the glucose standardisation procedure was required by

twenty-one percent, for example:

I would like to know exactly how much Benedict’s we needed to add to the apples for

the results, how long to heat it until the first colour change or until it totally changed
colour.

95P student

Three only of the fifty-six students signalled other possible tests, or
procedures, that might help them answer some of their questions, for

example:

I would have liked to know what temperatures or condition change the amount of sugar

in an apple, eg does hot heat have an effect on the taste of certain apples?
95B student

Would we get more accurate results if we use apple juice instead of smashed apple
pieces?
95B student

Less than ten percent of the students (five students) identified additional
specific background information that they would liked to have had before

they started the investigation, for example:

[I would have liked to know] how far into the ripening process the apples [were].
95P student

These variations in the students responses may indicate that teachers could
offer to be available for when the students had identified their need for
additional information, rather than providing information before the
students begin the investigation. Teachers could also encourage students to
become more independent and to look for answers for themselves before

requesting teacher help.

6.4.3 Multiple learning outcomes

The third question asked of the students on the post-investigation
evaluation sheet was ‘What do you think you have learnt today?’ As with
the other investigations in this research project, multiple learning
outcomes, varying with the student, resulted from the students'

involvement in this investigation. Learning outcomes were either related
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to the findings of the investigation or the process that they had undergone
with nearly half of the students referring directly to their experimental
results. The fifty-six students evaluating their "Sweet Export”
investigations collectively identified seventy learning outcomes across the

following range:

e those learning outcomes relating to their understanding of the glucose
level of apples such as that specific apple varieties contain the most
glucose, all apples are of approximately the same sweetness, that different
apples have varying sugar levels, and their surprise when 'bitter' tasting
apples tested high for glucose. Sixty-four percent of students indicated

learning outcomes related to glucose content of apples, for example:

I learnt that Granny Smith was one of the apples which had the highest sugar (sic)
content which 1 though would be the least because it is usually quite sour.
95S student

e those learning outcomes relating to the purpose of a Benedict's test and
procedures for carrying it out (34%), for example:

I learnt how to do a glucose test, the colours involved in glucose test.
95B student

e those learning outcomes relating to aspects of investigative procedures
such as how to plan and do an experiment of their own and how to make
adjustments when things go wrong, how to prepare samples of apple
material for testing, to take care not to contaminate samples, to be more

accurate and precise when weighing and how to test fairly (14%);

[I learned that] sometimes it is necessary to repeat experiments to get the clearest
reliable results.
96B student

[I have learnt] to look for ways to overcome problems.
95P student

In addition to identified learning outcomes which were shared by a number
of students there were also some that were identified by a small number of

the students. Examples of these were:
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e those learning outcomes relating to the practical value of Biology in real

life (4%), for example:

[1 have learnt] the practicality Biology has in everyday situations.
95P student

[1 have learnt] that food tests can be used in practical situations.
95S student

o those learning outcomes relating to an understanding that co-operation

and delegation within a group is important (4%), for example:

If you work in a group you learn about something faster if you don't (sic) know anything
about a subject in the first place.
95P student

[I have learnt] delegation.
95P student

e those learning outcomes possibly relating to development of a sceptical

view point (2%), for example:

[I have learnt] that the true results are not always what they seem.
95S student

For comparative purposes the learning outcomes reported by seven teachers
whose student groups had completed the “Sweet Export” investigation were
compared with the learning outcomes acknowledged by the students. The
teachers’ list also included the learning of specific techniques for testing
glucose concentrations in apples, general procedural expertise relating to
selection of appropriate equipment and processes, and the value of students
working co-operatively to complete an investigation in a short time frame.
Additional to the students’ list, the teachers believed that their students had
learnt the value of participating in post-investigation reflection and

evaluation.

The wide variety of learning outcomes that were acknowledged by the
students for this investigation has important implications for classroom
practice. There could be more direct emphasis on expected student
outcomes before the investigation was commenced. There could be a wider

acknowledgment and acceptance of the possibility of multiple learning
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outcomes. The students’ learning may be enhanced if the teacher regularly
includes opportunities for acknowledgement and discussion of the students’

learning arising from an investigation.

6.4.4 Students’ understanding of reliability and validity

In question four of the post-investigation evaluation form the students
were asked “How wvalid do you think your results are? Explain your
answer.”. The fifty-six students’ comments fitted into five categories of

response. These are shown in Table 6.14.

Response Category Percentage
response
Students who claimed that their results were valid 48%
Students who claimed that their results had limited validity 14%
Students who did not claim validity or were uncertain about this 30%
Students who did not know how to respond to the question 6%
Students who gave no response 2%

Table 6.14: Student representations of the validity of their investigations

A quarter of students claiming validity for their data did so on grounds
which would not necessarily be shared by scientists. For example, validity

was claimed because

e their results were closely comparable with those of other students' (18%),

for example:

I thought that they were good because the two best apples compared the same as the
other groups.
95U student

and because

e the results fitted their expectations (7%), for example:
I think that our results were very correct because ... we were told to look out for brick red
colours in our results which is what we got.

95P student

I think that they were quite valid because our hypothesis was correct with our answers.
95P student
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Others however claimed validity on procedural grounds which would be

more acceptable to scientists, such as:

o they were careful with their procedures (61%), for example:

I think our results are valid because we were careful to avoid contamination ...
95S student

o they repeated the procedure to improve accuracy (14%), for example:

I thought our results were very wvalid as we carried out the experiment two times.
Further experiments would need to be done before recommending apples to a company.
95B student

This reasoning was also put forward by students who repeated their
experimentation when the first results did not give results that they
expected, for example, (though their reasoning is questionable):

Our results are very valid. Our first test did not give the results intended but after

redoing the exercise we got the results that were correct.
95S student

The students who limited their claim of validity were concerned with
factors which had prevented them from obtaining what they perceived as
less than accurate results. Such factors were largely procedural concerns, for
example, the difficulty in obtaining standards against which to compare
apple sugar levels, time constraints and the difficulty in making decisions
over a narrow range of colour variations. One student claimed that her
results were:

.. precise but less than accurate, because there are some random uncertainties made by

the students, for example, equipment not washed properly, observations inaccurate.

Experiments not enough trials. Not very reliable. Different types of apples, from

different trees and different conditions.
95 B student

Another student was concerned about generalising from small samples:

[The results] are all valid except though they are the same type [of apple] they may
not have the same sugar results.
95P student

One student, lacking confidence in her own experimental skills, said that
she no longer felt confident about the validity of her results after the class

discussion because the class results were different from her own:
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At first I thought they were valid as they could get, but after working out the class
average they are not terribly valid.

95P student

53% of the students not claiming validity indicated procedural concerns,
constraints or uncertainties as their reasons for not claiming valid results.
They mentioned practical difficulties such as juice extraction, and problems
with particular aspects of the test for glucose levels. They also referred to
time limitations for completion of the investigation, and their own
uncertainties about carrying out a standardised colorimetric test. 32%
indicated that their results were not valid as they had not repeated their
experimentation. As with the students claiming validity for their results,
these students were concerned that the small numbers of apples they had
used may not be representative of the variety (12%) or that their results were

not valid as they were different from those of other groups (12%).

There was some evidence that, whilst the students were working together to
obtain group results for this investigation, not all groups of students
discussed the issue of validity of results before completing the personal
. evaluation forms. In one instance four students working together declared
widely different views of the validity of their investigation. One claimed
that the results were valid as the group had 'tried to make sure we kept the
same amounts of apple in each test'. A second group member claimed that
the results were 'fairly valid' as the amounts of the apples used were kept
constant. Another indicated that the results were not valid as they could
change over time [it was not clear whether she was talking about possible
short term changes during the investigation or longer term seasonal
changes in apples] and the fourth member of the group said that they were
'not very valid [since], due to the time available, tests could not always be
fully completed' (95P students). There were clearly different degrees of
critical analysis being used by the students. Such comments could also
indicate that questions of validity and reliability were not discussed by this

group during the course of the investigation.
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It has been claimed (Gott and Duggan, 1995) that we have very little direct
evidence concerning children's understanding of the validity and reliability
of an investigation. These researchers were interested in students' ability to
keep the requirements for a valid and reliable investigation - that is, one
which produces believable evidence - in mind during the course of an
investigation. They stated that ‘this notion of [believable evidence] is at best
patchy and at worst non-existent’ (ibid, p 84) and that finding successful
techniques for teaching this notion is not easy. They cited Assessment of
Performance Unit data (Harlen, Black and Johnson, 1981) indicating that
when 11-year olds were assessed as to their willingness to be critical of the
procedures used, only twenty percent were aware of the need to repeat
measurements, to control variables and able to recognise ineffective
procedures. The data from this research study, which was gathered from
students who were on average five years older than the students in the APU
sample, have also demonstrated a limited understanding of concepts .of
evidence. The students appear to claim validity on grounds which the
scientific community would not find acceptable. However, there were those
who questioned the validity of their results more critically, following
.scientifically accepted criteria. Even given Gott and Duggan’s (1995)
comment that direct teaching to address this issue is not easy, direct teaching
appears to be required. For example, for the “Sweet Export” investigation
the teacher could ask questions such as: Do you think that every apple on
the tree(s) will have the same sugar content? How could you be sure of
this? Have all the apples been picked at the same time? Would picking
apples at different times in the season affect these results? Working groups
of students could be asked to consider how reliable their results were,
whether there was a need for replication, a need to ensure similar
procedures with each variety of apple, and how they could avoid

contamination of their results.

188



6.5 Summary

This chapter has focussed on some cognitive aspects of students carrying out
open scientific investigations. The students’ demonstrated abilities at three
aspects of investigating have been described: their ability to generate testable
hypotheses; to plan an investigation which will provide quality data; and
their capacity to reflect about their competence as practical scientific

investigators.

The key findings of this part of the research project indicate that the Year 12
Biology students who were involved in this research project in 1993 - 1995
demonstrated a wide range of ability at hypothesis generation and planning
of an investigation. The students demonstrated that they had a limited
understanding of the role of hypotheses and they did not find hypothesis
generation easy. Nor did they find it easy to generate testable predictions
from their stated hypotheses. Their hypothesis generation abilities were

both context and task format dependent.

The students’ understanding of the inherent requirements of gathering
reliable and valid scientific evidence and their ability to evaluate their own
expertise at scientific inquiry was also very variable. When planning an
experiment to test a hypothesis in an open investigative situation, the
majority of these students were unable to function unsupported at the
levels described by the statements for levels 7 and 8 in the “Developing
Scientific Investigative Skills and Attitudes in Biology” Achievement Aim
of Biology in the New Zealand Curriculum (Ministry of Education, 1994, p
38 - 39). The majority were unable to generate explanatory hypotheses from
which testable predictions could be developed. When planning and
gathering data their writings, discussions and classroom behaviour
indicated that they had a poor understanding of experimental protocols
relating to sample size and replication. Similarly, their initial measurement

strategies tended to be qualitative or crudely quantitative rather than precise.

Teacher instruction and facilitation with respect to investigative procedures
could be a significant feature of student success at scientific inquiry. The

students themselves acknowledged their need for support as they carried
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out practical scientific inquiry processes. It was also identified that it is
essential to acknowledge the complexity of this classroom experience and to
recognise ensuing multiple learning outcomes. These findings will be
discussed in more detail in Chapter 11 as will possible implications of these

findings for classroom practice.

Affective aspects of learning contexts are also of interest when students are
investigating in Biology classrooms. The students involved in the research
project approached open investigations with variable degrees of confidence.
They also had strong views regarding the value of such investigations in a
Year 12 biology programme. The students’ response to investigating will be

discussed in Chapter 7.
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Chapter 7: The students’ response to
investigating

7.1 Introduction

In order to address the research questions (3 and 4) “What are the perceived
benefits accruing from introducing investigative activities into classroom
programmes in Science/Biology? and “What are the perceived constraints
regarding the introduction of investigative activities into school
Science/Biology?” it is necessary not only to study the activities of students

carrying out investigations, but also to analyse their developing

understandings of, and attitudes towards, such work.

Although it is difficult, and at times undesirable, to separate cognitive and
affective aspects of learning (Gage and Berliner, 1984) this chapter focuses on
the affective aspects of students investigating. It was deemed necessary to
carry out this analysis as students who are engaged in carrying out open
investigative practical work could be expected to be forming and changing
their attitudes towards scientific inquiry. Such affective learning which occurs
as a result of experience (Lefrancois, 1982) will influence the confidence with
which the students approach their work and their understanding of biological
concepts - both declarative and procedural. The chapter presents the findings
from surveys of the students' declared confidence regarding their ability to
carry out open investigative practical work (Section 7.2), and their overall
response to an open investigative approach to biological studies (Section 7.3).
The students’ stated preference for investigative practical work is described in
Section 7.4. The key findings from this part of the research project are

presented in Section 7.5.

7.2 Student confidence and practical investigations

Early discussions with the teachers of the City High Year 12 Biology students
indicated that ‘recipe following’ experimentation had beer the most common
experience for the students in their past science learning (Departmental

meeting 27/11/92 and Diary notes 28/4/93). That is, practical work for most
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students had entailed careful following of detailed instructions developed by
their teacher or text author. There was general agreement in this regard though
there was some disagreement between the teachers over how much
opportunity the students had had do open investigative work, with one teacher

claiming that the opportunities for this at City High school was much less than

that in her previous schools:

Iam surprised that [the other teachers] seem to think that the students do a lot of open-ended work

in the junior school here. From my experience in other schools I think that this opportunity is
minimal and that is why the students are not very confident or able.
T1 Field notes 28/4/93

The other three teachers, however, felt that the students at City High had

opportunities to carry out practical work of an open nature in the junior school

(T2, T2 and T3, Departmental meeting, 29/4/93).

Some students had presented individual or small group Science Fair projects in
Forms 3 - 5 but this was largely outside the domain of the classroom teacher.
There was an acknowledgment that the teacher directed work at the lower
levels of the school did not prepare students well for senior Biology,

particularly Year 13 (Form 7) Biology, for example:

’

There is a huge jump between what we feed them in the sixth form and what we expect of them in
the seventh.
T1 Departmental meeting 27/11/92

Because of the teachers’ and researcher’s felt concern that the students had not
had a great deal of preparation for carrying out open investigations we,
teachers and researcher, wished to find out if these students were confident
regarding their ability to use scientific enquiry processes when they had the

opportunity to personally direct these processes.

The data to help us answer this question were generated through a pre- and
post-intervention survey approach. In the early stages of 1993, before the
students had carried out any open investigations they completed a
questionnaire to establish their felt (declared) confidence about aspects of
carrying out of an investigation - see Appendix E. The survey was repeated at
the end of the school year after the students had carried out a series of

investigations linked to the research project.
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Fourteen aspects of investigating were identified within the broad themes of
focussing and planning, information gathering, processing and interpreting
and reporting. The expected sophistication of the students with regard to their
ability at carrying out an investigation was based on the statements at level 6 in
the "Developing scientific skills and attitudes" learning strand in the Draft New
Zealand Curriculum Statement in Science (Ministry of Education, 1992). The
aspects were rewritten in language not expected to be difficult for Year 12
students and were trialed with students from another secondary school. The
required response for each item was Very confident / Reasonably confident /
Not very confident / Not confident at all, scored 4 / 3 / 2 / 1. The average

ratings were then ranked.

7.2.1 Students’ declared confidence

Seventy four students at City High completed both pre- and post- intervention
surveys. Table 7.1 shows the average scores and ranking for the fourteen
aspects surveyed and the changes of these from the pre- and post-intervention
surveys. The "declared confidence" scales indicated that the students expressed
greater confidence with the more mechanical aspects of carrying out an
investigation and much less confidence with aspects of an investigation which
required analysis and critical thinking. For instance, in the pre-intervention
survey, the students indicated highest overall confidence at tasks such as
‘taking measurements using appropriate measuring devices’ (group mean 3.59)
and ‘selecting appropriate equipment to carry out an experiment’ (group mean
3.34). The were much less confident with aspects such as ‘identifying sources
of error in their experimental method’ (group mean 2.66), ‘redesigning
experiments when first results are unconvincing’ (group mean 2.68) and
knowing when it is ‘appropriate to apply what’ has been ‘found out to other
situations’ (group mean 2.80). Aspects of investigating which they had been
doing throughout their secondary school Science courses, such as analysing
data (group mean 3.04) and making conclusions (group mean 3.02) gained

overall scores in the “reasonably confident’ range.

193



Pre- Post- | Change | Pre- Post- | Change
score score in score | rank rank in rank

¢ I can make hypotheses

(predictions). 293 318 +0.25 9 9 0

¢ ] can do an investigation
where there is more than one
changing factor.

¢ | can make decisions about
how many animals or plants
to use when I am doing an
investigation.

¢ I can make decisions about
how many times to repeat an
experiment.

¢ ] can select appropriate
equipment to carry out an
experiment.

291 3.22 +0.31 10 7 +3

3.15 342 +0.27 5= 3 +2

3.18 3.28 +0.10 4 6 -2

3.34 3.20 -0.14 2 8 -6

* I can take measurements
using appropriate measuring

devices. 3.59 3.61 +0.02 1 1 0

¢ I can identify the sources of
error in my experimental

method. 2.66 2.85 +0.19 14 13 +1

* ] can present data in an

appropriate form. 331 | 349 | +018 3 2 +1

* Ican analyse data. 304 | 336 | +032 7 5 +2

¢ | can make conclusions. 3.02 338 +0.36 8 4 +4

* I can justify my conclusions. 274 292 +0.18 12 1 +1

¢ ] can use appropriate
language and layout when
presenting what I have found
out.

3.15 3.07 -0.08 5= 10 -5

¢ ] can re-design experiments
when my first results are

. 2.68 281 +0.13 13 14 -1
unconvincing.

¢ Ican say whenitis
appropriate to apply what I
have found out to other
situations.

2.80 2.88 +0.08 11 12 -1

Table 7.1: Four classes combined pre- and post-intervention declared
confidence scores 1993 (n = 74)

The data from the pre-intervention survey were enriched through discussion of
the findings with the students involved, to provide further elaboration of their

responses. Three of the four classes were involved in the discussions. The
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students indicated that they could not remember having to make decisions in
the past regarding such aspects as numbers of animals or plants to use, the
number of times an experiment could be repeated, and possible sources of error
in a method. Rather, they indicated that in experimental work at Form 5 (Year
11) they had usually been following a method which had been given to them by
their teacher (Field and diary notes 28/4/93 and 30/4/93).

There had been a major emphasis on Science Fair projects in City High, with
preparation of a Science Fair project compulsory for all Form 3 (Year 9)and
Form 4 (Year 10) students. A high percentage of the students completing this
survey would thus have carried out investigations for Science Fair projects.
However, Science Fair work as part of their science programme was not raised
by the students until questioned about it by the researcher (Field and Diary
notes, 30/4/93). The students indicated to the researcher that Science Fair

work was much more demanding than classroom practical work, for example:

In a Science Fair project you are doing much more thinking for yourself. You are not getting fed
information from the teachers on what the results should be. You are actually getting your own
results and making decisions for yourself.
Year 12 student Field notes April 1993

After two terms of Year 12 Biology which included practical work which was
exploratory, confirmatory and investigatory in nature (Woolnough and Allsop,
1985) the students were again asked to complete the identical confidence
survey. The overall confidence of the seventy four students who completed
both the pre- and post-intervention surveys was calculated and compared. A
paired t-value test indicated a significantly different increase in the mean
confidence for the pre- and post-intervention survey (DF 13; two -tail p =
.0018). The students were declaring a greater confidence with respect to

investigating after two terms of involvement in such activity.

However, such global statistical analysis masks notable changes of confidence
on certain aspects but not on others. The students’ declared confidence scores
indicated a clear increase in confidence for aspects such as controlling factors,
making hypotheses, increasing reliability of gathered data, analysing data and
reaching conclusions. A smaller increase in confidence was declared for

aspects such as identifying sources of error, presentation of data in an
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appropriate form, redesigning experiments when the first results were
unconvincing, for making decisions regarding replication of experiments,
justifying conclusions and application of findings to other situations. Their
declared confidence scores indicated a clear lessening of confidence with
regard to selecting appropriate equipment and using appropriate language
when reporting. There was a minimal increase in the declared confidence score

related to use of appropriate measurement devices.

The ranking of the various aspects of the investigative process also changed
with greatest changes occurring for selection of appropriate equipment and use
of appropriate language when reporting, with changes of -6 and -5 places (out
of a possible 14) respectively. The two aspects which moved positively in the

ranking related to controlling variables (+3) and making conclusions (+4).

These shifts in confidence were also indicated through an analysis of the
percentages of students who declared increased confidence, the same level of
confidence or a drop in confidence on each of the aspects of carrying out of an
investigation - see Table 7.2. With three exceptions at least 50% of the students
who were surveyed maintained their level of confidence with respect to the
fourteen aspects of investigation. The three exceptions related to replication
(47%), selection of appropriate equipment (49%) and making conclusions
(46%). For making conclusions 44.5% declared an increase in confidence and for
the other two students declared an increase in confidence (31% and 20%
respectively) or a decrease in confidence (22% and 31% respectively). There
were only two aspects where a greater percentage of students declared a loss in
confidence than a gain. These aspects were the selection of equipment and the
application of findings to new situations. For the aspect ‘I can use appropriate
language and layout when presenting what I have found out’ the number
reporting increased confidence almost matched that of those reporting a lesser

confidence (22% and 24% respectively).
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% students % students % students
increasing maintaining dropping in
confidence level of confidence
confidence
¢ I can make hypotheses (predictions).
30 63.5 6.5
¢ I can do an investigation where there is
more than one changing factor. 30 58 12
e I can make decisions about how many
animals or plants to use when I am doing 34 57 9
an investigation.
* I can make decisions about how many
times to repeat an experiment. 31 47 22
e I can select appropriate equipment to
carry out an experiment. 20 49 31
e I can take measurements wusing
appropriate measuring devices. 19 62 19
* I can identify the sources of error in my
experimental method. 28 65 7
¢ ] can present data in an appropriate form.
27 51 22
e I can analyse data.
40.5 53 6.5
¢ | can make conclusions. '
44.5 46 7.5
¢ I can justify my conclusions.
34 50 16
* [ can use appropriate language and
layout when presenting what I have found 22 54 24
| out.
® | can re-design experiments when my
first results are unconvincing. 28 56 16
¢ I can say when it is appropriate to apply
what I have found out to other situations. 18 59 23

Table 7.2: Students’ combined percentage change of confidence, 1993 (n = 74)
Note: percentages were converted to nearest whole or half numbers

The student responses on the two confidence surveys have also been analysed
to identify the range of change in confidence for individual students. Shifts in
confidence across the range from "very confident" to "not confident at all" were
recorded for all fourteen aspects and then summed for each individual student.
It was possible for a student who had indicated “not confident at all” for all
fourteen aspects on the first survey and “very confident” on the second to have
recorded a change of +42. However there were no recorded summed changes

for an individual outside of the range -10 to + 10.

The mean change for females was +3.2, for males +0.8 and for all students was
+2.1. There was thus a small overall lifting of felt confidence within the class,
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with a greater increase for female students than for male students. However
for four individual students there was a notable drop in felt confidence of
greater than or equal to 5 points. Students with notable changes in declared
confidence (both positive and negative) between the pre- and post-intervention

surveys were identified and invited to an interview with the researcher early in
1994.

Not all of the selected students who had large shifts in declared confidence
were available for follow-up interview as some had changed schools or left
school. In March of 1994 a small sample (n=6) of the 1993 students, now Year
13 students, were asked during a broad-ranging interview for possible reasons
for the changes in declared confidence - both that which was noted overall for
some students and on particular aspects of investigating for the class in general.
These students indicated that they still did not have a great deal of confidence
regarding the overall planning of investigations and that they would have liked

more help, for example:

I reckon we just don’t know how to plan ourselves properly, maybe. I reckon that we could get
some [help].
93T124 Interview March 1994

These six students were also very concerned to 'get it right' and they indicated
that this concern caused them to be somewhat tentative in their approach. Their
hesitancy in determining appropriate strategies and their naive understanding

of the scientific endeavour is shown, for example, in the following:

S: Well, you want your experiments to prove your hypothesis right and I'm doing well. ... Well
[its] in the textbook what actually does happen that scientists have proved and your experiments
are just reaffirming it. If it proves wrong ... there are [experiments which are not just for
reaffirming knowledge] that you can [do] if you want to but the things that we do have happened
before .. You want to get it right, what it says in the book.

93T118 Interview March 1994

Later, in the same interview, this student indicated that the students were also
trying to please the teacher and that they had found it hard to think for
themselves after having had the thinking done for them over the past four
years. As one student explained this to me the others in the group were

nodding:

198



From the third form we've ... we never actually think for ourselves and now it comes to the 7th
form and all of a sudden we have to think for ourselves. Where do I start?
93T118 Interview March 1994

Not all students agreed that they had been required to think more for
themselves during their Year 12 Biology course. In a different interview
another student suggested that in Year 12 he had had to think less for himself
because the teacher's instructions were more explicitly directive. When

questioned further he changed his response to:

It was more, not really think less, just more absorb because there was so much theory to give you
[that] there wasn’t really enough time for practical examples, it was pretty much straight
dictation, you write it down, you go home and learn it as best as possible ...

93T407 Interview March 1994

The difference in these responses may be simply due to differing students'
expectations and perceptions but they could also to some extent be reflecting

the different teaching styles of the four teachers in the 1993 study.

These six students were also directly asked about those aspects of investigating
where the students' felt (declared) confidence regarding the planning, carrying
out and reporting of investigations had decreased or increased. Some students
attributed the loss of confidence regarding the use of appropriate language and

layout to having been given, and required to learn:

... a lot of new words and you feel bombarded with them and you don’t know where to use them.
93T124 Interview March 1994

In contrast to this, one of the other students argued that having practice with
the use of new vocabulary during the year enabled them to become, as the year

went by:

... more technical ... and so we learnt about that, and got more confident as we went along to do
with that.
93T318 Interview March 1994

The six students who were interviewed intensely regarding the changes in
student confidence over aspects of investigating, also argued that the indicated
loss of confidence could have been caused to some extent by their being more
realistic at the end of the year than they were at the beginning. For instance one
student suggested the following as an explanation for the overall loss of

confidence in the use of appropriate equipment:
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I think that one would have been because during the year for some experiments the teacher said,
"Right, [I've) got the chemicals, got the equipment, come up here, take them, go and do

experiments. Then at the end of the year some people thought well the teacher has just given us the
stuff. We weren't actually, really, realising what to use.
93T318 Interview March 1994

When asked to comment about those aspects where confidence increased, such
as being able to carry out an investigation where there was more than one
changing factor, students in both groups interviewed indicated that for them, in
their particular class, frequent practice during their Year 12 year with such

investigations had increased their confidence, for example:

We learnt more about .. how there are different factors affecting different things and so we ... got
more confident as we went along to do with that.
93T318 Interview March 1994

However, although the four teachers planned the courses together and
generally carried out a similar amount of practical work during the year one
student's memories of his Year 12 year was one which was very theory bound.
He indicated the need for a refresher course on designing practical experiments

because:

I can’t even remember how to write up the aim and the method and the equipment. That sort of
stuff. You remember doing it in the third form and the fourth form and barely remember the fifth
form but sixth form it just sort of wasn't there. It was just sort of flat out theory.

93T407 Interview March 1994

7.2.2 The teachers’ response to this data

The four teachers associated with the research project in 1993 were also asked to
identify possible reasons for some of the students' scores regarding confidence
about carrying out of an investigation being significantly lower at the end of the
year than at the beginning. Three of the teachers in the 1993 study, responding

to a questionnaire, identified the following as conceivable causes:

e the students' initial inexperience at completing questionaries, for example:

The pupils, initially, were inexperienced in completing questionnaires of this nature. | feel that
their judgment and scoring of their 'confidences’ in the first instance was probably a little
generous (perhaps to avoid embarrassment, even though it was in confidence).

93T1

¢ the students' perceptions of their own abilities had become more realistic over

the course of the year, for example:
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During the course of the programme they became more acutely aware of their own abilities as their
experiences of what it was all about increased and their ignorance decreased. Thus in the second
questionnaire they may have given a more informed and realistic appraisal of their abilities
(having forgotten what they scored in the initial one - so they had become a different ‘animal’ for
the second one. This would result in a smaller increase in confidence that perhaps we might have
expected (a decrease even!).

93T1

¢ the students had realised that not all of their practical work had resulted in

successful outcomes, for example:

At the start of the year they had had no (what they consider) failures, that is, experiments usually
had an end "result’. They may feel they ‘own’ the experiment if they formulate the hypothesis and
method but this also means that they have to accept responsibility for their results or non-results.
93T2

* the students were more aware of the difficulties in planning and carrying out
an investigation. In one class, the students had completed the survey not long
after a particularly difficult investigation and this is reflected in the teacher’s

comments:

The ‘transpiration’ experiments were, for the most part, a disaster - mainly due to equipment
failures. Therefore no results were recorded. Not a positive note to end the year on - the students
filled in the questionnaire not long after this.

93T2

* the students were tired, for example:

For many, it was the end of a difficult year and they were tired.
93T3

7.2.3 The researcher’s response to this data

Although the students’ overall confidence at carrying out investigations grew
during the year their apparent loss of confidence with some aspects points to
areas where their teachers may have usefully given more support to their
students as they constructed meaning for aspects of the process of
investigating. The data could be interpreted to indicate that these teachers
could have usefully, and directly, discussed with their students about the
processes of scientific inquiry. As well as providing refresher courses on
designing experiments, there could have been an emphasis on identification of
potential of sources of error, on the value of redesigning experiments when first
results are unconvincing, on appropriate presentation of data, on how to justify

reached conclusions and how to decide when and how to apply findings to
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new situations. The students needed, and welcomed, plenty of opportunities to
try out their developing understandings about investigating. An
acknowledgment to students that experience with a new approach to practical
work, with new equipment and with new communication requirements, may
be accompanied by an initial loss of confidence may also have been of help to
these students as they began to carry out investigations. The students may
have needed encouragement to ‘keep trying’, to keep trying to solve design and
equipment problems, and not to worry too much about ‘getting it right’ all at

once.

7.3 Student response to investigative approaches to practical
work

The previous section of this chapter has focussed on the students declared
confidence with respect to investigating. The following section of this chapter
focuses on the students’ response to the introduction of this strategy to their
Biology programme. Section 7.3 presents the students' perception of the
relationship between investigative practical work and learning in Biology; the
. nature and importance of skill acquisition in open investigative practical work;

and the role of the teacher during open investigative practical work.

The data forming the basis of this section of the thesis have been gathered from
an end of year survey completed by 75 of the students involved in the 1993
research at the end of 1993 (see Appendix M), from interviews with 10 of the
1993 students when they were in Year 13 in 1994 and from interviews with all
of the 1994 students towards the end of Term 2, 1994. Students were
interviewed in small groups. These interviews did not follow a formally
structured format but during the free-ranging discussions the following aspects

of the project were explored:

o the students' preferences regarding open investigations versus
investigations where the methodology had been carefully structured for

the students by a teacher or text;

e the students’ perceptions of the learning outcomes from open

investigative practical work;
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e ways in which teachers could help students to carry out open

investigative practical work more independently;
o the students' understanding of the nature of science;

e how the students perceived learning in science to differ from that of
learning in other subjects.

Data were also gathered through the completion of an end of intervention

survey by 25 of the 1994 students at the end of Term 2, 1994 (see Appendix M)

and from classroom observations by the researcher during 1993 and 1994 as

recorded in the researcher’s field notes.

7.3.1 Student perceptions of the relationship between investigative
practical work and learning in Biology

The 1993 and 1994 student cohorts both indicated a positive relationship
between engagement in investigative practical work and their learning in
Biology. The responses which form the basis of this data analysis were
generated from differently phrased questions. This arose because the
questioning in the second year was deliberately more focussed on investigating
rather than practical work in general. The responses from the students in each
- of the two years will therefore be treated separately before general findings are

discussed.

The 1993 students’ responses

In 1993 seventy five students from four classes responded to the question "How
do you think doing practical work helps your learning in Biology?" Their
responses can be divided into three major categories. The three response
categories refer to cognitive aspects of studying Biology, to skill acquisition and
to affective aspects of involvement. The frequency of these responses is

summarised in Table 7.3.
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Cognitive aspects | % [Skill acquisition. [% |Affective aspects | %
of Biology res res res
e concept development | 55 * scientific process 27 * enjoyment 12

understanding
* visualisation of * relevance 7
learning 41 ¢ application of learned

skills 9 * confidence/ increased | 5
* personalisation of personal involvement
learning 32 | * manipulative skill

acquisition, 7 * realism
* nature of scientific 1
enquiry 9

Table 7.3: Categorisation of responses to the 1993 survey question "How do
you think doing practical work helps your learning in Biology?" showing
percentage of students giving related response

The responses relating to cognitive aspects of studying Biology included
emphasises on concept development as demonstrated by responses referring to
‘understanding’ and 'remembering’, for example:

[Practical work] helps you to understand complex ideas which would be hard to grip if

you were just reading from a text book. It also gives you a first hand view of the processes

which happen in our world.
93T11 End of year survey 1993

You remember more if you have done it yourself. Much more effective learning than just

writing.

93T204 End of year survey 1993
Visualisation responses indicated that the students valued personal
involvement in events and that such involvement enabled learning, especially
where remembered episodes were unusual (White, 1988). Many of these

responses used a phrase such as 'helps understanding by seeing’, for example:

[Practical work] helps understanding by seeing or witnessing what you have read in test
books. It helps you to develop ideas and thoughts.
93T203 End of year survey 1993

Responses relating to personalisation of learning were those where the students

referred to being personally engaged in their learning, for example:

Practical work gives you a better understanding of the subject as it gets you involved with
what is going on. It makes the subject easier to relate to.
93T117 End of year survey 1993
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Responses relating to the nature of scientific enquiry included a reference to an

improved understanding of scientific enquiry processes, for example:

[Practical work] enables you to see for yourself how an experiment or investigation is
carried out instead of just reading a book in class.

93T101 End of year survey 1993

The students’ responses to the question "How do you think doing practical
work helps your learning in Biology?” also included some with an emphasis on
skill acquisition. Some responses highlighted manipulative skill acquisition

and an understanding of scientific processes, for example:

It makes you draw conclusions, helps you to understand your mistakes and create new
experiments. You also learn to make hypotheses.
93T210 End of year survey 1993

Other responses referred to the application of learned skills. Students often

linked this to the repetition of all, or aspects of, an investigation, for example:

[Even] if the practical doesn’t work out, I believe students will learn greatly, as more is

learnt through perfecting a practical and carrying it out as opposed to [reading] a perfect
solution given in a text book.
93T222 End of year survey 1993

The students’ responses to the question “How do you think doing practical
work helps your learning in Biology?” also included some with an emphasis on
affective aspects of learning, such as personal enjoyment, an appreciation of the
relevance of studies in Biology an indication of appreciation of personal

involvement, and a gain in confidence, for example:

Instead of sitting and listening to what’s being read from a book, in practicals you learn to
apply it and find it out by yourself, learning what to do and it is a lot more interesting.
93T323 End of year survey 1993

There were no totally negative responses though one student did qualify her

initial statement:

It helps understanding, but only if at the end of the experiment the correct results and set
up of the experiment are given so that there is no confusion.
93T110 End of year survey 1993

Another student mentioned the tedium of the perceived annual repetition of
practical work such as testing leaves for starch, firstly in the third form, then in

the fifth form and, ‘hopefully finally’, again in the sixth form.
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It was apparent that the majority of the seventy-five students who completed
the end of year survey in 1993 indicated a positive response to practical work in

Biology. They perceived that engagement in practical work had increased their

learning in the cognitive, skill and affective domains.

The 1994 students’ responses

At the end of 1994 twenty-five students responded to differently phrased
questions highlighting investigative practical work and conceptual
development. The analysis and discussion of their responses has been
separated from that of the 1993 students because the questions asked were
phrased to emphasise investigative practical work rather than general practical
work. The students were asked to indicate if they thought that doing
investigative practical work in Biology helped them to learn the concepts (ideas)

of Biology. They were also asked to explain their response.

The majority of the twenty-five responses were positive with only one student
indicating negatively and three producing qualified positive, "Yes, but",
responses. The positive responses could be grouped (in descending order of
frequency of mention) as responses relating to procedural conceptualisation,
responses referring to the visualisation of biological concepts, responses which
refer to increased understanding of scientific concepts through personal
involvement and responses which emphasised the improved learning of

concepts through increased thinking.

Responses relating to procedural conceptualisation were given by twenty-eight
percent of the students. These responses indicated that the students believed
that participation in investigative practical work had increased their
understanding of the processes of scientific inquiry, for example:

Practical work showed us the concepts of experimental design and practical applications.
9427 End of year survey 1994

Yes, it taught me about having controls and changing factors.
9406 End of intervention survey 1994
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Responses referring to the visualisation of biological concepts were given by
twenty percent of the students. Such responses indicated that the students
believed that involvement in investigative practical work had increased their

understanding of biological concepts through 'seeing Biology in action’, for

example:

Easier to understand theories when you see it happening in front of you.
9432 End of intervention survey 1994

Yes by doing practical work we can see how things work so we understand them more.
9403 End of intervention survey 1994

It gave us an insight as to what the text actually meant.
9430 End of intervention survey 1994

Twelve percent of the responses referred to the enhancement of conceptual

understanding which comes through personal involvement, for example:

Yes, because you were involved in the work, not just reading it, you had to use terms and concepts
to do the experiments.
9409 End of intervention survey 1994

Yes, it made me aware of biological factors and how things work.
9408 End of intervention survey 1994

Yes, it gave a better understanding of why reactions do/don’t happen.
9410 End of intervention survey 1994

Eight percent of the students indicated that their personal involvement in
investigative practical work enhanced their learning because they were more

actively thinking about what they were doing, for example:

Doing things for yourself makes you think about it more.
9423 End of intervention survey 1994

Yes, ...as I had to think more for myself instead of having a set task.
9418 End of intervention survey 1994

The possibility of a student’s increased metacognitive awareness during
investigative practical work was emphasised by one 1994 student who sought
out the researcher during an other-structured practical session which she did
not really understand. The class were working through a practical designed to
demonstrate the process of absorption in the gut. They had achieved a useful

and accurate set of results but their analysis of their observations was limited as
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they appeared not to really understand why they were following the procedure

which had been set down (Field notes, 21/7/94). This student said to me:

Mrs Haigh, if | haven't thought about it beforehand I don’t learn anything.
9428 Field notes 21/7/94

She confirmed this statement during an interview when she said (as a follow on
to another student's comment about problem solving being better because ‘you

find out for yourself’):

Its not so boring and you've got to think, and when you think you know exactly what you are
doing because it is in your head. You know you have made the idea up, you are working it out for
yourself rather than just doing what someone has told you to.

9428 Interview 8/8/94

The heartfelt emotion in her voice as recorded on the audio tape indicated that

this student felt very strongly about the benefits of this type of practical work.

It is interesting to note that only one student who responded to the end of year
1994 survey suggested that he was gaining a better understanding of the nature
of scientific enquiry through his personal involvement with practical

investigations:

Science is very exact and any little change in an experiment could have a big impact on the results.
9425 End of intervention survey 1994

The low frequency of this type of response was emphasised by the students’
responses in interviews with the researcher. During these group interviews
with the researcher at the end of 1994 the majority of these Year 12 students
provided a list of topics when asked what science is. However, when probed, a
few demonstrated that they may have been searching for a deeper
understanding of the differences between the subjects that they were studying

with comments such as:

[Science] is more to do with theory. There’s a lot of things in science that we are not very sure of
especially physics, things like English, its all set out but science isn't .....Its based on what people
have thought, their own opinions ..... whereas History and Social Studies, that's all fact.

9411 Interview

[Science is] more establishing a problem and trying to ... going about ... to solve it.  In other
subjects you are just learning straight from the thing and not seeing how its done.
9425 Interview
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The low response level of comment referring to the nature of science may have
resulted from a lack of direct teaching in this regard. The researcher did not
observe any teaching which directly addressed the nature of the science
scientific endeavour but it must be acknowledged that not all of the Biology

lessons with any one teacher over one year were observed.

There were ‘uncertain’ responses to the 1994 end of intervention survey
question "How do you think doing investigative practical work helps your
learning in Biology?" from twelve percent of the students. These responses
appear to reflect the students felt lack of understanding of the topical area in

which the investigation was based. One commented, for example:

It would have helped if I had had more of an understanding of the topic before conducting the
investigations but yes, they helped.
9411 End of intervention survey 1994

A single negative responder was concerned with inconclusive results and a

lack of direction. He said:

No, [it hasn’t helped me learn Biology] because sometimes the experiment didn’t work,
and I don't understand the purpose.
9419 End of intervention survey 1994

In summary, students from both the 1993 and 1994 cohorts produced similar
lists when asked to consider the outcomes from their engagement in practical
work, whether it was labelled as specifically investigative in nature or not.
They perceived that they had learned both declarative and procedural concepts
and recognised the value of practical work as a means of both personalising
and visualising their learning. A small number of the 1994 students whose
focus question had specified investigative practical work rather than practical
work in general also noted the impact of such work on their thinking - both in
the requirement for an increased engagement in thinking and the learning
outcomes related to thinking. These students recognised that they were more

metacognitively aware of their own learning.
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7.3.2 Student perceptions of the skills and attitudes required for
participation in open investigative practical work

As part of the 1994 end of intervention survey, twenty-five students were
asked to identify the skills and attitudes that they considered they needed in
order to carry out investigative practical work. Their listed skills and attitudes
included an understanding of relevant knowledge, science process skills and

specific attitudes.

Understanding of relevant knowledge

Forty percent of the students indicated that it was necessary for them to have a
knowledge of the relevant background theoretical information, or to be able to
access this information. During group interviews the 1994 students had also
often expressed a need to have the relevant background information and
method of attack clearly identified for them before they began their planning of
an investigation. Some wished to be directly told what they needed to know,
whilst others felt it could be indicated generally and that they could be
expected to take some responsibility for finding out the details. For example, a

response from a student who had wanted greater direction:

Give us some steps to work through, don’t just say find out this. Give us some basic
guidelines like, find out what you need, do measurements, blah blah blah.
9411 End of intervention survey 1994

and a response from a student who had recognised that his teacher was

giving him cues as to direction without providing all the details:

[I'm fairly confident about doing practical investigations), it depends on different
experiments, ‘cos sometimes you don’t quite know what substances to use, you are not
quite sure. Sometimes when they ask you to make up an experiment they kind of obliquely
put it so that you know exactly what you are looking for and what you are supposed to be
testing.

94 student Interview 1/8/94

This student and his working partner also had opinions as to the degree
of help that they wanted from their teacher with respect to background
information. They did not wish to be told previously explained
information again, and believed that such information should simply be

signalled but that new information should be covered in greater detail:
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S1  Yeah, what you should do is that the background knowledge that we should know should not
be in the outline of what we are doing, because we already know that, stuff like that,

S2  The new stuff should be explained. We should be asked to call up our background
knowledge.

94 students Interview 1/8/94

Required process skills

In addition to acknowledging that recognition, or knowledge, of related theory
was essential to their success at investigating, eighty-four percent of the
students identified at least one scientific inquiry process skill as essential for
carrying out open investigative practical work. The process skills which the
students identified included thinking; an ability to recognise the problem; an
ability to measure accurately; a knowledge of specific biological tests such as
the Benedict's test for reducing sugars; and the ability to recognise appropriate

equipment and to follow instructions.

Necessary attitudes

Sixty-four percent of the students listed at least one attitude which was
necessary for successful investigating. Attitudes which the students listed
included confidence, accuracy, patience, carefulness, being sensible, being
positive, showing interest, working co-operatively, being open minded, being
logical, being analytical, consistency, flexibility, persistence, willingness,
determination and fairness. They also mentioned being prepared for failure.
Open-mindedness (mentioned by twenty percent of the students), and care
with techniques (patience, care and accuracy, for example, received a 32%

response) were referred to most often. Statements included:

You need to be sensible, interested, patient, competent and co-operative in working with other
people.
9424 End of intervention survey 1994

You need a positive attitude, that things will eventually work, and as long as you are prepared to
do a lot of thinking for yourself you should be all right.
9423 End of intervention survey 1994

The students also identified that doing investigative practical work in biology
during 1994 had helped them to develop these skills. The two students quoted

above said:
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... I had to co-operate with the people I was experimenting with. I needed patience in timing
experiments and waiting for reactions to occur. Doing these experiments improved my
competency and practical is far more interesting than doing work out of a book.

9424 End of intervention survey 1994

-..you understand things better because you are actually thinking about things yourself and
working through how things happen.

9423 End of intervention survey 1994

Another student also emphasised how doing open investigative practical work
allowed her to think for herself and she recognised the positive outcomes of

this approach:

Previously we have not been allowed nor encouraged to think for ourselves - instead [we have

been] taught to rely on the teacher’s explanation and textbook. So this allowed us to develop skills
and attitudes by thinking for ourselves.
9430 End of intervention survey 1994

Other students recognised the positive value of learning from their mistakes

and the requirement that they develop new skills:

We learnt from our mistakes so we could make our later investigations better.
9403 End of intervention survey 1994

.. we used many different skills that we were unaware about and which we had not used before.
9421 End of intervention survey 1994

There was only one nil response to the question relating to the identification of

required skills and attitudes.

In summary, within the group of twenty-five students of the 1994 cohort, there
were students who were able to identify the value of a sound knowledge base,
an understanding of science process skills and positive scientific attitudes to
their learning in an investigative situation. Not all students identified aspects
of all three domains. Some of the students’ clearly identified a sound
theoretical base as a skill that they required to help them investigate. They
were thus not making the differentiation between knowledge and skills which
is common in curriculum statements. Their belief in the importance of a sound
theoretical base is supported by science educators such as Solomon, Duveen
and Hall (1994) who state that, since observations are so theory bound,
students should be taught the necessary background theory before they engage

in an investigation.
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The practice and learning of these students’ may have been enhanced if they
had been encouraged to discuss the theoretical concepts underpinning an
investigation, if their teachers had cued scientific inquiry process skills as

required and if they had been encouraged to develop attitudes such as open-

mindedness, persistence and honesty.

7.3.2 Student perceptions of difficulties encountered during
investigations

An indication of the sort of guidance that the students would have liked to
have had from their teachers may be gained from their reference to those

aspects of investigative work that they found easy or difficult.

When asked, in the 1994 end of intervention survey, about those aspects of
investigative practical work that they had found "easy" and ‘difficult’, only
twenty percent of the students who completed the questionnaire indicated that
they had found all aspects of investigating easy, including planning. Thirty-six
percent of the students indicated that it was easy to carry out the investigation
once the planning stage had been completed. There was a low level ‘easy’
response for each of ‘drawing conclusions’, ‘analysing results’, ‘measurement’

and ‘organising myself’ (4%).

Particular features of the laboratory and lesson organisation were recognised to
ease the investigative process for some students. Twelve percent of the
students appreciated having necessary equipment easily available and
sufficient time to carry out the investigations also eased the exercise for eight
percent of students. Eight percent felt that working in groups facilitated their
investigating and eight percent recognised the confidence which came from
‘having to do it’. Other individual students indicated that they found carrying
out of investigations easier as the year progressed and appreciated the

similarity of some of the investigations:

They got easier as we learnt gradually how to think for ourselves and learned different methods.
9430 survey
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Another challenged the question and indicated that perceptions of ease were

more related to self assurance:

Its not really whether it is easy or not, its whether you feel you are doing it right or not.
9429 survey

There were also some aspects of investigating that the students deemed to be
‘difficult’. For a majority of the 1994 students (60%) concerns about 'planning'
(including references to framing an hypothesis) headed the list of those aspects
of open investigations which they found difficult. A concern regarding their
perceived lack of knowledge of required theoretical and process concepts, and
required technical skills, was indicated by twenty-five percent of the students.
A felt lack of security regarding the choice of the correct techniques was also
referred to (4%), as was ‘getting the experiments to work' (8%), measuring
correctly (8%), writing conclusions, working as a team (4%), working by

themselves (4%), and not having sufficient background information (16%).

7.3.3 The students’ perceptions of the role of the teacher during open

investigative practical work

In addition to indicating which aspects of investigative practical work they
“found easy or difficult, the students were also asked to identify specific teacher

support that they would like to have had when they were investigating. They

were asked to identify this at all three phases of the research project (1993, 1994

and 1995). Their responses were varied and sometimes contradictory. They

indicated that their teachers could

e help them to identify and source useful background information

e allow them to learn through their mistakes

e leave them to design their own experimental procedures

e provide cues as to required “type” of answer and procedural approaches
e help them to develop investigative skills.

Each of these identified aspects of teacher support will be discussed in turn.
Student responses from all three phases (1993 - 1995) of the research project

will be drawn on to illustrate the identified aspects.
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Helping the students to identify and source useful background information

In 1994, 25 students were asked in a survey to indicate what extra help they
would like to have been given when they were doing investigations. The most
frequent response, from fifty-two percent of the students, was that they would
have liked to have had more of an indication of the area of knowledge that they

should tap into when they were carrying out the investigation, for example:

[We needed] more background knowledge and a better understanding of how the experiment
[related] to our theory work.
9411 End of intervention survey 1994

Allowing students to learn through their mistakes

Although twenty percent of the students still wanted to be given an indication
of expected results, or prepared answers, just as many indicated that they did
not need much help and some affirmed the value of learning through mistake-

making. One student said, for example:

We really needed to design experiments ourselves and analyse our mistakes though. It helped
immensely.
9427 End of intervention survey 1994

Allowing the students to design their own experimental procedures

At all stages of the research project students acknowledged the value of being
left to think their own way through an investigation, to be able to design
experiments to help provide answers for themselves. A student interviewed in
1995 explained very carefully that his personal involvement in the
development of a method for an investigation had been crucial to his
developing a greater depth to his learning. He was responding to another
student who had indicated that if the investigation was ‘hard’ it was better to
be given precise instructions, but that to think for himself was better than being

given these instructions, with the following:

It depends on how hard they are but I think that the better way is to do them individually. It makes
you think more, like, if you get a method its easier to follow it. You may get better results but you
still won't learn much. Because, like, it makes you think, how to do it so, you know, before you
even do the experiment you have to think about the results. What are they going to be? Are they
going to be accurate, stuff like that. Yeah, it makes you think. That's about it.

Student from school 955, Interview

Later in this same interview, the students in this 1995 class (95S) were
discussing an investigation where their teacher had given them set instructions.
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A small number of the students indicated that they had not followed these
instructions but had designed their own method, finding this much more

rewarding. When questioned regarding their confidence and freedom to do

this, a student said:

Yes, it was much more fun than following instructions. It can be boring you know [following
instructions].

Student 95S, Interview

Cueing the required type of answer and procedural approaches

Whilst recognising and valuing their growing confidence and ability with
respect to investigating, the students also acknowledged the critical role of their
teachers. They indicated that they expected their teachers to provide hints and
to make knowledge links for them. One of the 1993 students, interviewed in
1994 when he was studying Year 13 Biology responded to a question regarding
the required degree of teacher help with:

They can go about things in a roundabout way. Yes, hinting is good. We had some problems
[description of some particular open investigations] and it was like that. They told you what to do
but you had to take from it what you actually practised and what you saw, what the results
determined. You were doing it, but you were told how to go about it but you were actually doing
the work for yourself.

R: So, one of the things that you would say teachers need to help you with is how to tackle an
investigation?

Yes, set out, layout and equipment, organise your information and know where to put it apart
from that they can just leave it up to you.

R: Would you rather do that then have [carefully structured practical work]?

Yes. ... Otherwise it gets boring because its just like I have to do this next and I have to do that,
whereas you can sit there and say ‘I wonder what would happen if I tried this?’, ‘oh wow!" that
happened and note it down.

93T318 Interview

Whilst this student clearly valued some degree of independence, he went on to
say that he would also have liked some indication of the 'type of result' he was
looking for, to prevent a situation where some students might make
quantitative measurements and others qualitative observations. He also
indicated that he would have liked some indication of practical procedures and

topic related theory before he tackled an investigation.
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Helping the students to develop investigative skills

Many students also indicated that their teachers could give them more help
regarding the strategies of investigation. Only twenty percent of the 1994
students indicated that they had enough experience and knowledge of
investigative procedures to proceed on their own. In interviews the students
also pointed to a preferred time for this help. The beginning of the school year
was seen as the optimum time for a teacher to introduce information detailing
investigative procedures. For some students the end of the year was not
regarded as an appropriate time to teach about practical procedures as the
students felt that they were unlikely to retain this information at this time due

to pressure of remembering copious theoretical facts, for example:

Yes, [teach about practical procedures] towards the beginning of the year when you've got the
most time because towards the end of the year you're really pressed for studying and you just
don’t really have a lot of time for practical stuff. If you introduce it near the end, when you're
studying for exams, it usually just bounces off you, you don’t take it in. ... You're probably in the
state of mind that you're just concentrating on certain bits and if you hear something about
something else you don'’t really tune in.
93T318 Interview
Whilst such comments could be interpreted to indicate that this student viewed
practical work to be of lesser importance than theory for high grade
achievement, the remark signals a time in the school year when this student

considered that there was value in teaching investigative procedures.

7.3.4 Overall summary of Section 7.3 findings

In summary, the 1993 and 1994 student cohorts reported a positive link
between investigative practical work and learning in Biology. They indicated
that being engaged in investigative practical work helped them to learn
biological concepts, and helped them to remember biological knowledge as
they were seeing biology in action. A number indicated that it helped them to
understand more about the nature of scientific inquiry and scientific processes.
It helped their manipulative skill acquisition and through this type of practical
work they learnt to apply skills. In addition they found it enjoyable, relevant
and realistic and felt that it helped them gain confidence as it increased their

personal involvement.
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They were clear as to which skills and attitudes helped them to carry out
investigative practical work, listing an understanding of relevant knowledge,
and an understanding of scientific process skills. They also identified
confidence, accuracy, patience, carefulness, being sensible, being logical, being
analytical, consistency, flexibility, persistence, willingness, determination,
being prepared for failure, and fairness as essential attitudes for success at
investigative work.  Open-mindedness and care with techniques were

mentioned most frequently.

A knowledge of relevant biological concepts and scientific process skills were
seen by the students both as necessary for success, and an outcome from
engagement in, open investigative practical work. The students perceived the
role of the teacher as critical. The teachers could help the students to both
construct meaning and to identify relevant past understandings. The teachers
could help the students to source useful background knowledge, help them to
develop investigative skills and provide some cues as to type of reqﬁired
answer and procedures to follow. However, in general, the students also
wanted their teachers to leave them to learn through their mistakes and to

allow them to design their own ‘experiments’.

7.4 Student preference for open investigations

As well as indicating that participation in open investigative practical work
helped their learning in biology, the students indicated a preference for this
type of practical work. Students in 1993 and 1994 were asked during end-of-
year surveys to indicate their preference for an open investigative approach to
their practical Biology programme. The questions asked were differently
phrased for each of these years and the generated data have been analysed
separately. After the presentation of each of the two years’ data, general

findings will be discussed.

7.4.1 1993 student preferences for carrying out investigations
Seventy-five 1993 students responded to a question which asked them if they
would have liked to have done more investigations similar to two named

researcher designed semi-open investigations which they had all carried out.
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Fifty-six responded in the affirmative (75%), twelve negatively (16%), four (5%)

gave a qualified positive response and three did not answer the question. The

students were asked to explain their answer.

The majority of the positive responses were linked to either affective and
motivational reasons such as ‘interesting’, ‘enjoyment’ or ‘fun’ (mentioned by
41% of the students who affirmed a wish to carry out additional open

investigations), for example:

I would have liked to have done more investigations ‘cause it make things easy to learn and its a

bit of fun at the same time, people will pay more attention to what's going on if its fun.
93T215 End of year survey 1993

Other students recognised the increased personal engagement and the thinking

required by the investigations (39%), for example:

[Yes, I would like to have done more investigations because] it is quite interesting, not only does it
help in our Biology work but it can also help our logical thinking. It is fun.
93T405 End of year survey 1993

[Yes, I would like to have done more investigations because] it extends our usual pattern of
thinking and it helps us develop problem solving skills.
93T308 End of year survey 1993

[Yes, I would like to have done more investigations because] it helps you understand the work and

lets you experiment with your own ideas (work it out for yourself) rather than being told exactly
what to do.

93T325 End of year survey 1993

Twenty percent signalled that their involvement in such investigations had

aided their memory of things biological, for example:

[Yes, I would like to have done more investigations because] they were what I call ‘Fun learning”
and I enjoyed them. I also remember just about everything we did in them.
93T411 End of year survey 1993

[Yes, I would like to have done more investigations because]] doing experiments is very
worthwhile. To me an experiment is more beneficial than writing because I can physically see
results and how they occur. They improve my understanding of the issue.

93T316 End of year survey 1993

[Yes, I would like to have done more investigations because] in performing these experiments you
learn more than you could from reading out of a textbook.
93T311 End of year survey 1993

Fourteen percent appreciated being able to apply biological knowledge or

relate an investigation to the theory they were learning, for example:
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[Yes, I would like to have done more investigations because] | enjoyed having to apply my concepts

to the experiment and constantly having to think for yourself and apply your theories and practical
ability even when it wasn'’t correct.

93T126 End of year survey 1993

[Yes, I would like to have done more investigations because] they are a lot more interesting and
practical than classroom work and give you fundamental ideas on how to carry our investigations

which are new to you. Also gives a basic idea of what future jobs may hold in store for you.
93T101 End of year survey 1993

Changes to regular classroom routines were appreciated by four percent of the

students, for example:

[Yes, I would like to have done more investigations because] its more fun than copying notes from
a book and its easier to understand the concepts involved because you can see how things work.
93T407 End of year survey 1993

[Yes, I would like to have done more investigations because] it meant we didn’t get any homework
that night and the class time was more fun.
93T102 End of year survey 1993

and another four percent focussed on the challenge and mystery:

[Yes, I would like to have done more investigation because] it is fun finding out what the problem
was by ourselves instead of already knowing it before you start the experiment.
93T408 End of year survey 1993

[Yes] I wouldn’t have objected to this, as these experiment’s answers were never known to us
students. It was a bit of an unsolved mystery, which I would liked to have known.
93T222 End of year survey 1993

[Yes, I would like to have done more investigation because] it makes you think about all the
possible outcomes you can create. It gives us a challenge!
93T224 End of year survey 1993

There were some affirmative responses with added qualifiers. These responses
mentioned that the students sometimes felt that they needed more class time to
complete the investigation and also that they needed to know more

information to help them reach answers, for example:

Although in the long term we all learned from these experiments it took too long to determine
methods and then [convert] this to what we need to know in Biology. So, if there was more time,
yes, these experiments would have been beneficial to have more of but taking into consideration the
time frame we had this year it was impractical.

93T303 End of year survey 1993

Yes, but I should study the topic first and then do an experiment because all the ideas [for]

experiments come from the things that you study.
93T127 End of year survey 1993
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Only two of the seventy-five 1993 students rated investigations as boring. Four
were concerned that the work disrupted their regular class work and that this

was a concern when they were struggling to complete their course work, for

example:

No! We already have a busy enough work load without more work being pushed upon us.
93T320 End of year survey 1993

No. They cut into class and were at times boring as opposed to educational.
93T203 End of year survey 1993

These responses may have been linked to a perception that this work was for
the researcher’s benefit rather than for them. Five students indicated that the
degree of personal difficulty that they had experienced when investigating was

sufficient for them to choose to do no more, for example:

No. Because it's hard for me to do things or to start an experiment by myself.
93T221 End of year survey 1993

Overall, these students indicated a strong preference for investigative practical

work.

7.4.2 1994 student preference for carrying out investigations

At the end of the 1994 year the case study students were interviewed by the
researcher in small groups (3 - 6 students at a time) and asked to give a
personal rating of their response to this kind of investigating and to explain

their ratings.

The 1994 students had mixed responses regarding carrying out their own self-
designed investigations compared to following the set instructions of a pre-
structured investigation. Whilst recognising that thinking through the
investigation increased their personal involvement and learning, they had
concerns about ‘getting the right answer’. In addition the students indicated
that they lacked confidence in the early stages of the year but that practice and
time overcame some of their early hesitancy. Their ambivalence comes through
clearly in statements such as:

If you've got a set recipe then you know that your results should be like this and you know that

this is the way you should be doing things, that's the advantage to it. But also the disadvantage is

that you don’t learn how to set up an experiment for yourself, you don’t actually learn how to

think logically.
9415 interview
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[1don’t really like doing experiments] when you have got to make them up. I'm not too good at

working out what you need or all that stuff, but once you do its quite good seeing the results.
9406 Interview

and, when discussing how difficult it was to learn how to do open investigative

work:

S: It was [difficult] really, we didn’t know how to make it up at the start but now we have learnt,
you know, about variables and things like that and its OK. ... Just practice.
9408 Interview

At times the response from the student reflected the increased personal input
required of the students. When a student was asked by the researcher if she
liked to think for herself and to struggle with finding ways to attack an

investigation the reply was:

You need to design the experiment yourself, so that you can carry it out, the individual thing, its
not something that can be taught collectively. ‘Cos if you design an experiment then you design it
like, your things, your favourite things, to test, the things you especially like doing, you design it
to your strengths, and you get good results.

9427 Interview

An inability to find a persuasive answer to their problem was not seen by all
students as a problem and there was a recognition that a lack of clear cut

answers was an acceptable outcome from this work, for example:

And now when we do an experiment we are not afraid to not get any results. We sometimes don't
get results for our experiments but really that’s not so bad. For the other ones you had to get a
result for the experiment or you sort of failed the experiment really. Some of these ones it doesn't
really matter. Well, it matters but not as much as before.

9428 Interview

However some students expressed concern regarding their insecurity over
obtaining the "correct answer". The students’ concern in this regard is best
demonstrated by the following extract taken from a March, 1994 conversation
between the researcher and four of the 1993 students when they had moved on
to Year 13. This group of students were recognising that the more advanced
Year 13 studies were requiring them to think through tasks, and make decisions
for themselves, and that this approach was relatively new in their studies.

(Individual students were not identified on the transcript.)
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R: Now that's interesting, You ve said that twice to me now. Once you said something about
getting the right results and now you've said you don't want things to go wrong. .... Can you

expand on that a little bit?
: Well, you want your experiments to prove your hypothesis right ...

: Do you think all scientists always do experiments which end up proving their hypotheses?

: No ..... disprove it.
: Or disprove it?
: Yeah, well they do lots. When you're in school you just want it to go right.

: You want it to go right. Who decides what’s right?

v o xm »n I N W0

: Well, in the textbook. [They tell us] what actually does happen, what scientists have proved
and your experiments are just reaffirming it. If it proves wrong

o]

: So experiments are for reaffirming knowledge that somebody else has already got?

[92)

: No, there are things that you can do if you want to, but the things that we do tend to have
happened before. You want to get it right, what it says in the book.

: Why?

: You want to please the teacher?

: Yeah that’s what we 've been doing since 3rd form.
: Pleasing the teacher?

: Yeah.

v O »n XX v n =

: And ever since 3rd form we never really had the opportunity to think for ourselves.
Everything's already done for us and we just sort of throw it anywhere.

o)

: What you re saying interests me, so can you think through that again?

S: From 3rd form ... we never actually think for ourselves and now it comes to 7th form and all of
a sudden we have to think for ourselves.

S: Where do I start?
Interview, 93 students, March 1994

This conversation is representative of a concern which was expressed by some
of the students in both year cohorts. The wish to ‘get the right answer’ may
have arisen from a felt need to please the teacher, it may be prompted by
assessment pressures, or perhaps a feeling about the fixed nature of scientific
facts. Some of the students had difficulty in accepting that, in an investigative
problem solving situation what is required is a conclusion, or a decision, that is

well supported by evidence rather than one ‘correct’ answer.

Overall the students indicated that they found carrying out open investigative
work very motivating and that they learnt more when they were engaged in

this type of practical work, for example:
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S1: Ilike the stuff that we have been doing with you, doing it all ourselves, ‘cos I think that you
learn more if you do it all by yourself. 9408

S2:  Yes, you learn more 9403

S1:  Yes, you learn

S2:  Yes, instead of just getting told what will happen or if the teacher says if we do this

experiment this will happen, you get to do it. You want to learn about it, find out if you are
right or not.

Interview 21/7/94

The frequency of this positive response to investigative practical work was
tested by having the 1994 students rate their response to such work on a scale
of 1to 10. A rating of 1 indicated low preference/liking and a rating of 10 high
preference/liking. The frequency of the students' responses and a sample of

their accompanying statements are indicated in Table 7.4.

Score Frequency Sample Related comments

1 1 Because I'm not very good at thinking tor myself, if you have to think for
yourself you might get it wrong.

2 0

3 1 Its rather confusing. Some of them are all right when you know the area of
work you are concentrating on. When you don't know what to expect and
you don't know how to do it its very confusing.

4 0

5 3 Because some of the time you can do it and some of the time you would like
to have the instructions.
The textbook ones get pretty repetitive. Its a lot harder to do it frourself,
because you don't know what to do and you've got to reason all the things
and that’s quite hard, I reckon.

6 3 The experiments don't work sometimes.

7 6 Because they're quite fun, but you just need more explanation of it, what

you are doing, just the basic knowledge of it.

I found them quite boring. I didn't really enjoy them very much but I
suppose they helped, they got me thinking a bit more. ... I think its just me.
I'm not an experimental type person.

I wouldn't give it any higher because I don't like having to plan things on
my own. [think maybe its a confidence thing, that you might mess up
some where.

8 10 It is better for me to be able to bounce ideas off the teachers because the
teachers know what is right.

9 2 Well, T think that as long as you have the background information I think it
is really good.

Instead of just getting told what will happen, or if the teacher says 'If we do
this experiment, this will happen’ you get to do it. You want to learn about
it, find out if you are right or not

10 2 We didn't know how to make it up at the start, but now we have learnt, you
know about variables and things like that and its OK.

(I like doing experiments where] I'm not getting told what to do ‘cos [being
told] doesn't make it very interesting. You can do your own thing, see if its
going to work.

Table 7.4: Student responses when asked to rank open investigative practical
work from 1 (low preference) to 10 (high preference) [n=28]
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Ninety-three percent of the students ranked their involvement in investigative
practical work at higher than the mid point of ‘five’. This data confirmed the
qualitative data which had been gathered from the students and which had

indicated a high level acceptance of an investigative approach to practical work
by the 1994 student group.

7.5 Key findings from this section of the research
The data which has been discussed in this chapter focussed on the affective
domain. The students’ confidence with investigating and their response to this

type of practical work in their Biology programme has been explored.

The students in the four Biology classes at City High in 1993 declared an overall
increased confidence with investigating after experiencing a practical
programme which included a number of open investigative tasks. However
there was a reported loss of confidence with regard to some aspects of

investigating.

Specific findings from the pre- and post-intervention survey data and student
comments suggest that the students believed that their confidence regarding
investigating could be enhanced if they were given the opportunity to reflect on
the process of scientific inquiry and their own practice in this regard; if the
making of linkages between prior knowledge and present situations was
explicitly encouraged by their teacher; if the teachers acknowledged the value
of failure to reach expected outcomes in understanding the processes of science;
if their teachers facilitated ‘refresher’ courses on all aspects of designing,
carrying out and reporting on the findings of practical investigations; and if
their teachers facilitated whole class discussions regarding the application of

the findings of an investigation.

The confidence with which a student approached an investigative task was

likely to be strongly influenced by their perception of the difficulty of the task
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and their personal assessment of their knowledge base, their ability to generate

ideas and their ability to carry out scientific inquiry.

The students beginning a study of Biology at Year 12 brought with them the
practical skills that they had developed and practised in junior secondary
school Science. Much of the practical work at the junior Science level for the
City High students had been teacher-directed with students following set
instructions. The students attitudes to practical work had also been shaped by
their past experiences. If these students were easily to make the transition to
open work in Year 12 Biology then the findings indicated that many of the
students required confidence boosting guidance regarding what was expected
of them, support while they were engaged in open investigations, and feedback

regarding their techniques and findings.

The findings from the 1993 phase of the research informed the second and third
phases of the research project as the researcher and teachers searched for
strategies by which feedback and assistance regarding the process of practical
investigation could be given to students. We, the teachers and researcher, were
also concerned to identify the means by which students could be encouraged to
reflect on the process of investigation. How could students be helped to
recognise when they did not have persuasive answers to the set questions and
be encouraged to plan again and/or repeat experiments? How could the
students’ transferral of cognition and manipulative skills from one practical
situation to another be increased? Classroom strategies and possible focussing
questions for teachers to use were developed during 1994 and used in the

teachers’ guide material for the 1995 phase of the research.

Aspects of investigating which were identified as being linked with a
decreasing student confidence were particularly addressed. Strategies which
addressed these areas included discussion as to the nature of scientific inquiry;
whole class discussion and planning of an approach to solving a particular
"problem"; analysis of "recipe" style investigations from texts, with discussion
as to why the planner may have chosen to carry out the investigation in that

particular manner; breaking down the investigation into its particular phases
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and concentrating discussion on one aspect only; whole group listing of
possible variables, with identification of the independent and dependent
variables and those that need to be kept constant; asking many questions of the
students as they carry out their investigations; having students plan an
investigation and then compare their’s to a given ‘method’ (text or teacher
supplied); asking students to plan their investiga