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Abstract

This study investigated prospective secondary science teachers’ conceptions and
views about the nature of science, and how these conceptions and views are reflected
in their science lesson plans. Prospective teachers enrolled in a secondary Science
Curriculum and Instruction (C & I) course in the Faculty of Eduction, University of
Manitoba were invited to respond to a questionnaire intended to elicit science teachers’
conceptions about the nature of science, and the relationship between their conceptions
of science and lesson plans. Five of the participating teachers were interviewed and
their lesson plans were collected to study how their conceptions influence their lesson
plans.

Most of the prospective secondary science teachers do not consistently adhere
to any one particular philosophical view of the nature of science such as Kuhn’s
contextualism, Popper’s hypothetico-deductivism, or science textbooks entrenched
inductivism. However, Kuhn and Popper’s views were the most favoured by the
subjects in this study, representing a shift from the empirical inductivist view
implied explicitly or implicitly in most science textbooks and commonly held by
science teachers.

The study found that prospective secondary science teachers’ lesson plans were
not only affected by their view of science but also by the curriculum, their perceptions
of their cooperating teachers’ expectations, the grades they taught, and by provincial

testing programs.
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Chapter One

INTRODUCTION

For several decades research on teachers’ conceptions of the nature of science
has proliferated in educational research (Lederman, 1992). Research in this area is
still thriving but the focus has moved from the earlier attempts to assess science
teachers’ conceptions of the nature of science and representations of science in
programs/courses to documenting and analysing teachers’ conceptions (Aguirre,
Haggerty & Linder, 1990; King, 1991; Koulaidis & Ogborn, 1989) and how their
beliefs about the nature of science relate to classroom practice (Brickhouse, 1990:
Duschl & Wright, 1989; Gallagher, 1991; Lantz & Kass, 1987; Lederman, 1986;
Lederman & Zeidler, 1987). According to Lederman (1992), researchers have
identified very important variables such as specific instructional behaviours, activities,
and decisions implemented within the context of a lesson that significantly influence
students’ beliefs about the nature of science.

A review of research on teachers’ conceptions of the nature of science reveals
that most research in this area has focused on experienced secondary science teachers
(i.e., teachers with three or more years of classroom experience), and very little
research is focused on prospective teachers’ conceptions or beliefs about the nature of

science. Moreover, only a few studies (e.g., Brickhouse, 1990; Duschl & Wright,
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1989; Gallagher, 1991; Lantz & Kass, 1987; Lederman, 1986; Lederman & Zeidler,
1987) described how teachers’ subject matter knowledge influenced planning and the

delivery of instructional tasks.

1. What is science?

A brief background discussion of some of the most widely held views about
the nature of science must precede an examination of conceptions of the nature of
science held by prospective science teachers as reflected in their lesson plans.

The demarcation of science and non-science has been an ongoing debate among
philosophers of science. To some philosophers of science, the demarcation between
science and non-science is the falsifiability of its theoretical framework. Explanatory
assertions that do not generate testable hypotheses which could lead to refutation are
not admissible as science. A second view is that science is a matter of consensus
among scientists. The first position is taken by inductivists and hypothetico-
deductivists (e.g., Popper, Lakatos), and the latter view by contextualists (e.g., Kuhn).
Both schools require evidence in support of scientific assertions.

A third view of science is extrapolated from the contextualist view of science
by post-modernists. However, post-modernism deriving from social-constructivism is

beyond the scope of this thesis.
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2. What is the role of scientific theories?

Scientific theories are generated for organizing and interpreting observations or
knowledge gained about the phenomenon under study. Theories serve as explanations
that link diverse sets of data, and they provide a framework that we can fit our current
understanding of a particular phenomenon. This description of theories is compatible
with inductivist and hypothetico-deductivist accounts of scientific theories or
knowledge. A good scientific theory will have both descriptive and predictive powers,
for example Darwinian theory of evolution or kinetic molecular theory of gases
(Stinner & Williams, 1993, p. 27). Besides serving as explanatory schemes, a theory
can act as a basis from which hypotheses can be drawn. A hypothesis can be tested

and based on the results, a theory maybe rejected or modified.

3. How does a scientific theory gain acceptance?

Thomas Kuhn in his influential book The Structure of Scientific Revolutions
(1970) asserted that scientists who accept new theories are those that go through what
he called a "Gestalt-switch". A "Gestalt-switch" involves a change in the conceptual
network through which scientists view the world. One of the examples that Kuhn
used to elaborate this was the different views taken by Galileo and Aristotle about the
movement of a pendulum. To Galileo a pendulum was a body of repeating the same
motion, and to Aristotle it was an example of ‘constrained fall’ (Kuhn, 1970;

Donnelly, 1979). Because Galileo and Aristotle had different views about the
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pendulum motion, they arrived at different conclusions. According to Kuhn "this
diversity is essential to the progress of science, preventing it from entering blind-alleys
when paradigms are first adopted" (Donnelly, 1979, p. 496). Since there is no single
set of criteria that scientists can use to justify a scientific theory, the social process of
convincing and seeking approval within the scientific community becomes essential to
the acceptance of a new scientific theory. To Kuhn, a scientific theory is evaluated on
the basis of generally agreed upon criteria in the scientific community. The status of
theory is tentative because new evidence may emerge or the criteria may change over

time.

4. How does a scientist go about "doing" science?

A scientist does not have the "scientific method" to follow when doing science.
The image of "doing" science portrayed implicitly or explicitly in most science
textbooks is making unbiased observations, generating hypotheses through repeated
empirical observations, experimental testing of the hypothesis and formulating a new
theory. This empirical-inductive view of "doing" science portrayed in many textbooks
does not paint an accurate picture of how scientists do science. According to most
earlier research empirical inductivism was the most commonly held view by science
teachers.

According to Kuhn and other philosophers of science, there is no universally

applicable scientific method for "doing" science. Scientists are guided by a set of
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standards and methods that are relative to a variety of peoples interests and
circumstances at a given time. Popper believes that science cannot be reduced to a
formal, logical system or method. Most philosophers of science believe that theories
are an invention based more on scientists intuition than preexisting empirical data,

therefore observations and experimentations are often theory-driven.

5. How does science advance/progress?

Kuhn believes science advances through an endless succession of long peaceful
periods, which he calls "normal science", which are interrupted by brief intellectual
revolutions. During the "normal science” periods, scientists are guided by a set of
theories, standards and methods, which Kuhn referred as a "paradigm" (Kuhn, 1970).
According to Kuhn when scientists repeatedly fail to resolve an anomalous problem
within current paradigm, it results in the emergence of a ‘crisis’ which attracts the
attention of most able scientists in the field into an effort to find a solution that
incorporates the anomaly. A combination of crisis and a change in the current
paradigm constitutes what Kuhn called a "scientific revolution”. The emerging
paradigm provides solutions to problems and new hopes for future scientific
endeavour. Popper, however, believes science progresses by free, rational pursuit of
the truth. He believes that each theory improves upon its predecessor, and approaches
nearer to the truth.

In general, the process of scientific inquiry distinguishes scientific knowledge
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from other kinds of knowledge. Scientific knowledge is gained by observation and
reasoning. There is no universal specifiable method to pursue this knowledge but
rather is a result of a combination of intuition and imagination. Scientific theories, the
products of a scientific inquiry, serve as explanations which link to diverse data and
help us to predict similar phenomena in the future. Theories also guide future
research. A scientific theory has both explanatory and predictive powers, and its
acceptance is sometimes influenced by politic and public attitude. Science can
therefore be advanced in a variety of ways depending on the availability of resources

and of societal needs.

The Purpose of the Study
This study examines the conceptions of the nature of science held by
prospective secondary science teachers who were in their final year of the Bachelor of
Education program, and to explore how these conceptions influence their science
lessons in their university field placement. The investigation will seek to answer two

questions:

1. What are prospective secondary science teachers’ conceptions about the
nature of science?
2. How do prospective secondary science teachers’ conceptions of the nature of

science influence their lesson plans?
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Rationale for the Study
Fostering positive attitudes toward science has been a major goal of the science
curriculum reform in the last quarter of century. However, the effects on students’
attitudes and interest in science are still found to be discouraging (Hodson, 1988).
Hodson points out that science teachers’ inadequate views about the nature of science
hinder them from promoting positive attitudes about science to their students.
According to Hodson, the most important factors determining students’ attitudes to
science are the teacher’s teaching style and his/her image of science.
A number of researchers and practitioners (Aguirre et al., 1990; Brickhouse,
1990; Gallagher, 1991; King, 1991; Lederman, 1986; Lederman et Zeidler, 1987) have
studied teachers’ beliefs in order to develop an understanding of how these effect the
teaching process. A few of the researchers (Brickhouse, 1990; Gallagher, 1991; Lantz
& Kass, 1987) have indicated that a relationship does exist between teacher beliefs
about science and how they teach science. For example, Brickhouse found that a
teacher’s questioning strategies and tests were linked to the teacher’s beliefs in
accumulation of scientific knowledge. Jackson, Clark and Peterson also urged the
educational research community to pay attention to the "importance of describing the
thinking and planning of teachers as a means to fuller understanding of classroom
processes" (Jackson, 1968; Clark & Peterson, 1986, p. 256). Unfortunately most of
the research in this area has focused on veteran science teachers. As a science

teacher, I am interested in studying the relationship between the prospective science
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teachers’ beliefs about the nature of science and the planning of their teaching tasks.
To most of the prospective secondary science teachers, lesson planning is an essential
component of their science teacher education (King, 1991). Therefore, prospective
science teachers’ lesson plans have become important in investigating the relationship

between their beliefs and how they act on their beliefs about the nature of science.

Limitations of the Study

One limiting factor of this study is the difficulty in assessing prospective
teachers’ beliefs. Mayer and Goldsberry (1987) have hypothesized that prospective
teachers’ beliefs tend to be in a state of flux. Furthermore, as pointed out by
Brickhouse (1990), the prospective science teacher has to reconcile his/her own beliefs
about science and science teaching, as well as outside constraints to his/her teaching.

Many variables such as background knowledge in science prior to a teaching
experience, the nature of the science teacher education program, the climate in the
school and the expectations of the supervising teachers may influence prospective
secondary science teachers’ planning of science lessons. However, this study focused
only on describing the prospective secondary science teachers’ beliefs about the nature
of science with respect to lesson plans.

Teacher planning is a very complex process. As pointed out by Clark &
Peterson (1986) teacher planning is very difficult to study because it is both a

psychological process and a practical activity. According to Clark & Peterson (1986,
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p. 260) teacher planning has been conceptualized by many researchers as: (a) a set of
basic psychological processes in which a person visualizes the future, inventories
means and ends, a construct or a framework to guide his or her future action; and (b)
the things that teachers do when they are planning. This study only gives a very

limited snapshot of the complex process of teacher planning.

Significance of the Study
The study may identify significant areas where prospective secondary science
teachers’ conceptions are incongruous with contemporary views in the history and
philosophy of science and the nature of science. This information may be useful to
help design prospective science teacher training programs aimed at helping teachers to
examine critically the role of scientific knowledge, science learning and science

teaching.
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Chapter Two

LITERATURE REVIEW

The review of the related literature has been organized into three sections. The
first section deals with research on teachers’ conceptions of the nature of science from
1950 to 1980, and the second section focuses on science teachers’ conceptions since
1980. The importance of considering teachers’ beliefs or conceptions about science in
relation to science education, particularly teachers’ practice in science classroom, will
be reviewed in the third section.

The importance of history and philosophy of science to the learning of science
by students has been pointed out by several writers. For example, Fleury, Bentley and
SUNY-Oswego (1991) have argued that the nature of science is a global conception
that frames one’s total scientific knowledge. Bohm and Peat (1987) have called it "the
infrastructure of scientific knowledge - the set of tacit beliefs and skills which allow
one to understand and build scientific knowledge" (Fleury et al., 1991, p. 58). A
consensus among science educators on the importance of the history and philosophy to

science literacy is now generally accepted among science educators.

Early Assessment of Teachers® Conceptions of Science

Early research on science teachers’ conceptions of the nature of science were
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based on the intuitive notion that a teacher must possess an adequate knowledge of
what he/she is attempting to communicate to students (Lederman, 1992). The first
assessment of teachers’ conceptions was done in Minnesota by Anderson in 1950.
Fifty-eight biology teachers and 55 chemistry teachers constituted the sample. These
teachers were asked to answer a total of eight questions on scientific method, and the
result indicated that both groups of teachers possessed serious misconceptions
(Lederman, 1992).

Behnke (1961) used a 50-statement questionnaire to assess the understanding of
scientists and science teachers. The sample consisted of 400 biology teachers, 600
physical science teachers, and 300 professional scientists. Results indicated that over
50% of the science teachers felt that scientific findings were not tentative.

Miller (1963) compared the Test on Understanding Science (TOUS) scores of
secondary biology teachers and secondary students. The teacher sample consisted of
51 biology teachers from 20 Iowa high schools. Miller concluded that many teachers
did not understand science as well as their students, and did not understand science
well enough to teach it effectively.

Schmidt (1967) replicated Miller’s study four years later using a much smaller
sample. Schmidt found that a certain proportion of grade 9 and grades 11-12 scored
higher than 25% of the teacher sample. He concluded that the problem identified by
Miller earlier still existed and recommended that techniques must be developed to

improve in-service teachers’ conceptions of the nature of science (Lederman, 1992).
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Carey and Stauss in 1968 assessed 17 prospective secondary science teachers at
the University of Georgia with the Wisconsin Inventory of Science Processes (WISP).
Prospective teachers were tested at the beginning, and at the end, of a methods course
"specifically oriented toward the nature of science". Pretest scores on the WISP
indicated that these teachers did not possess adequate conceptions of the nature of
science. Posttest scores on the WISP showed a significant improvement.
Furthermore, academic variables such as grade-point average, math credits, specific
courses, and years of teaching experience were found not to be significantly related to
teachers’ conceptions of science. Two years later, Carey and Stauss (1970a) reported
that the experienced teachers’ WISP results were consistent with their previous study.
Kimball (1968) developed and validated a scale to measure understanding of
the nature of science referred to as the Nature of Science Scale (NOSS). This 29 item
scale was based on a theoretical model constructed from a review of the literature on
the nature and philosophy of science. The following eight points are reflected in the

literature:

1) Curiosity is the fundamental driving force in science.

2) Science is process-oriented.

3) Science aims at ever-increasing comprehensiveness and simplification,
emphasizing mathematical language as the most precise and simplest means

of stating relationship.
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4) There is no one "'scientific method".

5) "The methods of science are characterized by a few attributes which are
more in realm of values than techniques" (Anderson, Harty and Samuel,
1986, p. 45).

6) The universe is susceptible to human ordering and understanding.

7) Science is characterized by openness.

8) Tentativeness and uncertainty mark all of science.

Kimball used the NOSS to compare the understandings of the nature of science of
professional scientists to those of science teachers. He concluded that there is no
difference in the concept of the "nature of science" held by scientists and by science
teachers when their academic backgrounds are similar.

In another comparative study Carey and Stauss (1970b) compared 35
prospective secondary science teachers and 221 prospective elementary teachers.
WISP scores indicated that no relationship existed between either secondary or
elementary teachers’ conceptions of science and the academic background variables.
Some background variables were high school science courses, college science courses,
college grade-point average, and science grade-point average of the participating
teachers.

In one study Gruber (1963) surveyed 314 high school teachers who attended

institutes designed to help science teachers view science as a way of thinking. Gruber
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concluded that the institutes did not significantly change high school teachers’ general
understandings of the nature of science.

Welch and Walberg (1968) pre- and posttested 162 physics teachers in a
summer institute program for physics teachers. The teachers at all four sites showed
significant gains on both the TOUS and the Science Process Inventory. However, the
study was not able to establish the goals and activities that led to differential gains in
the understanding of the nature of science.

In another investigation of the effectiveness of a program for improvement of
teachers’ understanding of the nature of science, Lavach (1969) designed, organized,
and conducted an inservice program in the historical development of selected science
concepts. Twenty-six science teachers participated; 11 constituted the experimental
group and 15 served as the control group. The experimental group received instruction
n selected aspects of astronomy, mechanics, chemistry, heat, and electricity.
Laboratory activities were geared to replicate or perform an experiment conducted by
the scientist under discussion. All teachers were pre- and posttested on the TOUS.
The teachers in the experimental group exhibited statistically significant gains in their
understanding of the nature of science.

Billeh and Hasan (1975) attempted to identify factors that would increase the
understanding of the nature of science held by science teachers. Their sample
consisted of 186 secondary science teachers in Jordan. The teachers were divided into

four groups: biology, chemistry, physical science, and physics. All teachers received a
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pre- and posttest on the Nature of Science Test (NOST). All groups except the
biology group received 12 lectures specifically related to the nature of science.
Lectures stressed the nature of science, but were not oriented toward the content of the
NOST. An analysis of covariance showed significant increases in the mean scores of
the chemistry, physical science, and physics groups. The biology group did not show
a significant gain. The result also indicated that there was no significant relationship
between the teachers who scored high on NOST and their academic backgrounds.
Additionally, neither science teaching experience nor teaching subject was significantly

related to gaining on NOST scores.

Recent Assessment of Teachers” Conceptions of Science

Bloom (1989) assessed 80 prospective elementary teachers’ understanding of
science and the variables contributing to this understanding. He used a questionnaire
and a 21-item rating scale to find out these teachers’ prior experience with science,
beliefs about the nature of science, and science teaching. His study indicated that
these teachers’ teaching were significantly influenced by their prior beliefs about the
nature of science. In particularly he found that the anthropocentric nature or people
centred beliefs about science significantly influenced these teachers’ conceptualization
of science, and how they teach evolution. Lederman concurred that teachers’
"understanding of the nature of science is not a simple matter of being exposed to

accurate readings or instruction" (Lederman, 1992, p. 344).
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Koulaidis and Ogbomn (1989) recently assessed beginning teachers’ and
prospective science teachers’ view about scientific knowledge. A multiple-choice
questionnaire with 16-items was administered to 12 beginning science teachers and 11
prospective science teachers. Based on the responses, the subjects were categorized
into the following five predetermined categories of philosophical belief: inductivism,
hypothetico-deductivism, contextualism-rationalist, contextualism-relativist, and
relativism. The results indicated that teachers do not generally possess views that are
consistently associated with a particular philosophical position. Overall, most science
teachers viewed that scientific method is definitely a part of science, but they also
thought that procedures involved a consensus amongst practitioners at a given time.
More recently, King (1991) looked into the beginning teachers’ knowledge of
the history and philosophy of science. Thirteen beginning students registered in a
Science Curriculum and Instruction course were given a questionnaire on the first day
of the course, and eleven of the 13 were interviewed after they had been student
teaching for at least one week. Responses from the questionnaires showed that only 3
of the 13 teachers had taken courses in the history or philosophy of science. The
curriculum course evaluations at the end of the course clearly showed that most
student teachers believed learning the nuts and bolts of teaching (e.g., lesson planning,
evaluation, etc.) was more important than the history of science (King, 1991;
Lederman, 1992). Data from the interviews indicated that the prospective science

teachers have difficulty making the connection between the history and/or philosophy
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of science and teaching of science.

A case study by Aguirre, Haggerty and Linder (1990) assessed 74 beginning
secondary teachers’ conceptions of the nature of science, teaching, and learning.
Eleven open-ended questions about science, teaching of science, and leaming of
science were given to the subjects on the first day of their General Science Methods
course. The qualitative analysis of the responses revealed that most individuals
generalized science either as a body of knowledge consisting of a collection of
observations and explanations, or as a collection of propositions. The concepts of the
role of a teacher as "dispenser of knowledge" and "guide/mediator of understanding"
in science teaching were evenly divided among the subjects. Approximately one-third
of these teachers conceptualized learning as an "intake of knowledge" (Aguirre et al.,
1990; Lederman, 1992). Aguirre et al. conjectured that prospective teachers’
positivistic-empiricist view of science may lead these teachers to adopt a transmission
approach to teaching.

Although the context of these studies are different, the findings are similar.
The research so far had documented the areas or conceptions of the nature of science
held by science teachers. Conceptions that may not be in line with contemporary
thinking in history or philosophy of science. All of the studies thus far had assumed
that a science teacher’s inadequate conceptions about the nature of science would have
a less desirable effects on his or her students. However, none of these studies have

examined how science teachers’ conception of the nature of science affect their
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teaching. The next cluster of studies explored how science teacher’s conceptions of

the nature of science might influence teachers’ instructional practice.

The Role of Teachers’ Conceptions in Teaching Science

In one study, Lederman and Zeidler (1987) assessed 18 senior high school
biology teachers’ knowledge about the nature of science, as well as their classroom
behaviour. Pre- and post tests of the Nature of Scientific Knowledge Scale (NSKS)
were used as a control for any changes in teachers’ conceptions during the
investigation. Teachers were categorized as "high" or "low" with respect to NSKS
scores. Each teacher’s classroom was observed for the entire fall semester, and
attempts were made to record all teacher and student verbalizations, chalkboard notes,
handouts, assignments, teacher mannerisms, nonverbal cues, and physical plan of the
classroom. These classroom observations resulted in 44 classroom variables that were
related to teachers’ conceptions of the nature of science. Some of the classroom
variables (Lederman and Zeidler, 1987, p.727) include (a) rote memorylrecall -
material is (is not) presented at the factual or knowledge level, (b) creativity -
scientific knowledge is (is not) presented as a product of human imagination and
creativity, (c) developmental - scientific knowledge is (is not) presented as being
tentative, (d) restable - the importance of empirical validation of subject matter is (is
not) stressed, and (e) down time - class time is (is not) often characterized by students

waiting for next activity.
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This study found that none of the 44 classroom variables, with the exception of
one variable, down time, significantly differentiated between the "high’ and "low"
teachers. In other words, classroom behaviour of science teachers who had knowledge
of the nature of science showed no difference from teachers who had little knowledge
in the nature of science. The result from this study indicated that irregardless of their
conceptions of the nature of science, science teachers were not conveying their
conceptions of science to their students. However, the study did not investigate why
science teachers were not communicating their beliefs to students.

In another study, Gallagher (1991) and his graduate students studied 25
experienced science teachers’ classroom practices over a two year period. They
conducted several hundred formal and informal interviews with teachers and their
administrators. Observations of these teachers’ classrooms showed that they all taught
science as a body of knowledge. The classwork, homework, and tests were all geared
to learning terminology of science, and virtually no class time was devoted to
discussion of the nature of science. To most of these teachers the objectivity of
science demarcates science from other teaching subjects. Gallagher concluded that
teacher’s conceptions of science influence his/her instructional approach and classroom
climate.

Duschl and Wright (1989) focused their study on the relationship between
science teachers’ knowledge of the nature of science and teachers’ pedagogical

decision making. They observed and interviewed 13 experienced science teachers in a
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high school located in the suburbs of Atlantic city. The results of their study indicated
that science teachers’ beliefs about the nature of science had little influence on their
pedagogical decision making. Duschl and Wright (1989) found that teachers’
considerations for (a) student development, (b) curriculum guide objectives, and (c)
pressures of accountability greatly influenced these teachers in making curricular and
instructional decisions.

Lantz and Kass (1987) studied three experienced chemistry teachers. These
teachers were interviewed and their classrooms were observed. A 90-item Chemistry
Classroom Practice Survey (CCPS) questionnaire was developed to collect these
teachers opinions on objectives, factors influencing curriculum adaptation, and
teaching strategies. In addition, Lantz and Kass used six open-ended questions to
elicit teachers’ concerns of classroom use of the ALCHEM (textbooks that are
authorized for grade 10, 11, and 12 chemistry courses in Alberta). Lantz and Kass
found that three high school chemistry teachers who used the same chemistry
curriculum taught very different lessons about the nature of science, as a result of
differences in their understanding of the nature of chemistry. For example, Lantz and
Kass found that if a teacher values applied chemistry in high school chemistry, the
teacher will select elective time to study applied chemistry topics in the curriculum.
On the other hand, a teacher who values major theoretical concepts and principles in
high school chemistry will use elective time to stress theoretical topics such as

equilibrium. Lantz and Kass (1987) research indicates that teachers’ views of the
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nature of science influence their decisions over selection and emphasis of particular
topics in chemistry.

A recent study (Brickhouse, 1990) on the effect of teachers’ beliefs about the
nature of science on their classroom practice, Brickhouse studied three science
teachers. She interviewed each teacher about their understanding of the nature of
science, and she observed each teacher’s classroom for at least 35 hours. Her findings
indicated that these teachers differed in their views of the nature of scientific theories,
scientific process, and the progression and change of scientific knowledge.
Furthermore, these teachers’ beliefs about science influenced not only explicit lessons
about the nature of science, but also shaped an implicit curriculum concerning the
nature of scientific knowledge. For example, Brickhouse found that a teacher, who
believe science has progressed through successive modification of previous theories
rather than changes in theory, discussed models such as atomic theory as building on
one another. Brickhouse also found that the teacher’s questioning strategies were

consistent with the teacher’s cumulative view of scientific knowledge.

Summary of the Literature Review
The purpose of most of the early research on teachers’ conceptions of the
nature of science was assessment or attempts to improve teachers’ understanding of
the nature of science. Thus, a number of researchers have attempted directly to assess

teachers’ understanding of the nature of science with or without comparison to other
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groups such as professional scientists or high school science students. A number of
other researchers assessed the effectiveness of programs or courses in improving
science teachers’ understanding of science. On the other hand, the focus of more
recent research is on the difference of conceptions held by science teachers’, and the
examination of the impact of these differences on teachers’ classroom practice.
Research on science teachers’ conceptions of the nature of science are
predominately focused on experienced science teachers at the secondary level.
Moreover, methodology of earlier research was generally quantitative and involved
with relatively large samples of teachers, and standardized inventories or scales
commonly used to collect data. Furthermore, most of these scales were developed

based on one or more of the following invalid assumptions:

1. (All) scientists are characterized by specific personality attributes and
attitudes.

2. There is a static relationship between science (and scientific organization)
and society.

3. The "nature of science" is known. (Lucas, 1975, p. 432)

According to Aikenhead (1973), instruments such as TOUS, WISP, and NOSS
have limitations to their appropriate use because they failed in their research design to

detect the effects of different teacher characteristics and teaching strategies (p. 546).



Conceptions
23
On the other hand, recent research on teachers’ conceptions are interpretative in
nature. Observations and interviews are commonly used in the recent research
method, and thus has greater potential for supplying qualitative feedback to a
researcher and science educator.
Overall, there is a general consensus in the literature that science teachers’
level of understanding of the nature of science are critical with respect to science
education. Furthermore, research efforts are needed to focus on the interaction

between teachers’ beliefs and teachers’ action. Brickhouse (1990) stated that:

Further study of the influence of teachers’ beliefs and instructional
strategies is needed to determine how teacher’ beliefs are translated into
pedagogical content knowledge and through it into practices that affect

students’ scientific understanding and their activity in science. (p. 61)

The relationship between prospective teachers’ understanding of the nature of
science and classroom practice is difficult to study. Unlike experienced teachers, a
prospective teacher has to reconcile his own conflicting beliefs or the impact of
institutional constraints on his teaching (Brickhouse, 1990). In addition, there are
many other variables such as experience, environmental constraints, that may prevent a
prospective teacher from using instructional strategies that are congruent with his

beliefs in science (Brickhouse, 1990). The classroom practice of prospective science
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teachers has proven to be difficult to study as found by Brickhouse. She found that
classroom instruction of a prospective teacher under study was variable, and could not
be predicted from interview data. In this study since it was not possible to observe
each participating preservice science teacher in action, it therefore focused on
prospective secondary science teachers’ beliefs about science and how it affected their

lesson plans.
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Chapter Three

METHODOLOGY

This study used a qualitative methodology to explore prospective science
teachers’ conceptions or perceptions of the nature of science and how it relates to their
science lesson planning. Because the data sources were the language, thoughts,
feelings, perceptions, and lesson plans of subjects, interpretation was necessary.
Qualitative methodology was used because it allowed for a variety of data-gathering

methods such as questionnaire, interview, and document collection.

Subjects

Subjects for the study were 15 prospective secondary science teachers enrolled
in the final year of a Bachelor of Education program in the University of Manitoba.
All subjects had completed undergraduate degrees in science and had recently
completed a 10-week course in Science Curriculum and Instruction (C & I), followed
by a 5-week student-teaching session. The course, at an introductory level included a
coverage of topics in science curriculum and methods of teaching science. The history
and philosophy of science was an important component of the C & I course and many
students had completed a course that dealt with that topic in some detail. Subjects

were informed about this study at the end of the course. The letter (Appendix A) was
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invitation for prospective science teachers to participate in this study.

Data Collection
At the end of the 5-week student-teaching session, questionnaires were sent to

these individuals. For this study data were collected in the following three phases.

Phase |

The first phase of data-collection was the administration of a questionnaire (see
Appendix C) consisting of 6 items. Ten of the 15 questionnaires distributed were
returned.

The first 5 items provided data relating to research question 1 and were
designed to elicit subjects’ conceptions about the nature of science. The sixth item
was aimed at determining the relationship between subjects’ conceptions of science
and their lesson planning. Its intent was to explore how the subjects connect their
science planning with their views or beliefs about the nature of science. Item six
supplied data relating to research question two, which was to be further explored

through the interviews described in Phase 2.

Phase 2
The second phase of this study was a semi-structured interview (see Appendix

D) with the subjects. These six interview questions focused on the relationship
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between the subjects’ conceptions and lesson planning. Out of ten who returned the
questionnaire, five agreed to be interviewed. Each interview lasted 15 to 20 minutes
and was audio-tape recorded. All interview tapes were transcribed and later destroyed

when the transcription was completed.

Phase 3

The last phase of data-collection for this study was the gathering and
photocopying of actual lesson plans developed by 5 prospective secondary science
teachers. All lesson plans were developed and used by the prospective teachers during
their 5-week science classroom teaching in different schools. These lesson plans in
conjunction with the questionnaire and the interview with the subjects were used to

examine the relationship between the subjects’ conceptions and their lesson plans.

Interpretation of Data
The questionnaire responses from the first phase of data collection were
analyzed to determine the qualitative differences of the subjects’ conceptions of the
nature of science. The data from the second and third phases were analyzed to
determine how the subjects’ conceptions about the nature of science were carried out

through their lesson plans.
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Chapter Four

RESULTS AND ANALYSIS

Results

The finding of this study did not support the results reported from previous
studies (e.g., Aguirre et al., 1990; Gallagher, 1991; King, 1991) on science teachers’
conceptions about the nature of science. The results of this study indicated that most
prospective science teachers can articulate their view about the nature of science upon
recently completing a 10-week Science Curriculum and Instruction course followed by
a 5-week classroom teaching practicum. Not all of their views were in alignment with
contemporary philosophers of science. For example, a few of them still believe
science is a search for the truth and there is a stepwise scientific method.

The results of this study also did not support findings such as those of King
(1991), that prospective secondary science teachers lack knowledge of how to connect
the history and philosophy of science to science teaching. Seven out of 10 of the
subjects were able to describe on the questionnaires how they would include the nature
of science in their lesson plans. Of five prospective science teachers interviewed,
three subjects reported that they had taught science in accordance with what they

believed about the nature of science.
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The questionnaire responses revealed various conceptions about the nature of
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science held by the prospective secondary science teachers. The following table was a

result of re-reading and re-sorting of the responses to each item on the questionnaire.

Table 1. Subjects’ conceptions of the nature of science

Conception of what science is
A way of knowing
A search for truth

Conception of the role of scientific theories
Explain
Predict

Conception of the acceptance of a scientific theory
Cannot be refuted/falsified
Change in thinking/transform in vision

Conception of "doing" science
No single specifiable ""Scientific Method"
"Scientific Method"

Conception of progress in science
Kuhnian revolutions in science
Apply "scientific method"
Technology
Question not answered

Connection of science lessons and teachers’ view of science
Connection
No connection

o2e]

e e]
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T*
4%
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*Answers represented more than one category.
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1. What is science? (or what is science about?)

The responses to questionnaire item 1 (Appendix C) provided the data for the
identification of subjects’ conceptions of science. Subjects’ conceptions of science fell

into two groupings, science as a way of knowing and science as a search for truth.

(i) Science as a way of knowing: Here science was portrayed as a way to find out
how the world, or the universe works. It provides explanations to what is observed.
An explanation is seen as important to make sense of what is observed, how and why

things work. Typical responses of "a way of knowing" were:

a) Science is the "methods" we use to explain what one observes, why things
happen to be the way they are, how things are transformed, and the reasons
why they occur;

b) Science is the attempt to explain why the world is the way it is, why

phenomena behave in the manner in which they do.

(i) Science as a search for the truth: These responses assumed the real world is
knowable and the truth is out there. Science involves a search for the truth about our
world. However, this search will never end up finding the ultimate truth, but closer to

the truth. Therefore, science is a constant search for the truth. For example:
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a) Science involves the constant search for truth in which human beings are
practising since early times;
b) Science is a search to find the truth, however, science doesn’t necessarily

equal the truth.

2. Give examples of scientific theories, and then discuss their role.

Responses to questionnaire item 2 indicated that most of the subjects see the
role of scientific theories as either providing explanations or predictions about the
natural phenomena. None of their responses identified the importance of both
explanation and prediction. Some of the responses that identified the role of theories

providing explanations were:

a) The role of scientific theories is to explain the world and universe in which

we live;

b) They play a role in attempting to "explain" an observation.

An example of a response that favours the role of a theory to provide a prediction is:

¢) This theory helps us predict reaction products.

3. How does a scientific theory become an accepted theory?

Responses to item 3 of the questionnaire identified two major categories; one,
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in favour of Popper’s assertion about falsification and the other Kuhn’s "Gestalt-

switch" .

(1) In favour of Popper

Six out of 10 subjects in this study tend to agree with the philosopher of
modern science, Karl Popper’s falsifiability, or refutability, or testability of scientific
theory. To Popper, theories are conjectures, or tentative hypotheses. He asserted that
scientific theories can never be proved through observations or experimental tests but
only disproved, or "falsified". A theory can be rejected or accepted based on the
results of tests. To most of the subjects, a scientific theory is accepted if it can
survive many tests without being falsified. Examples of responses that fell into this

category include:

a) ...if it lasts for a long period of time without being proven false;
b) ...theories which are not proven false and which conform to the current
paradigm of science;

¢) When all the ideas/hypotheses that are part of the theory cannot be falsified.

(it) In favour of Kuhn

Others tend to adopt what Kuhn called a "Gestalt-switch". A Gestalt-switch

involves a change of one’s world view. Kuhn believes that a new theory becomes
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accepted if many scientists can make a Gestalt-switch. The following response from
the questionnaire described a change of view about the combustion and the nature of

air, from phlogiston or "fixed air" to oxygen.

-..the discovery of oxygen. At that time the scientific community was
diligently accepting the theory of phlogiston, when Lavoisier came with
the revolutionary idea of the existence of oxygen gas. After several
attempts to demonstrate this new idea, Lavoisier finally conquered the
scientific community approval. This approval was acquired by the

change of vision on the scientists of that time that were pro-phlogiston.

Two subjects had even gone further to point out the differences in views
among scientists themselves and the difficulty for some scientists to accept a new
theory even in face of evidence. They also pointed out that a scientific theory may

take a long time to gain acceptance. For example:

a) Some theories only gain acceptance after all the "old thinkers" have
either died or retired and the new generation of scientists who believe
this theory have become the influential scientists. (Questionnaire return)
b) Accepted theories are theories which are not proven false and which

conform to the current paradigm of science. Thus radical theories which
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challenge the established or conventional wisdom have a hard time gaining

acceptance. (Questionnaire return)

4. How does a scientist go about "doing" science?

Four subjects responses to questionnaire item 4 indicated that "doing" science
means following a stepwise method or a recipe. In one instance, this 5 steps of doing

science was given.

1. Scientists observe something

2. They propose an experimental plan (hypothesis)

3. Test or explain that hypothesis

4. Results may prove or disprove the hypothesis

5. If hypothesis is disproved, then the results obtained would require the
construction of a new theory, (or replace the discarded theory), and to

account for the new results.

This is the Pearsonian image of science that Stinner & Williams (1993) pointed
out is commonly portrayed in science textbooks from the middle grades to high
school. This picture of "doing" science was based on Karl Pearson’s The Grammar of
Science and has a profound effect in some science textbooks still in use. It is not

surprising to find that some subjects still adhered to this view of "doing" science.
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Nevertheless, most of the subjects think science has a range and variety of
methods and there is no universally applicable scientific method. For example, some

described a variety of ways that scientists do science, as follows:

a) They [scientists] set up experiments to test their ideas, and read the works of
other scientists to guide their ideas.

b) Scientists take available information that is available to them from scientists
papers, from their own observations, from talking to colleagues, etc. to derive
theories about "phenomenon". A scientist then makes hypotheses based on a
particular theory and tests these hypotheses.

¢) "Doing science" may include systematic step-by-step procedures, or random
- sometimes accidental discoveries. There is no one set method which describe

how scientists "do'" science.

5. How do you think science advances/progresses?

Responses to item 5 of the questionnaire indicated that 6 subjects subscribed to
Thomas Kuhn’s view of normal science and revolutions in science. Within normal
science only models or theories consistent with an existing view or paradigm are
accepted. Also, according to Kuhn, science does not advance or progress in a smooth,
linear fashion, but in a series of "revolutions" involving changes to existing views or

paradigms. New scientific theories solve problems which cannot otherwise be
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resolved by existing theories. Examples of subjects’ responses that subscribed to

Kuhn’s view were:

a) Scientific progress has not been linear rather it has been through revolutions.
Before reading Kuhn, I too, thought of science as being absolute, objective and
free from outer influences. But as I have found out this is certainly not true
and advancement in science does not follow a linear path. It takes a revolution
for scientists to get rid of old "dogma" and entrenched ideas to consider new
views. (Questionnaire return)

b) Science progresses as a series of increasingly better explanations about
phenomenon. New theories replace older ones as new evidence arises or as
new explanations explain anomalies that were present in a precious theory.

(Questionnaire Return)

Three subjects pointed out that factors from outside the scientific community
also have a strong impact on the progress in science. Politics, funding and public
attitude were identified as having a strong hold on scientific activities, as illustrated

here:

-.progress may be hampered by politics, funding, and general attitudes held by

the scientific community. In some cases, new ideas are repressed.
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From time to time, in some areas, we may actually regress. Causes of
regression are rooted in social and economic realities - established authorities

repress certain scientific endeavours for social or economic reasons.

One respondent considered scientific knowledge - an end-product of activities
as a result of the application of ‘scientific method’. He depicted scientific progress as
"following the steps done in question No. 4" [a stepwise, so-called “scientific method"]
(Questionnaire return). One other respondent indicated that technology is responsible
for progress in science. No doubt it is difficult sometimes to pinpoint which one leads
the other as we know progress in science and in technology have gone hand in hand.

Even though they are interdependent, science and technology have different aims.

6. Name a conception or unit in science you plan to teach. Describe how vou would

plan to incorporate the ideas about science that you have just described above into the

lesson plans for the named science conception or unit.

The last item of the questionnaire was concerned with the link between
prospective teachers’ planning and their conceptions of science. It was found that
most of them included historical development of a model or a theory under the
discussion in their lesson plans. For example, one of them who taught a biology topic

wrote:
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To introduce the topic of DNA and the double helix, I talked about the history
of the development of the double helix model from the discovery of nucleic
acids and the theories of chemical bonding up to the discoveries made by
Watson, Crick and Franklin based on what was previously known and what

they reasoned from x-ray crystallography.

Another prospective science teacher who taught organic chemistry wrote:

I told them how the term organic came to be used in this case -
Wohler’s urea synthesis/vital force theory etc. - how even though the

term [organic] is not quite correct it continues to be used.

A third prospective science teacher challenged the students with the public
image of scientists as nerds or authoritarians. The prospective teachers’ lesson plan
included the students performing skits on the life of either Aristotle, Count Rumford,
James Joules, or Lord Kelvin in order to "instill in students the idea that scientists are
not necessarily ‘inspired geniuses’ but individuals with personalities and quirks"
(Questionnaire return).

The following excerpts from the questionnaire returns indicated what, and
how, the subjects had incorporated in their science lessons in order to convey the

impact of politics and funding on science endeavours. Illustrated here also were the
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exhibition of the notion of human biases, beliefs or ethical dilemma involved in

science.

a) I showed them a video on cold fusion and gases. This video explained
unexpected results do occur, data manipulation occurs, political interference in
research occurs.

b) I also showed them a CBC video from the Winess series on cold

fusion. This video shows clearly that science and scientists are

dependent on such things as government grants, and the support of

accepted scientific journals. The video also showed that science is not

objective - sometimes scientists manipulate data to protect a paradigm.

Only 3 of the subjects’ lesson plans failed to indicate a clear connection
between their conceptions of science and their science lessons. In these lesson plan
objectives, definitions, theories, activities, and evaluation seemed to dominate the
subjects’ planning. No part of the lesson plans were devoted to the historical
development of a theory under study, nor were issues around the nature of science

included.

Summary

Table 1.1 summarizes the written responses to all the items in the
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questionnaire. The responses to the first 5 items of the questionnaire indicate that the
predominate view about science is a way of knowing, and a systematical search of
how and why the world works. The role of scientific theory is to explain the
phenomenon under study. More than one half of the respondents agreed with Popper,
who maintains that a scientific theory can never be proved through experimental tests,
but only through falsification of hypotheses generated from the theory. Most of the
respondents also believed that there are various methods of "doing" science. In
addition, other factors such as politics, religion, and funding also influence scientific
endeavours. Kuhn’s "revolutions in science' is commonly accepted as the way science
progresses.

The written responses to the last item of the questionnaire indicate that most
prospective science teachers would incorporate their views about the nature of science
into their lesson plans. A majority of the respondents either incorporated historical
developments into the topic they taught, or incorporated a discussion on non-
objectivity or non-absoluteness in carrying out scientific activities.

Overall the prospective secondary science teachers participated in this study
can articulate their views about the nature of science. In addition, most of them
seemed to have an adequate view of the nature of science. However, only a few of
the subjects’ views were found to be incongruous to the contemporary views about the
nature of science. For example, two subjects still held-on to the wholly rationally,

logical approach of "doing" science, which dismissed the creative and the innumerable
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paths that may have been taken in a single scientific endeavour.

Analysis of Subjects’ Interview and Lesson Plans

The following section addresses research question two on how beliefs about the
nature of science affect prospective science teachers’ lesson plans, if at all. Five
subjects to whom I have assigned the fictitious names of Michelle, Jason, Susan, John
and Dennis were interviewed. In each case, the first step was to establish the
individual’s view on the nature of science based on the questionnaire return and the
interview. The second step was to examine their lesson plans in light of their views

about the nature of science.

Michelle

Michelle holds a Bachelor degree in Chemistry. Chemistry and Biology are
her major and minor teaching subjects respectively. During a 5-week student-teaching
period, she taught grade 12 Chemistry, grades 6 and 8 General Science in a small
town north of Winnipeg.

She viewed science as a way of knowing the world or the universe. To make
sense of different observations, organizing principles or models are indispensable in
her conceptions of science. She also pointed out that models are powerful in terms of
predicting future occurrences of a particular phenomenon. The importance of

prediction in science also influenced her view on how a scientific theory becomes
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accepted. She wrote: "Theories become accepted as they prove consistent with a large
body of data, and make predictions that are found to be true" (Questionnaire return).
Moreover, she was also aware that other factors such as politics, religion and money
have an impact on the status of a theory. In addition, her response to questionnaire
item 6 on lesson planning is consistent with her view on the role of a scientific theory

is prediction. The following is the excerpt from the questionnaire item 6:

In teaching about atomic theory, I would discuss how the theory has
changed, and why the old theories were limited rather that "wrong". I
want my students to get the idea that the current theory is not the final

word, but it is very powerful in terms of prediction.

The following excerpt from the interview showed that Michelle incorporated her view
about a model as providing explanations, and that a model changes in light of new
evidence. She even challenged her students by encouraging them to provide

alternative models about heat conduction.

In grade 8 we were doing heat, we looked at an old model, a couple of
old models of how heat conduction works, and I have students create
their own models on convention current and then offer some kind of

hypotheses about what that model would imply and then we tested



Conceptions
43
them. So we both looked at the classic scientific method according to
the textbook description, but also at how the models have changed and
they aren’t bad models. They were just incomplete, new information

causes them to evolve.

In a lesson plan‘ on Heat for a grade 8 Science class, there was a sketch on the
historical development of theories on heat. From Aristotle’s theory of matter to
explain hotness or heat, to 1750’s caloric theory to measure heat content, then to the
present day kinetic molecular theory to define heat as a measure of the kinetic energy
of particles. However, her lesson plan on acids and bases for grade 12 chemistry were
laden with scientific facts. There were lists of objectives, problems for students to

work on, definitions and an outline of activities. She explained in her interview:

You have a lot of material to cover, a lot types of problems they have to be
able to do, specially given, but there is a provincial exam so I did less of that

[nature of science] in the grade 12.

Michelle’s lesson plans for grade 12 seemed to be preoccupied with covering
the standardized tests and curriculum. Constraints such as province-wide evaluation
on student learning identified here seemed to have a great impact on the teachers’

planning, as found in other subjects lesson planning as well.
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Jason

Jason has a Master’s degree in zoology. He also has some teaching experience
before entering the Bachelor of Education programme. During the 5-week practise
teaching, Jason taught grade 11 Biology and grade 10 Science.

Jason’s view of science is one of systematic pursuit of knowledge about the
world. According to Jason theories give us rational explanations, and guide us to seek
better explanations or theories about the world. The status of a theory is based on the
time it can last without being disproved. Jason believes there is no specifiable
scientific method to do science, instead scientists take what’s available to work with to
come up with better explanations about a phenomenon. His view about theories that
explain anomalies, which previous theories could not, was compatible with Kuhn’s
view about what a theory is about. Science then advances as more new theories can
provide "a series of increasingly better explanations about phenomenon."
(Questionnaire return)

Jason taught a topic about gene action in Biology. His science lesson included
a discussion of the origin of DNA and the historical development of the DNA model.
The following excerpts from the interview alluded to his view about science theories,
or models, as being a result of increasingly better explanations in face of new

evidence.

To introduce the topic of DNA and the double helix, I talked about the
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history of the development of the double helix model from the
discovery of nucleic acids and the theories of chemical bonding up to
the discoveries made by Watson, Crick and Franklin based on what was

previously known and what they reasoned from x-ray crystallography.

An examination of the lesson plan revealed nothing related to the origin of the
concept of DNA. However, the responses to the questionnaire and the interview with
Jason convinced me that the written lesson plan was not his entire teaching plan. He
explained that most of his lesson plans were in his ‘head’- and I have no doubt about
that given the knowledge he has in biology. Nevertheless, from his response to the
questionnaire and the interview it is evident that Jason emphasized the history of
science in almost every lesson he taught. The following excerpt from the interview
justified his view that science lessons should incorporate historical development of the

concept or theory.

Otherwise the kid is just taking what you said as facts or memorizing it
and pretending they believed that what is...if you can give them some
more information on theory behind what actually goes on, where it

comes from, makes more believable and makes more interesting too...

Jason also pointed out that the curriculum and time allotment did not permit
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him to do an in-depth analysis about the history of science on the topic he taught.
The data from the interview revealed that he had come to a compromise among his

conceptions of science, the curriculum, and the time needed to complete the lesson.

I guess, you cannot spend too much time on it. But I think you can work in

where you can. Yeah, I think you should have, it is obvious in the curriculum
you don’t, the way it is, you don’t have time to do a real in-depth analysis of
history exactly what experiments were carried out to show certain phenomena

of it. I think you can fit it in where you can without taking up too much time.

Susan

Susan has a degree in Biology and is in her final year of her Bachelor degree
in Education. During her student-teaching period, she taught General Science to an
"alternate" class (i.e. class consists of students with learning difficulties due to culture,
or language or home environment) in a large high school in Winnipeg.

To Susan science involves "the constant search for truth" (Questionnaire
return). Her belief is that human curiosity and sense of exploration have propelled
this search for truth. Scientific knowledge is therefore a product of this persistent
endeavour. According to Susan this knowledge helps us to understand the physical
and biological factors that affect our lives. Susan agreed with Kuhn in that a Gestalt-

switch is a necessary process for scientists to come to accept a new theory. The
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following excerpts from her response to questionnaire item 3 illustrated the process of

convincing and seeking approval from the scientific community.

After several attempts to demonstrate this new idea, Lavoisier finally
conquered the scientific community approval. This approval was
acquired by the change of vision on the scientists of that time that were

pro-phlogiston.

Susan believed there is a scientific method or recipe for scientists to follow
when they are carrying out science activities. However, her belief about progress in
science is not clear because she simply outlined the steps that Kuhn believes about
how science progresses, including paradigm, normal science, crisis, scientific
revolution, and new paradigm to normal science. Susan exhibited knowledge of
Kuhn’s assertion about the nature of scientific development, but her own conception
seemed yet to formulate.

Susan’s view about the nature of science does not seem to have a substantial
effect on her science teaching plans. The written responses to item 6 did not provide
any clues to the connection between her views about science and science lesson plans.
A subsequent interview with Susan found that knowing student levels are important
when it comes to her science lesson planning. She said: "First thing, I see what kind

of group of students I have, okay. I have to plan according to their levels..."
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(Interview with Susan). Her science teaching plans were primarily concerned with
learning objectives, procedures by students or herself on how to carry out an activity,
materials to use, and the assessment of students’ learning. Her weekly plan also
reflected her concerns of organization, and day to day instructional routines of science

teaching.

John

John has a degree in Chemistry and he has worked in the chemical industry for
some time. During his practise teaching he taught grade 11 Biology, grade 12
Chemistry and grade 10 Science.

To John science is "a collection of methods" (Questionnaire Return) used to
seek explanations about what we observe. A theory explains what occurs in physical
nature. A new theory is accepted if it can explain all the observations made about a
phenomenon, or if a new theory can explain problems that an existing theory cannot.

John believes there is a systematic way of doing science. He outlined the steps as:

1. Scientists observe something

2. They propose an experimental plan (hypothesis)
3. Test or explain that hypothesis

4. Results may prove or disprove the hypothesis

5. If hypothesis is disproved, then the results obtained would require the
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construction of a new theory, (or replace the discarded theory), and to

account for the new results.

John believed that there is a so-called "scientific method". His responses
showed an inductivist’s commitment to precedence of observation over theory. He
also subscribed to the inductivists’ notion of initial unbiased observations as the basis
for building scientific theories. John also believed that science advances by recycling
the above steps which according to Hodson (1988) is only partial insight into the
methods used by scientists. In addition, John’s view of "doing" science had a
positivist flavour. He stated that scientists can "prove" or "disprove" a hypothesis
(Questionnaire Return). Furthermore John’s view on how science progresses through
the application of "scientific method" influenced his lesson planning. In particularly,
he thought experiments and the applications of chemistry in daily life are the ways to
convey his science ideas to students. He said: "The nature of science, the nature of
chemistry, when one talks about chemistry, I always related to something of daily
life... how do they found out these, I mean is by experiment." (Interview with John).
Therefore, ‘hands-on’ activities were found in almost all of his lesson plans.

John has the most comprehensive written lesson plans compared to other
subjects in this study. For example, one lesson plan about solutions in chemistry he
developed for a grade 11 class consisted of a list of objectives, an introduction to the

subject, followed by the procedure, problem solving and a conclusion at the end. His
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lesson plans included examples of solutions in students’ everyday lives, experiment
demonstrations to illustrate a particular concept, and ‘hands-on’ activities for his
students.

Another example of John’s lesson plan that is consistent with his view of
"doing science" was the law of conservation of mass for grade 9 Science. John
introduced the concept of "conservation of mass" and gave the students a brief
introduction to the origin of the concept. Students were assigned groups to carry out a
"hands-on" activity with potassium iodide and lead nitrate.

A lesson plan that he had developed for grade 10 Science was about atomic
structure and chemical bonding between atoms. In the procedure section of this lesson
plan, he had described the atom theory from Democritus of ancient Greece to
Rutherford’s experiment with gold foil. John thinks it is very important for students

to have a sense about the change of thinking for things we observe. He remarked:

It’s just to help to motivate them [his students] in their thinking about science.
It shows them how people before them saw it, how did they think, and how did
they arrive at the consequences or how to explain things which they have

observed. (Interview with John)

Dennis

Dennis holds a degree in Science. Before working towards a Bachelor degree
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in Education, he worked in the forestry industry for several years. During his 5 weeks
of student-teaching he taught grade 10 General Science and grade 11 Biology.

According to Dennis science is about understanding our environment and about
how people and the environment interact with one and another. Dennis believes that
theories link different data and help us to explain a phenomenon under study. A
theory becomes a scientific theory if we fail to disprove it, which is in agreement with
Popper’s position. Dennis is also in agreement with Kuhn, in how scientists do
science and how science advances. His responses to the last item of the questionnaire
indicated that he would incorporate the change of theories, for example, the
replacement of the phlogiston theory of fire by the modem theory of fire as
combustion.

An examination of Dennis’ lesson plans revealed that his plans mainly
consisted of notes and overheads for the science classes he taught. His lesson
planning seemed to be profoundly affected by his perception of the cooperating
teachers’ demands. The following excerpts from the interview transcription indicated
that giving out scientific facts was what he was expected to do by his cooperating

teachers.

A lot of time they [cooperating teachers] piled up information and the volume
of the information, I mean, it all comes down to time too. If they gave you

more information to deliver to the students, a lot of it is facts. Well, I got to
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give it to them [students].

Time was another thing that Dennis felt impinged on his science planning. Dennis
stated that learning about the nature of science is important for science students,

however, teaching time is the big factor to prevent him from teaching the nature of
science. He said ""You have to cover the curriculum. That’s laid out for you. My

ideals sometimes have to be pushed aside" (Interview with Dennis).

Summary

Michelle, Jason and John’s conceptions of the nature of science played a key
role in each of their science lessons during a 5 week classroom practicum. Most of
their science lessons had incorporated some aspects of their conceptions of the nature
of science. This implied a link between what they believe and what they practice.
For example, most of the prospective science teachers had included a description or
discussion about the origin and the development of a particular model or theory under
the study. Michelle had discussed in great detail with her students the development of
the modern atomic theory. They used the history of science as an introduction to the
topic to help students tune into the evolution of a theory, so their students could get a
sense of history and human endeavour in science.

Lesson plans and interview data indicated that Susan and Dennis’ conceptions

of the nature of science did not play an important role in their science lessons. Their
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views about the nature of science were not implied anywhere in their lesson plans,
instead their lesson plans were devoted to scientific facts. This may be attributed to
the nature of the topics they were assigned, for example, they both taught ecology.
Topics that may not have a direct, immediate grand theory, or lack of knowledge or
flexibility on their part in adapting lessons to incorporate some aspects of the nature of
science. There are other variables such as curriculum, time, and expectations of
supervising teachers that have significantly influenced their way of planning science
lessons.

The lack of consistency of subjects’ conceptions of science and their lesson
plans helped to identify relevant variables that need to be thoroughly examined in
future studies. Variables such as science curriculum, schedule, expectations of
cooperating teachers, and provincial testing programs that affect how teachers

teach science.
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Chapter Five

DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS

Discussion

The results of the study must be considered in the light of the fact that a
relatively small number of subjects were selected from a large group by volunteering
to participate in the study. Accordingly, this study may not be reflective of
prospective secondary science teachers at large. Most prospective secondary science
teachers in this study had been exposed to issues concerning the nature of science, and
developed what seems to be an adequate view about the nature of science. The study
revealed a tension between incorporation of the nature of science in science lessons,
curriculum demands and provincial testing. Michelle, Jason and Dennis consistently
verbalized their teaching experience with this tension. Michelle, Jason and John
reconciled the tension between their view of the importance of the nature of science
and outside constraints on their teaching by incorporating the nature of science into
their lessons whenever and wherever it seemed possible. Dennis, on the other hand,
decided to put his ideals aside for awhile.

The lesson plan format emphasized in education courses is comprehensive but
difficult and time-consuming for science teachers to emulate in their day-to-day

teaching. It is not surprising therefore, that lesson plans were not complete detailed
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blueprints for each class period but outlines of objectives, activities and a sketch of the
development of the class activities. On the other hand, the lesson plans, in
conjunction with the interviews, revealed some beliefs about the nature of science held
by the subjects when planning their science lessons.

The curriculum guide and standardized evaluation greatly affected three of the
subjects’ lesson planning. For example, two subjects reported that they have no room
for the discussion of the nature of science at higher grades, such as grade 11 or 12.
They perceived themselves to be tied down by the curriculum and standardized
evaluation. This reflects the unimportant role the history and nature of science play in
the current high school science curriculum in this province. A more balanced
treatment of content knowledge and the nature of science may be needed in teaching

and evaluation in the high school science curriculum.

Further Study
This study investigated prospective secondary science teachers’ conceptions
about the nature of science and how these conceptions influence the prospective
science teachers lesson plans. A natural extension of this study would be to
investigate the relationship between teachers’ conceptions and their students
conceptions about the nature of science. It would be particularly useful to find out
how students” conceptions of the nature of science is affected by teachers’ conceptions

of the nature of science.
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The present study identified variables that affect the extent a prospective
science teacher incorporates the nature of science into lesson plans. Variables such as
science curriculum, schedule, and expectations of supervising science teachers.
Perhaps in future studies the role of each of these variables can be examined

thoroughly.

Conclusions

This study has revealed that prospective secondary science teachers do not
consistently adhere to any one particular philosophical view of the nature of science,
such as Kuhn’s contextualism, Popper’s hypothetico-deductivism, or science textbooks
entrenched inductivism. However, Kuhn and Popper’s views were mostly favoured by
the prospective science teachers in this study, representing a shift from the empirical
inductivist view implied explicitly or implicitly in most science textbooks and
commonly held by the majority of science teachers.

The study found that there is a link between the subjects’ conceptions and their
lesson plans. One of the common conceptions of the five subjects’ studied in some
detail concerns scientific theories. Three of the subjects’ lesson plans were influenced
by their understanding of the nature of scientific theories, which is tentative and they
evolve over a long period of time. The process involves creativity and imagination of
many peoples, and through modification or replacement of previous theories with

better theories. However, the subjects’ lesson plans were not only affected by their
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view of science but also by the curriculum, their perception of the cooperating
teachers’ expectation, grades they taught, and provincial-wide testing programs.

The study also found that a prospective science teacher can cover the
curriculum material without making any reference to the nature of science. It seems
the nature of science has no explicit place in the present science curriculum, so it is up
to the conscientious teachers to give a balanced view of the science as it is to students.
Perhaps a more balanced treatment of "factual' content and philosophy of science may

be needed in teaching and evaluation procedure in school science curriculum.

Recommendations

Recommendation 1

The results of this study support the recommendations of Hodson (1986 &
1988), Gallagher (1991) and others for science curriculum revision that links scientific
knowledge more closely with the epistemology of science. Without such a revision,
science teachers will continue to emphasize the coverage of scientific facts, while
paying only lip service to the history and philosophy of science. Accordingly, it is
recommended that provincial science curriculum be revised so that it reflects modern
ideas about the nature of science and promotes an understanding of science in

students.
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Recommendation 2

Strongly held but out-dated views about the nature of science such as John’s
belief in a rational and logical stepwise scientific method were probably instilled
during high school and/or college years, and reinforced by science textbooks.
Accordingly, it is recommended that university science courses include information on
the history and philosophy of science in the context of the respective subject matter.
Further, it is recommended that educators encourage science textbook publishers to
remove references to "a scientific method". Particularly, the one of Pearson’s from
their textbooks and revise their depiction of science as a purely inductive process to

incorporate modem perspectives on the nature of science.

Recommendation 3

Studies revealing the inadequate view of the nature of science held by
prospective science teachers abound (Aguirre et al., 1990; Hodson, 1988; Gallagher,
1991; King, 1990; Lederman and Zeidler, 1987). Insufficient conceptions of the
nature of science may, at times, provide inappropriate reinforcement to student
misunderstandings. Therefore, a great challenge is faced by science teacher education
institutions to undo the miseducation of secondary science teachers with regard to the
nature of science. It is unlikely that science faculties are going to make any provision
for courses in the history or philosophy of science in an already crowded science

program. Besides, most practising scientists are not interested in educating their
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young fellow scientists about the nature of science (Gallagher, 1991). Therefore, it is
recommended that teacher educators design and implement programs that challenge
prospective science teachers’ conceptions about the nature of science, and give
appropriate exposure and experience for prospective science teachers to learn how to
teach the nature of science. It may be beneficial for prospective science teachers that
certain major science topics in K-12 science curriculum be used as the starting point
for prospective teachers to examine their unconscious beliefs about the nature of
science, and to acquire or develop skills to promote science learning and teaching that
reflect the very nature of science.
Accordingly, it is recommended that Faculties of Education undertake to
compensate for the lack of history and philosophy of science in the academic
backgrounds of prospective and in-service science teaching by incorporating these

topics into appropriate courses, so that science content is not taught independent of

pedagogy.
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Letter
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Sandra P, M. Liu

Winnipeg, Manjtoba
R3LOMS « 3

March 1994

Dear Prospective Secondary Science Teachers:

Most studies of science teachers’ conceptions about the nature of science have focused
on experienced science teachers. As a graduate student in the Department of
Curriculum: Mathematics and Natural Sciences in the Faculty of Education, I have
chosen to study prospective secondary science teachers’ conceptions about the nature
of science and how these conceptions relate to the planning of science lessons.

Your input is important because the Faculty of Education is currently re-examining the
undergraduate program. Your responses may assist in the planning of future science
teacher education programs.

There are three components to my study. In the first component, I have a
questionnaire to gather your conceptions about science and science lessons. The
questionnaire will take you approximately 30 minutes to complete. You need not sign
the questionnaire and you are assured that your response will remain confidential.

In the second component of the study, you will be interviewed. The interview is
expected to take 20 minutes, and will be done at a time convenient for you. I will
tape the interviews, and transcribe them for analysis. All tapes made will be destroyed
upon the completion of the study.

The third component involves the collection of lesson plans. The plans will be
collected after your student teaching experience, and again at a time convenient for
you. Your name will not be used in any way in this study.

Your participation in this study is voluntary. I hope you continue participating in this
research once a commitment has been made. However, you have the right to
withdraw from this study at any time. Your participation or non-participation in my
study will not have an effect on your grade in either coursework or student teaching.
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The findings of the study will be used in a Master’s of Education thesis for the
University of Manitoba and will be available to you upon request. You may
contact me at the address or telephone number given above.

Thank you for taking the time to assist me in my research.

Yours truly,

Sandra Liu
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Appendix B

Consent Form
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Consent Form

Teachers’” Conceptions and Science Lesson Study

I have read the description of the study and understand the procedures involved. In
particular, I understand that I will respond to a 30-minute long questionnaire, and will
attend a follow-up interview that requires 20 minutes. In addition, I understand that I
will submit lesson plans.

I understand that my participation in this study is voluntary and that I may withdraw
from it at any time. I also understand that my assessment or grade in either
coursework or student teaching will not be affected by participating or withdrawing
from the study.

e 2o 2 sfe e ofe ofe s sie sfe sfe e ol sfe sfe e sfe sfe ofe sfe e sfe sfe e sfesfe s e s sje s ste sfe oo e e ok ok sfe sfe sfe sk oo ook sl s sfe sfeofe sesieosk skosfesie sieskoke sieoskeoskokoslok

Please check your response.

(1) I agree to complete the questionnaire. YES NO
(2) 1 agree to be interviewed. YES NO
(3) I will submit lesson plans YES NO

I would like to have a summary of the
major findings of the study. YES NO

SIGNATURE OF PARTICIPANT PHONE NUMBER

NAME OF PARTICIPANT DATE
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Appendix C

Questionnaire
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I) Background Information

Most items can be answered by placing a check (V') mark in the space provided.
Please respond as indicated for other questions.

1) What degree(s) do you hold, if any?
B.Sc. M.Sc.
other (specify):

2) In what subject field(s) do you hold your degree(s)?
____Biology ____Chemistry

____Physics General Science ____Computer Science
____other (specify):

3) What is your background in science?
(check as many as you wish)
__University or College degree/certificate in science
_Five or more science courses taken in University
____Three to five science courses taken in University
__ Less than three science courses taken in University

4) What is your gender?
Female Male

5) What grades did you qualify to teach?

__Ké6 __ 79 10-12

6) What is your major teaching area?
___General Science Biology ___Chemistry
__ Physics Computer Science

___other (specify):

7) What is your minor teaching area?
___General Science ____Biology ____Chemistry
____Physics __ Computer Science
___other (specify):
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II) Questionnaire Items

Please write short paragraphs to respond to each of the following:

1.

2.

What is science? (or what is science about?)

Give examples of scientific theories, and then discuss their role.

How does a scientific theory become an accepted theory? |

How does a scientist go about doing science?

How do you think science advances/progresses?

Name a conception or unit in science you plan to teach. Describe how
you would plan to incorporate the ideas about science that you have just

described above into the lesson plans for the named science conception or
unit.
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Appendix D

Interview Questions
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Interview Questions

How did you go about planning lessons for a particular topic that you have
assigned to during your student-teaching?

How did you incorporate the nature of science into your planning?

Why do you think it is important to incorporate the nature of science
into science lessons?

What activities did you plan for your students?

What material or resources did you use?



