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ABSTRACT

The aim of this study was to examine the impact of analogy-based instruction on immediate and
postponed science achievement. More specifically, the focus of the current study was on the retention of
students at three cognitive levels: knowledge, comprehension and application. Two classes of 63 ninth
grade female students in Oman participated in the study. These classes were randomly assigned to an
experimental group (N=32) which used analogy-based instruction and a control group (N=31) which used
the traditional method. An achievement test was designed at the three cognitive levels and was
administered to both groups immediately after the conclusion of the study which lasted for five weeks and
once again two weeks later. In the immediate administration of the test, the findings indicated that the
experimental group significantly outperformed the control group in terms of two cognitive levels,
comprehension and application, and also in the overall score of the test. In the postponed test, the
experimental group outperformed the control group in all three levels and in the overall score. Also, there
was a substantial decline in control group students’ scores in the three cognitive levels and in the overall
test score. This was not the case for the students in the experimental group. We have listed several
justifications for these findings, recommendations for science teachers and textbook writers, limitations of
the study and ideas for further research in the section headed “Conclusions and recommendations” below.

Keywords: Analogy-Based Instruction; Application; Comprehension; Immediate Achievement;
Knowledge, Oman; Postponed Achievement.

INTRODUCTION

An epistemological difficulty that many students face with a considerable number of
scientific concepts is the high level of abstractness associated with these concepts (Al-
Balushi, 2011; Harrison & Treagust, 2000; Sekercioglu & Kocakiilah, 2008). Consequently,
some students start to question the credibility of scientific models that represent natural
entities and phenomena. Some doubt the ability of scientists to construct reliable models for
highly abstract entities. The high level of spatial relations involved in some of these abstract
entities and phenomena makes some low spatial ability students deny the existence of these
entities and phenomena (Al-Balushi, 2011, 2012). Therefore, this high level of abstractness
needs to be loosened so that students become able to visualise what scientists mean by the
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models they construct to make us better understand and predict the world around us. One way
to do so is using pedagogical analogical models (Harrison & Treagust, 2000), or what are
commonly known as analogies. It is a process of establishing similarities between a familiar
concept (analogue) and a new concept (target) (Dilber & Duzgun, 2008).

Along with scientific models, analogies have played a crucial role in the development of
meaning in science and its progress and have been an essential element of scientific theories
and explanations (Guerra-Ramos, 2011; Harrison & Treagust, 1993; Marcelos & Nagem,
2010). The work of Boyle, Carnot, Darwin, Faraday, Kepler and Maxwell, for instance,
reflects an extensive use of analogies in the construction of scientific models and theories.
Besides their role in the construction of knolwedge, analogies facilitate the organisation,
examination and communication of knowledge (Yilmaz & Eryilmaz, 2010). Marcelos and
Nagem (2010) lists a number of classifications of analogies compiled by researchers; among
which, structural and functional analogies are the most common.

Gentner et al. (1997) argue that using analogies is an everyday practice of science and,
in doing that, successful conceptual change takes place and creativity is fostered. Analogies
enable students to reconstruct their understandings (Nashon, 2004). Analogies enhance the
visualisation of abstract concepts by learners, making them more tangible (Thiele & Treagust,
1994). If introduced effectively, analogies present scientific knowledge as plausible and
intelligible and make abstract concepts more comprehensible and visualisable (Dilber &
Duzgun, 2008; Marcelos & Nagem, 2010; Paris & Glynn, 2004). These are some conditions
for conceptual change to take place as proposed by Posner and colleagues (cited in Khourey-
Bowers, 2011).

Studies have shown that analogy-based instruction has a positive impact on students’
learning of science (Guerra-Ramos, 2011; Harrison & Treagust, 1993; Sarantopoulos &
Tsaparlis, 2004). This is, in most part, due to the fact that everyday entities and situations are
frequent sources for analogies (Sarantopoulos & Tsaparlis, 2004). Learners’ familiarity with
these everyday entities and situations makes analogies more effective in bridging the gap
between a familiar and concrete domain (analogue) and an unfamiliar and abstract domain
(target). The process of finding the correspondences between the two systems, which is called
mapping or matching, is what makes analogies an effective mental tool that loosens the
abstractness of the newly introduced scientific entities and phenomena. They facilitate
bridging between abstract and concrete learning experiences and provide students with an
easy-to-imagine mental model. Thus, teachers use analogies to integrate previous knowledge
into the new learning experience by activating related schemata and to help explain complex
phenomena or processes (Clement, 2003). Their power lies in their ability to embrace a whole
system of relations and features within the target phenomenon.

Analogies also act as a memory aid which promotes retention of new abstract target
concepts (Glynn & Takahashi, 1998; Guerra-Ramos, 2011; Paris & Glynn, 2004). They
enhance students’ intrinsic motivations (Dilber & Duzgun, 2008) by building up their
confidence in their ability to tackle difficult concepts (Guerra-Ramos, 2011). In addition,
using carefully crafted analogies helps overcome students’ misconceptions (Yilmaz &
Eryilmaz, 2010). It has been reported that lower cognitive development (concrete) students
benefit more from analogies than higher cognitive development (formal) students (Glynn &
Takahashi, 1998; Sarantopoulos & Tsaparlis, 2004). Analogies also attract curious students,
who are more actively engaged in exploratory activities than formal passive classroom
settings (Sarantopoulos & Tsaparlis, 2004).

Analogies could be enhanced more to support students’ construction of scientific
knowledge by associating them with pictorial representations that resemble the analogy and
facilitate the comparisons between the analogue and the target concept. Accompanying
analogies with pictorial representations takes advantage of the role imagery plays in learning
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and assists students to create a visual mental model for the concept under study. This mental
process supports the systematic mapping of verbal and visual shared features between the
analogue and the target concept, that is, between what is already known to students and what
is new for them (Paris & Glynn, 2004). It is worthy of note that research indicates that static
analogies, which are sketched analogies, work as effectively as dynamic analogies, which are
animated computerised sketched analogies, in promoting students’ understanding (Chiu &
Chen, 2005).

Analogies might be brought up by the teacher or students. They might be self-designed
or adopted from external sources such as related literature or expert recommendations; with
the former, the process of self-generation is likely to be more difficult (Clement, 1998, 2003).
Individuals exercise their analogical reasoning when they are involved in self-generation and
evaluation of analogies (Marcelos & Nagem, 2010). For some, experts or students, generation
of analogies is a natural reasoning strategy. Interestingly, eighth graders, who are more
abstract thinkers, have been reported to generate more analogies in their explanations of the
target phenomena than sixth graders who are more concrete thinkers. These self-generated
and spontaneous analogies are based on concepts in students’ everyday lives (Glynn &
Takahashi, 1998). Compared to ready-made and teacher-provided analogies, self-generated
analogies promote deeper relational structures (Haglund & Jeppsson, 2012).

Given that analogies are sometimes spontaneously generated during the teaching-
learning and problem solving settings, an evaluation mechanism should be in place to
evaluate the validity of these analogies. Experts tend to take considerably more time to
evaluate the validity of an analogy (Clement, 1998). Students might be encouraged to use
analogies to evaluate their learning of a target concept by training them how to map features
of the analogue to the shared features of the target concept (Paris & Glynn, 2004). Some
science teachers think that analogies are “shortcuts” that save time and lead to the desired
conceptual change in one “magic” step. They underestimate the size of the conceptual change
needed and the fact that students need time to evaluate the provided analogy and reflect on its
usefulness and applicability to the undertaken scientific concept or phenomenon. As a result,
students with misconceptions, might spend more time than expected to comprehend an
analogy and change their existing conceptions (Clement, 1998).

We need to admit that using analogies in teaching has not been always successful.
Proposed analogies are sometimes complex by themselves and require a high level of thinking
to be comprehended. Thus, students are not able to conceptualise both the anchor analogue
and the target concept (Clement, 1998; Guerra-Ramos, 2011; Podolefsky & Finkelstein,
2007). Also, sometimes when teachers use an anchor analogue to explain the relations within
a target phenomenon, students focus on the comparisons between the anchor and the target in
terms of physical attributes such as colour, size and rigidity instead (Podolefsky &
Finkelstein, 2007). Students might judge some unrelated attributes as valid. As a result, they
start to form alternative conceptions and thus, conceptualise the analogy differently from the
manner the teacher intends (Harrison & Treagust, 1993). Also, science teachers themselves
might not be familiar as to where a particular analogy breaks down (Guerra-Ramos, 2011).

The process of misunderstanding starts when the comparison process considers detailed
features in order to identify the similarities and dissimilarities between the analogue and the
target (Guerra-Ramos, 2011). It also occurs when students are not warned of the limitations of
the undertaken analogy and not given guidance on whether they should focus on the physical
features or the functional attributes. There is sometimes a whole range of physical and
functional attributes presented in one analogy-target comparison. Thus, classroom discussion
of an analogy should lead students to explicitly identify the key related attribute(s) and the
unshared ones within the given range of attributes (Guerra-Ramos, 2011; Harrison &
Treagust, 1993; Marcelos & Nagem, 2010). For instance, the spiral staircase is used as an
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analogy to resemble the structure of DNA. Although this analogy focuses on a structural
attribute, the shape of NA, other physical attributes such as the rigidity of the staircase should
be excluded. In addition, an important step in analogy-based instruction should be that once
the analogy job to explain the target phenomenon is complete, the target should be separated
from the analogy and extended by providing more examples and clarifications (Nashon,
2004).

Also, superficial delivery and discussion of analogies without explicit elaboration and
systematic mapping of target attributes verbally and visually lead to possible failure of
analogy-based instruction (Paris & Glynn, 2004). In this respect, there is an underestimation
of the role of visual imagery in learning science with analogies (Glynn & Takahashi, 1998) in
both comprehension and retention of knowledge. Unfortunately, literature shows that explicit
elaboration of the similarities and dissimilarities between analogues and target concepts is not
a frequent classroom practice and science teachers underestimate the difficulty that students
might face when introduced to an analogy (Guerra-Ramos, 2011).

There is another failure of the analogy-based instruction. Given that analogies are easier
to remember than the target concepts because of their familiarity to students, some students
remember the concrete attributes of the analogy and not the abstract attributes of the target
scientific concept. Therefore, students come up with alternative conceptions regarding the
target phenomena based on their knowledge of their anchored analogue (Dilber & Duzgun,
2008). By the same token, self-generated analogies might lead to personal explanations that
are not in line with scientific consensus. Students assume ownership of their self-generated
analogies and, consequently, they might over-generalise them to suit inapplicable contexts
and omit the points of breakdown (Haglund & Jeppsson, 2012). Also, young students such as
those in high school might not be capable of generating analogies that lead to successful
conceptual change. They lack the ability to consistently maintain a well-developed analogy
(Hagans, 2003; Harrison & Treagust, 2006).

For complex and highly abstract concepts and processes, it might be useful to use
multiple analogies to compensate for the deficiencies in single analogies. Previous works
emphasise the role of multiple representations in fostering students’ comprehension of
complex scientific concepts (Nichols, Ranasinghe, & Hanan, 2012). If a phenomenon is
complicated, one analogy might work for one of its aspects and another analogy might be
designed to explain another aspect of this phenomenon (Harrison & Treagust, 2006;
Podolefsky & Finkelstein, 2007). For instance, while the water circuit analogy works well to
explain the concept of batteries within the electric circuit, the moving-objects analogy works
better to explain the concept of resistors (Podolefsky & Finkelstein, 2007). Also, multiple
analogies allow students to select the most appropriate bridging method that links scientific
concepts to everyday physical phenomena (Chiu & Lin, 2005).

However, the analogies to be involved in the multiple-analogies approach should be
carefully chosen as research indicates that multiple analogies might sometimes cause
cognitive difficulties. It happens that the second analogy, when poorly chosen, contradicts
with the first one and consequently wipes out the positive accomplishment of the first analogy
(Harrison & Treagust, 1993). Also, students sometimes are not keen on using several
analogies. One type of explanation is usually preferred by most students (Yilmaz & Eryilmaz,
2010). It becomes difficult to some students to conceptualise the core abstract themes that
regulate multiple representations of natural phenomena or entities (Al-Balushi, 2012; Gericke
& Hagberg, 2007). This happens to students who believe in only one correct answer to each
problem. Thus, they become confused when the teacher presents more than one analogy or
explanation to the undertaken phenomenon (Harrison & Treagust, 2006).

The above review of previous works indicates that explicit discussion of shared
attributes between analogies and target concepts is an effective mental tool that helps students
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recall, visualise and comprehend scientific concepts. Nonetheless, there is little empirical
evidence available to date regarding whether the impact of analogy-based instruction lasts
longer than traditional teaching. The work of Glynn and Takahashi (1998) is one of the
exceptions in this regard. Their study indicates that analogy-enhanced text has greater
immediate and postponed (two-week) retention as compared to a control text. The differences
between the current study and that of Glynn and Takahashi are: 1) the current study examined
the impact of analogy-based instruction instead of analogy-enhanced text only, 2) the
treatment in the current study lasted for five weeks with six periods in each week (a total of
30 periods including the reviewing lessons) while it was a one-time administration of the
treatment (25 minutes) in Glynn and Takahashi’s study, and 3) the impact in the current study
was measured according to different cognitive levels, recall, application and reasoning, and
not only recall as Glynn and Takahashi did. Another study by Paris and Glynn (2004) divided
the impact in terms of two different cognitive levels: retention and inferential. However, they
tested the impact of one-time administration of an analogy-enhanced text and not the impact
of analogy-based instruction for a whole science unit in the same manner that the present
study did. Also, they did not measure the retention after a period of time as was recorded in
the current study and in that of Glynn and Takahashi’s. They only measured the achievement
immediately after students’ exposure to analogy-based text.

Because analogy-based instruction has not always been successful (Clement, 1998;
Guerra-Ramos, 2011; Harrison & Treagust, 1993; Podolefsky & Finkelstein, 2007), we
examined the implementation of some recommendations and advice given by previous
researchers to avoid the pitfalls of analogy-based instruction. Examples of this advice are:
elaborative discussion of the similarities and differences between the analogue and the target
(Glynn & Takahashi, 1998; Paris & Glynn, 2004); ensuring students’ familiarity with the
analogy (Clement, 2003; Sarantopoulos & Tsaparlis, 2004); the importance of identifying
where the analogy breaks down and emphasising the positive role of visualisation (Chiu &
Chen, 2005; Paris & Glynn, 2004); and the careful use of self-generation strategy (Haglund &
Jeppsson, 2012). By integrating these research-based recommendations into the design of
analogy-based instruction, we hope that we provide science teachers and text writers with a
working and rectified model for the use of analogies in science teaching.

PURPOSE OF STUDY

The current study examined the impact of analogy-based instruction on immediate and
postponed retention at three cognitive levels: knowledge, comprehension and application
related to electric energy and its technical applications.

METHODOLOGY
a) Participants

The participants were 63 ninth grade female students studying in two classrooms in a
school in Al-Dakheliah province in Oman. The school was chosen based on the willingness of
the school administration to host the study and the presence of an experienced teacher who
expressed the interest to teach both groups of the study. We randomly assigned the two
classrooms to an experimental group (32 students) and a control group (31 students).

b) Design of Study

A control group quasi-experimental design was used in the current study. The
experimental group studied a unit called “Electric Energy and Its Technical Applications”
using an analogy-based instruction while the control group used the traditional teaching
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method to study the same unit. We used results of students’ science achievement in the first
semester of the school year to test whether both groups were equivalent before the beginning
of the study. The achievement scores of the students in the first semester were based on
formative evaluation (40%) and summative evaluation (60%). The formative evaluation score
was obtained by short quizzes, classroom participation and a mini project. The summative
evaluation was in the form of a final written achievement test. Table 1 illustrates that both
groups were equivalent and had no significant differences between them.

Table 1. Independent samples t-test results of the comparisons between the two groups on students’

science achievement before the beginning of the study

Group N mean* SD df t p
Control 31 12.22 3.22 61 0.84 0.16
Experimental 32 12.29 3.72

*Maximum mark = 20

We asked a cooperative teacher to teach both groups. She had eight years of teaching
experience. Before the beginning of the study, the second author conducted a workshop for
the teacher regarding the analogy-based instruction. The workshop lasted for two days
comprising three and a half hours each day. The workshop was composed of three parts: the
theoretical aspects of analogy-based instruction, the use of the teachers’ manual and
illustration of a sample lesson using the strategy. Since the teacher had significant teaching
experience, we thought two days' training would be enough. She had studied analogy-based
techniques in her teacher preparation programme and used analogies in her teaching before
being chosen for the current study. Therefore, she did not have any difficulties in
comprehending the topics presented in the workshop.

The study lasted for five weeks with six lessons during each week. The second author
attended all the lessons taught in the experimental groups and most of the lessons taught in the
control group. After the completion of the study, an achievement test was immediately
administered to both groups. The same test was administered again after two weeks to
measure the retention of both groups.

The teacher's control group was subjected to her regular teaching methods. Examples of
these methods were lecturing, classroom discussion, discovery and hands-on activities, some
guided inquiry activities and cooperative learning. The same instructional methods were used
in the experimental group. Instead of presenting the scientific topics through regular
classroom discussion, however, the teacher used the analogy-based model. She was instructed
not to use any analogies when teaching the control group.

c) Materials

We designed a teacher manual to be used in the experimental group. The manual was
designed around the “Electric Energy and Its Technical Applications” unit found in the ninth
grade science textbook. This unit included topics such as electric charges, static electricity,
electric circuits, transformations of electric energy, electrochemistry, electromagnetism and
electric efficiency. Also in this unit, students learned about various devices and technical
applications that accompanied different topics.

We adopted the Teaching With Analogy (TWA) model which has been widely reported
in different literatures (Guerra-Ramos, 2011; Harrison & Treagust, 1993; Marcelos & Nagem,
2010). Below are the general steps in the TWA model:

1. Introduce the target (scientific) concept
2. Introduce the analogue
3. Identify the shared key features between the target and the analogue
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Illustrate the similarities using a chart or a sketch
Identify the limitations of the analogy
Infer the conclusion(s)
. Self-generate your own analogy
We added step no. 7 to encourage students to self-generate their own analogies
especially in the homework with emphasis that students needed to list the limitations of their
self-generated analogies.
The teacher manual has the following sections:
— An introduction
— The theoretical framework for analogy-based instruction which includes a
description of the modified TWA model
— Instructions to the teacher
— Learning outcomes
— The unit plan
— The lesson plans and their related worksheets
— We included in the teacher manual different well-known analogies related to
electricity. Table 2 illustrates examples of these analogies.

No ok

Table 2. Examples of different analogies used in the current study

Target concept Analogue no. of lessons

electric discharge a water circuit which included: a water tower, pipes and 2
water basins

moving charges train 2

electric current a water circuit which included: straight pipes, zigzag pipes, 2
water pump, valves

potential difference water tower, pipes, water wheel and water basins 2

resistance a cat prevents a group of mice from reaching a piece of 4
cheese

series connection series water valves in a water circuit 3

parallel connection parallel water valves in a water circuit 3

chemical batteries food and human body 2

alternating current ocean waves 3

As noted above, academic texts (Dilber & Duzgun, 2008; Glynn & Takahashi, 1998;
Marcelos & Nagem, 2010; Paris & Glynn, 2004; Thiele & Treagust, 1994) emphasise the
importance of using both the verbal and visual features of the analogies to promote students’
learning of the target scientific concept. Therefore, activities in the teacher manual are
designed to help the learners to create verbal and visual connections between the analogue
and target concepts. To do so, we designed an activity worksheet for each analogy that
accompanied each lesson. The worksheet presented a photograph or sketch (the visual
element) for both the target concept and the analogy. Then, a comparison table was presented
beneath these illustrations. In that table, students were asked to write similarities and
differences (the verbal element) between the target concept and the analogy. Both the visual
representations and the table worked as graphic organisers that students used to summarise
and organise the information they discussed and inferred. Previous works considered graphic
organisers as useful learning techniques that foster the comprehension of newly-learned
information (Trowbridge & Wandersee, 1998). Appendix 1 shows an example of the
worksheets used in the study.

We asked a panel of 13 science educators to review the teacher manual. The panel
included three science education professors working in two different universities in Oman,
seven physics supervisors working in the Ministry of Education and three physics teachers
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working in different public schools. We asked the panel to focus on the complexity level of
each analogy and whether it was appropriate to grade nine students. They also checked the
scientific content presented in the manual. Based on the comments of the panel, we made
some modifications to the manual such as simplifying certain analogies, clarifying some
others and re-phrasing several linguistic structures.

d) Achievement Test

We developed an achievement test to measure participants’ achievement in the “electric
energy and its technical applications” unit. Three cognitive levels were incorporated in the
test: knowledge, comprehension and application. The test encompassed 27 items: 20 multiple-
choice items and seven open-ended items. There were eight knowledge items (29.63%), five
comprehension items (18.52%) and 14 application items (51.85%). The reason for having
more application items was because of the nature of the unit used which focused on the
applications of electric concepts. To ensure the test items were fair for both groups of
students, all items were based on the content found in student textbooks.

The same panel that reviewed the teacher manual also judged the validity of the
achievement test. The panel checked the appropriateness of the test for the purpose of the
study, its scientific accuracy, its readability, its alignment with the content in the student text,
its appropriateness for grade nine students and whether each item measured its assigned
cognitive level. The panel suggested re-phrasing for some items and the clarification of
certain figures.

We piloted the achievement test on a classroom of 31 female grade nine students who
finished studying the “electric energy and its technical applications” unit. They were not from
the same school that hosted the study. The aim of this process was to check the readability of
the test items, measure the appropriate test time and calculate the reliability coefficient. The
second author administered the test and asked the students to point out any ambiguous words
or phrases. Thus, some minor modifications were made to the test items. The number of items
remained the same. The estimated test time was 80 minutes (approximately two periods) and
Cronbach’s alpha coefficient was 0.83.

RESULTS AND DISCUSSIONS

The purpose of the present study was to assess the impact of analogy-based instruction
on immediate and postponed students’ retention in terms of three cognitive levels: knowledge,
comprehension and application. Table 3 illustrates the results of independent samples t-test
analysis of the immediate administration of the achievement test. The findings showed that
there were significant differences between the two groups of the study in terms of two
cognitive levels: comprehension and application. The mean differences between the two
groups in these two levels indicated that the differences came in favour of the experimental
group (effect size r=0.71 & r=0.50 respectively). Also, the experimental group outperformed
the control group in the overall total score of the immediate administration of the achievement
test (effect size r=0.55). However, there was no significant difference between the two groups
in terms of the knowledge cognitive level.

Table 4 illustrates the results of independent samples t-test analysis of the postponed
administration of the achievement test. The experimental group significantly outperformed
the control group in the three cognitive levels (effect size r=0.57, r=0.80 & r=0.62
respectively) and in the overall score of the test (effect size r=0.71). Also, as shown in Table
5, a comparison of the immediate and postponed administrations of the test shows that
students’ scores in the control group declined significantly in all three cognitive levels and in
the overall score of the test. On the other hand, there were no significant differences between
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the immediate and postponed administrations of the test in terms of the experimental students’
scores in the three cognitive levels and in the overall score of the test. It is worthy to note that
in the immediate administration of the test there was no significant difference between the
two groups in terms of the knowledge level. Then, the score of the students in the control
group declined significantly. Nevertheless, students’ score in this cognitive level in the
experimental group did not change significantly. In summary, it is plausible to conclude that
students’ retention in the experimental group was significantly higher than their retention in
the control group in all three cognitive levels: knowledge, comprehension and application.

Table 3. Means, standard deviations and independent samples t-test results for immediate

achievement test

Cognitive level maximum group no mean SD df t p
mark (Mi)

Knowledge 9 control 31 6.48 1.09 61 0.92 0.36
experimental 32 6.75 1.19

Comprehension 6 control 31 2.81 1.08 61 8.12 0.001
experimental 32 4.88 0.94

Application 15 control 31 6.52 3.28 61 4.62 0.001
experimental 32 9.94 2.55

Overall test 30 control 31 15.81 4.88 61 5.22 0.001
experimental 32 21.56 3.81

Table 4. Means, standard deviations and independent samples t-test results for postponed

achievement test

Cognitive level  maximum group no mean SD df t p
mark (Mp)

Knowledge 9 control 31 5.26 1.03 61 5.55 0.001
experimental 32 6.94 1.34

Comprehension 6 control 31 2.19 0.98 61 10.38 0.001
experimental 32 491 1.08

Application 15 control 31 5.42 2.91 61 6.31 0.001
experimental 32 9.78 2.56

Overall test 30 control 31 12.84 4.30 61 7.98 0.001
experimental 32 21.47 4.28

Table 5. Mean differences and paired samples t-test results for immediate/postponed achievement test

Cognitive level group decline (Mi-Mp)* df t p
Knowledge control 1.22 30 8.08 0.001
experimental -0.19 31 2.25 0.32
Comprehension control 0.62 30 3.34 0.002
experimental -0.03 31 0.30 0.77
Application control 1.10 30 3.72 0.001
experimental 0.16 31 0.63 0.53
Overall test control 2.97 30 6.84 0.001
experimental 0.09 31 0.29 0.77

*Mi: Mean of the immediate achievement test; Mp: Mean of the postponed achievement test

This capacity of analogy-based instruction to help students in their comprehension and
application of scientific concepts has been emphasised in the literature (Dilber & Duzgun,
2008; Guerra-Ramos, 2011; Harrison & Treagust, 1993; Marcelos & Nagem, 2010; Paris &
Glynn, 2004; Sarantopoulos & Tsaparlis, 2004). In the current study, students in the
experimental group had the opportunity to study visual representations that symbolise both
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the analogue and the target. The purpose was to infer the similarities and differences between
the two. This incorporation of visual inspection in the learning of science concepts is
responsible for reducing the level of abstractness associated with many science concepts and
phenomena (Thiele & Treagust, 1994). Thus, science learning becomes more plausible and
comprehensible (Dilber & Duzgun, 2008; Marcelos & Nagem, 2010; Paris & Glynn, 2004).

Also, students in the experimental group were actively engaged in their small groups
when they were trying to complete the worksheets and negotiate the possible connections
between the analogy and the target. This minds-on active learning process of student-student
dialogue allowed for the sharing of ideas and negotiation of meaning in a social context. As
students talk more about science and science concepts, they have more chance to develop and
refine their science understanding (Khourey-Bowers, 2011).

The teacher in the experimental group would ask the students, as part of their
homework, to think of an analogy to the concepts taught in the lesson. To avoid the formation
of alternative conceptions, the teacher required students to also think of the limitations of the
analogy they brought to the classroom. She encouraged them to think of one aspect at which
the target and analogue intercepted. During the next lesson, students explained their analogies
and the teacher would evaluate them and cautioned them on some limitations that they
ignored. The authors noticed that students were eager to offer their own analogies. Some of
them were preparing for the lesson by thinking of related analogies from their surroundings or
examples from their previous experience. These efforts by students made learning more
meaningful (Glynn & Takahashi, 1998). Compared with teacher-generated analogies, it is
easier for students to map self-generated analogies (Harrison & Treagust, 2000).

Also, Haglund and Jeppsson (2012) argued that the process of self-generation of
analogies by students seemed to align more logically with constructivism which emphasised
the importance of involving students’ pre-existing knowledge. When the teachers provide
students with analogies, they assume that they know these analogies from their daily lives and
previous experience. However, this assumption is not always correct. Some students might
not know these examples or some of their details. On the other hand, when students generate
their own analogies, the expectation that they are familiar with the analogy they bring and its
details is higher. Also, we believe that this process of establishing associations with elements,
events and processes in the environment helped students in the experimental group to expand
their mental networks and recall the information longer than the control group. Previous
studies indicated a positive impact of the use of analogies on students’ recall and retention of
scientific information (Glynn & Takahashi, 1998; Paris & Glynn, 2004).

The results of the immediate administration of the achievement test indicated that
students in the control group were as good as their counterparts in the experimental group in
terms of the recall of information (the knowledge cognitive level). This difference did not last
for a long time. Two weeks later, the postponed administration of the test revealed a
significant difference in favour of the experimental group. Paired samples t-test results
showed a considerable decline in the control group’s scores in the knowledge questions. This
was not observed in the experimental group. The construction of visual associations and
mental models during the analogy-based instruction should have played an essential role in
helping students in the experimental group to preserve the information they learnt. This
successful achievement in the current study was due partially to the realisation of the
importance of visual imagery in analogy-based instruction (Glynn & Takahashi, 1998).
Students in the experimental group were involved in explicit discussion of the verbal and
visual mapping between the target and the analogy. This elaboration of the systematic
mapping is considered a driving force in the success of teaching with analogy. In addition, the
verbal and visual links made the target concept better represented in students’ memories and
therefore better enhancing their retention of information (Paris & Glynn, 2004).
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The implementation of the analogy-based instruction in the current study emphasises
the importance of discussing where the analogy broke down. Students were encouraged to
talk about the limitations in their small groups, write them down on their worksheet and then
present them to the whole class. As stressed in the literature (Glynn & Takahashi, 1998;
Guerra-Ramos, 2011; Haglund & Jeppsson, 2012; Harrison & Treagust, 1993; Paris & Glynn,
2004), we believe that this important action helped students avoid being dragged into
constructing alternative conceptions. Previous research indicated that when students were
warned of the differences between the target and the analogue, no analogy-based alternative
conceptions were reported (Glynn & Takahashi, 1998). Also, in the present study, this
classroom practice made students conscious of the importance of always thinking of
limitations for self-generated analogies while they were doing their homework and reported
them when they presented their homework.

CONCLUSION AND RECOMMENDATIONS

The findings of the current study indicated that analogy-based instruction helped
students to comprehend and apply scientific concepts at a level substantially higher than the
traditional teaching methodology. Also, analogy-based instruction facilitated students’
retention of scientific information at the three cognitive levels (knowledge, comprehension
and application). On the other hand, there was a significant decline in the performance at the
three cognitive levels for students who were taught by the traditional method. While there was
no important difference between the two strategies in terms of the knowledge level (recall of
information) in the immediate test, the experimental groups outperformed the control group in
this particular level in the postponed test. This result is a new addition that the current study
contributed to our knowledge of analogy-based instruction. We would like to emphasise the
following conditions which we believe facilitated the positive impact of analogy-based
instruction used in the current study:

1. Familiarity: the abstractness level of scientific concepts was reduced by using
familiar everyday analogies.

2. Elaboration: the frequent mapping of the verbal and visual features between the
analogue and the target.

3. Limitations: the emphasis on stating the limitations of each analogy to avoid
forming alternative conceptions.

4. Active-learning: engaging learners in active learning discussions in their small
groups and then as a whole class regarding different aspects of the undertaken
analogy and target concepts.

5. Graphic organising: activity worksheets helped students to study a sketch used to
infer similarities and differences between the analogue and the target and then
organise them in a table. This graphic organising combination helped foster
students’ recall and comprehension of information.

6. Self-generations: encouraging students to come up with their own self-generated
analogies that correspond to concepts under study with a clear caution about their
possible limitations.

7. Motivation: the eagerness and high level of motivation noticed with the students in
the experimental group had to come up with their own analogies.

To be successful, we recommend that any analogy-based instruction should take these
conditions into consideration. Science teachers and text writers could benefit from these
instructional ideas to design a learning environment that maximises the benefits from using
analogies and, at the same time, overcomes their limitations.
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The current research design was unique to this study. Exploration of retention at
different cognitive levels has been rare in previous research that focused on analogy-based
instruction. However, one limitation to the current study was the use of the same test in the
immediate and postponed administration. There was a fear that students might remember the
answers in the second administration of the test and this might turn responding to the
application and comprehension question into mere recall of information. Nevertheless, it was
not necessary that all students did care about the questions they were asked in the tests.
Students did not receive any feedback to their answers in the immediate administration. No
review sessions were conducted after the first administration. Also, we thought that a two
week period would be long enough for most students to forget most test items. Add to this,
the fact that we did not inform students about the second application of the test to avoid any
attempt from them to remember the test items from the first application. We suggest that a
future exploration might consider designing two compatible versions of the achievement test.
Another limitation of the current study may be that its findings may not be generally
applicable to fields other than physics which was the focus subject matter of the current study.
Physics deals more with everyday objects and events compared to chemistry and biology.
Therefore, it might be easier to find matching analogies to physics concepts than in other
fields of science. A further study might use the same design but on another science field such
as biology or chemistry.
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APPENDIX
A sample worksheet

Lesson 7: parallel electric connections
Study the sketches below to compare between the analogue: parallel water valves in a water
circuit and target: parallel electric connection. Then, write the seminaries and differences
between the analogue and the target.
Note that the differences are the limitations of the analogy used in this lesson.
Analogu Target
AN
| | e |

/ parallel water valves in a parallel electric \

water circuit connection

Similarities
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ABSTRACT

The purpose of this research is to determine the correlation between “environmental knowledge”,
“environmental effect” and “environmental behavior” which are accepted as environmental literacy
components. “Environmental Knowledge Test (EKT), “Environmental Affect Scale (EAS)” and
“Environmental Behavior Scale (EBS), which have been prepared by the researchers and their validity
and reliability ensured, have been used as the measurement tools. The research group is composed of 364
students from 6 different secondary schools in the center of Amasya city providing education in the
school year of 2011-2012. Correlational research method was used in the study. The Pearson Correlation
Test has been used for analysis of the data. As a result of the research; it was found that there was a
positive and high correlation at 0,858 strength between the “environmental knowledge” component and
“environmental affect” component; a positive and low correlation at 0,426 strength between the
“environmental knowledge” component and “environmental behavior” component; a positive medium
level correlation at 0,502 strength between the “environmental affect” variable and “environmental
behavior” variable. The results obtained from the investigation are of great importance in terms of
shedding light on the issue for determination of how environmental literacy components affect each other.

Keywords: Environmental Literacy; Environmental Knowledge; Environmental Affect; Environmental
Behavior.

INTRODUCTION

Humankind confronts with many environmental problems due to an increasing
population in our country and in the world depending on industrialization, urbanization and
technologic advances. The view about education is necessary for the prevention of
environmental problems and they have been a main concern of many national or international
studies, at some important environmental organizations, declarations and conventions
(Stockholm, 1972; UNESCO, 1978; Peyton, et al., 1995; Kiziroglu, 2000; Biilbiil, 2007).
These kind of conferences and meetings were held in order to enhance environmental
consciousness among people across the world and it has been embodied in the concept of
“environmental literacy” (Kibert, 2000). The concept of environmental literacy was defined as
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“environmental knowledge and awareness level of an individual” in an article by Charles
Roth the first time (Roth, 1968). Disinger and Roth (1992) have interpreted environmental
literacy as “the capacity for being able to perform appropriate actions in order to perceive the
relative health of the environmental systems, to interpret, to protect the health of these
systems, to re-gain health to them or to develop these systems” by improving further this
definition. Therefore, the people who are environmentally literate should be able to exhibit
positive attitudes and behaviors in order to develop these environmental systems after
becoming aware of the environmental systems.

It has been put forth by some researchers that environmental literacy was not only
cognitive, but also related with affective and psychomotor aspects (Roth, 1992; Schneider,
1997). In other words, it can be said that an environmentally literate person is a human not
only having knowledge about the environment, but also having affective characteristics as
well, such as responsibility towards environment, sensitivity and perception. Such a person
can acquire these characteristics as behaviors. It is required to take into account of
environmental literacy components in determination of whether environmentally literate
individuals can be raised/grown in a society (Altindz, 2010). The environmental literacy
components, which were recognized mostly in environmental education literature, have been
defined by Disinger and Roth (1992), supported by Hsu (1997) and used in some studies
through application. (Chu, Shin & Lee, 2006; McBeth, Hungerford, Marcinkowski, Volk &
Meyers, 2008; Kisoglu, 2009; Oztiirk, 2009; Altindz, 2010; Meuth, 2010; McBeth, & Volk,
2010; Karatekin, 2011; Kisoglu, Giirbiiz, Siiliin & Alas, 2011; Karatekin & Aksoy, 2012).
The main components constituting the environmental literacy adopted by Disinger and Roth
(1992) are four as being knowledge, affective area, skill and behavior. Investigation of
whether there is any correlation between each of “knowledge”, “affect” and “behavior”
towards the environment among these components is the subject of this study.

Environmental literacy is a broad concept encompassing not only an individual’s
environmental knowledge or environmental attitude but also the environmental behavior and
problem solving skills towards the environment (Roth, 1992; Hsu, 1997; McBeth et al., 2008).
Generally in our country, although studies have been made like environmental knowledge,
environmental affect (attitude), environmental behavior, no research has been encountered
towards secondary school 6., 7. and 8. grade students wherein the correlation between each of
these three important variables under the name of “environmental literacy”. Meanwhile
Erdogan (2009) has examined the correlation between each of these three components in a
study made towards secondary school 5" grade students. In studies across our country, it has
been encountered that mostly the correlation between environmental knowledge and
environmental attitude (affect) (Atasoy, 2005; Atasoy & Ertiirk, 2008; Okesli, 2008; Varisli,
2009; Teksoz, Sahin & Ertepinar, 2010) was investigated. Therefore, this study is very
important in order to learn whether there is any correlation between environmental
knowledge, affective tendency towards the environment and environmental behavior
possessed by secondary school students. Besides, if there is any correlation between these
sub-components, it is particularly important for correcting the deficiency in the literature upon
finding out this at what direction (positive or negative) and at which level (low, medium and
high). Thus, it is being thought that this will give an opinion to similar researches to be carried
out in the field of environmental education and organizations performing activities related
with the environment and to other researchers.

The main goal of this investigation is to determine whether there is any correlation
between the “environmental knowledge”, “environmental effect” and “environmental
behavior” components which are placed in the environmental literacy components.

The main problem of this research is whether there is any relationship between
subcomponents of environmental literacy (environmental knowledge, environmental effect
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and environmental behavior) that secondary school students have, or nat. In addition, if any, it
is also research subject which level this relationship is at.

METHODOLOGY

This part contains information about the model of research, working group, data
collection tools and the analysis of data.

a) Model of the Research

Correlational research method was used in the study. This study is a correlational study
that carried on to determine cause and effect and relations between two or more variables
(Bliytikoztiirk, Cakmak, Akgiin, Karadeniz & Demirel, 2010).

b) Working Group
The sample of the research is composed of 364 students at 6", 7™, 8" grades from six
different secondary schools in the center of Amasya city in the 2011-2012 academic year.

c) Data Collection Tool

In this study, Environmental Knowledge Test (EKT) composed of 19 questions, 5 point
likert type Environmental Affect Scale (EAS) composed of 15 clauses, 7 point likert type
Environmental Behavior Scale (EBS) composed of 12 clauses which were prepared by
researchers as a data collection tool have been used. The pilot implementation, conducted at
the stage of development of data collection tools, has been applied by the researcher himself
to 258 8™ grades students attending four schools selected randomly from the Amasya city in
the 2011-2012 school year.

Environmental Knowledge Test (EKT)

The Environmental Knowledge Test is composed of 19 multiple-choice questions
prepared in accordance with cognitive levels of students by taking into account of acquisitions
with respect to the environment in science and technology lesson at 4™, 5™, 6™, 7 8™ grades.
The value of each question in the test is 1, and while the highest score to be obtained from the
test is 19, the lowest score is 0.

The EKT, which had 20 questions prior to the pilot implementation, decreased to 19
questions by discarding one question after the pilot implementation. KR-20 (Kudher
Richardson) formula has been used for ensuring the reliability of EKT. According to this
analysis, the reliability of EKT was found to be 0,807. Additionally, an item analysis has been
carried out of the EKT. As a result of the item analysis, item distinctiveness index of the 4™
item was found as negative, this item was discarded from the test. The average difficulty of
the test was identified as 0,545 (Arithmetic average of the scores=10,91)/(The possible
highest score in the test=20). Even though the difficulty levels of each items in a test are
different, it is a desirable situation for being around 0,50 of the test’s average difficulty that to
be found by averaging them (Cepni et al., 2008). Average difficulty value after the fourth item
discarded from the test has been found to be 0,542 and the average difficulty of the test has
not changed much.

Six lecturers and twelve science and technology teachers having expertise in their fields
have been consulted for the scope and face validity of EKT. The test was taken its final form
by considering necessary suggestions.

Environmental Affect Scale (EAS)
The Environmental Affect Scale is composed of 15 items and in 5 point likert type. The
items associated with the gains of students by scrutinizing the acquisitions related to the
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environment issue and suitable to the affective level of students while preparing the scale
items. Prior to giving answers to the scale items, students were told that scale items are not
correct and wrong and therefore each individual were asked to reflect own thought and to
what extent they agree or not agree with these items. The answers given to the scale items
were rated as 5 point likert type in the form of absolutely disagree, disagree, agree a little,
agree and absolutely agree. Scoring of the scale was calculated as “absolutely disagree” 1
point, “disagree,” 2 points, “agree a little” 3 points, “agree” 4 points and “absolutely agree” 5
points. While the possible lowest score in EAS is 15, the highest score is 75.

Six lecturers and twelve science and technology teachers having expertise in their fields
have been consulted for the scope and face validity of EAS. The test took its final form by
considering necessary suggestions. Cronbach’s alpha reliability coefficient was observed for
ensuring the reliability of EAS and this value has been found to be 0,860. Cronbach Alpha
coefficient is often used in the cases where particularly responses are obtained from the rating
scale (Biiyiikoztiirk, Cakmak, Akgiin, Karadeniz & Demirel, 2010). In Biiyiikoztiirk’s
opinion, it is adequate for being 0,70 and above of the reliability coefficient. Accordingly, the
reliability analysis result of the scale is sufficient for the actual application.

The factor analysis has been observed for the structure validity. According to this
analysis, Environmental Affect Scale has been separated into 3 factors as being environmental
responsibility, environmental sensitivity, environmental perception. Reliability values of sub-
dimensions of EAS which was constituted as a result of the factor analysis was given in the
following Table 1.

Table 1. Factor and Reliability Analysis Result of Environmental Affect Scale

Factors Scale Items Rotated Component Matrix ~ Cumulative (%) Reliability
1 ,812
9 ,808
Environmental 10 778 21,935 ,867
Responsibility 13 763
14 743
2 ,785
6 ,758
Environmental 7 746 19,180 807
Sensitivity 11 704
15 ,683
3 ,786
4 716
Environmental 5 ,715 17,959 ,784
Perception 8 ,668
12 ,633
Total 59,075 ,860
Kaiser-Meyer-Olkin Measure of Sampling Adequacy ,858
Bartlett's Test of Sphericity 1470,588
Sd 105
P value ,000

Acceptable lower limit of KMO sampling sufficiency is 0,50 and the KMO value is
considered excellent for 0,80 and above (Durmus, Yurtkoru & Cinko, 2011). The data set was
considered suitable for factor analysis due to KMO value is over 0,80 (KMO=0,858) and
Barlett test is significant at the 0,05 significance level (XZBaﬂett est=1470,588, p= 0,000).

Environmental Behavior Scale (EBS)

The Environmental Behavior Scale is composed of twelve items and in seven point
likert type. The answers given to scale items have been rated as seven point likert type in the
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form of never, 1 time, 2 times, 3 times, 4 times, 5 times and more than 5 times. The scale
grading has been calculated in the form of “never” 0 points, “1 time” 1 point, “2 times” 2
points, “3 times” 3 points, “4 times” 4 points, “5 times” 5 points, “more than 5 times” 6
points. While the possible lowest score in EBS is 0, the highest score is 72.

Content validity and construct validity was watched for identification of the validity of
environmental behavior scale; and Cronbach Alpha () internal consistency coefficient was
for its reliability. It was applied to the expert opinion for content validity, and to the factor
analysis for construct validity. The EBS, which had 15 items prior to the pilot
implementation, has taken its final shape as being 12 items by discarding two questions as a
result of factor analysis after the pilot implementation, and one question depending on the
expert opinion before the pilot implementation. It has been determined that EBS has three
factors according to the factor analysis. These are; “the behavior protective of natural
balance”, “societal behavior” and “top level cognitive behavior”. The Cronbach Alpha (o)
internal consistency coefficient has been calculated for reliability of the final status of this
measurement tool and this value has been determined as 0,773.

The factor analysis and reliability analysis results of EBS calculated as a result of the
pilot implementation are seen in Table 2.

Table 2. Factor and Reliability Analysis Result of Environmental Behavior Scale

Factors Scale Items Rotated Component Cumulative (%) Reliability
Matrix
6 ,713
The Behavior 8 ,691
Protective of Natural 9 ,752 23,281 774
Balance 13 ,670
14 ,705
1 ,691
3 ,651
Societal Behavior 10 727 20,854 743
11 772
15 ,620
Top Level Cognitive 2 ,842
Behavior 5 838 13,637 708
Total 57,772 773
Kaiser-Meyer-Olkin Measure of Sampling Adequacy ,764
Bartlett's Test of Sphericity 819,730
Sd 66
P value ,000

d) Analysis of Data

SPSS 15 package program was used in analysis of data. Pearson Correlation Coefficient
(Simple Correlation) was used to see the correlation between for each environmental literacy
components. Pearson Correlation Coefficient, investigation of relation between variables, is
carried out by utilizing statistical techniques depending on whether the correlation between
them is linear (Biiyiikoztiirk, 2011).

FINDINGS

In this part, the correlation between “Environmental Knowledge Test”, “Environmental
Affect Scale” and “Environmental Behavior Scale” prepared by researchers have been
examined; and the tables have been given from the obtained results of the survey and the
findings of these tables have been included.
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Frequency and Percentage Values of Independent Variables

In this section, the frequency and percentage values regarding to certain independent
variables possessed by a number of students participated in the research were given.

The distribution of students participated in the research according to the “student group,
gender and class level” variables is as follows.

Table 3. The Distribution According To The Characteristics of Students Forming The Sample

Variable Characteristics Frequency (F) Percentage (%)
Girl 179 49,2
Gender Boy 185 50,8
6" Class 121 33,2
Class level 7" Class 122 33,5
8" Class 121 33,2
Total 364 100

According to the Table 3, gender distribution of students participated in the research is
close to each other. 49,2% is (179) girl students, 50,8% (185) is boy students participated in
the research. When the Table 3 is looked, 33,2% (121) is at 6™ grade, 33,5% (122) is at 7"
grade, 33,2% (121) is at 8" grade.

Table 4. Descriptive Statistics of Environmental Knowledge, Environmental Affect, Environmental

Behavior Score Averages

Test/Scale N Average Star)da}rd Standard Fault Highest Score
eviation

Environmental 364 10,16 3,69 ,193 19

Knowledge
Environmental

Affect 364 oLt o8 o "
Environmental 364 39,17 10,55 ,553 72
Behavior

When the Table 4 is examined, descriptive statistical values of total points average
belonging to Environmental Knowledge Test, Environmental Affect Scale and Environmental
Behavior Scale of the students.

The Correlation between Environmental Knowledge, Environmental Affect and
Environmental Behavior Score Averages

Pearson Correlation Coefficient (Simple Correlation) was used to indicate the
relationship between environmental knowledge total score average, environmental affect
total score average and environmental behavior total score average possessed by secondary
school students participated in the study. Pearson correlation coefficient values are ranging
between (r) -1< r <+1. Here the r coefficient shows the direction and strength of the
correlation. While the strength of correlation increases as the r value approaches to +1, it
indicates that the strength of correlation is less as it approaches to 0. In this respect, although
there is no definite limitations, the correlation under 0,50 shows the weak, the correlation
between 0,50 and 0,70 shows the medium, the correlation above 0,70 shows the strong
relationship (Durmus et al., 2011).
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Table 5. The Correlation between Environmental Knowledge, Environmental Affect and
Environmental Behavior Score Averages
Environmental

Environmental Affect Environmental Behavior

Knowledge
r 1 ,858** 426%*
Environmental
Knowledge P 000 000
N 364 364 364
r ,858** 1 ,502%*
Environmental
Affect P ,000 ,000
N 364 364 364
r 426%* ,502** 1
Environmental
Behavior P ,000 ,000
N 364 364 364

** Correlation is significant at the 0.01 level

When Table 5 is examined, it is seen that there is a positive and at 0,858 strength high
correlation between the environmental knowledge variable and environmental affect variable.
It has been determined that there was a positive and at 0,426 strength low correlation between
the environmental knowledge variable and environmental behavior variable. Meanwhile, it is
seen that there is a positive and at 0,502 strength medium level correlation between the
environmental affect variable and environmental behavior variable.

DISCUSSION

The aim of this study was to learn whether there was any correlation between the
components of “environmental knowledge”, “environmental affect” and ‘“environmental
behavior” among the significant components of environmental literacy and to determine if
there is a relation between them. The findings obtained were discussed in this section.

It is seen that the correlation (r=0,858) between the environmental knowledge and
environmental affect is a positive and high relationship according to the correlation among
environmental literacy components. This finding shows parallelism with the findings in the
researches made by Bradley, Waliczek and Zajicek (1999); Teksoz, Sahin and Ertepinar
(2010). However, while the correlation between the environmental knowledge and
environmental affect is positive and at medium level according to the researches of Kibert
(2000), Atasoy (2005) and Atasoy and Ertiirk (2008), Okesli (2008) and Erdogan (2009) have
determined that there was a positive and low level correlation between the environmental
knowledge and environmental attitude (affective). Therefore according to the finding derived,
the knowledge possessed by students towards the environment, at the same proportion, might
be affecting positively their affective characteristics towards the environment. So it can be
said that if a student has sufficient information about the environmental issues, he/she also has
positive affective characteristics towards the environment.

The correlation (r=0,502) between the environmental affective and environmental
behavior, which is another finding in our study, has been found to be positive at medium level.
Many studies (Hines, Hungerford & Tomera, 1986; Kuhlemeier, Van Den Bergh &
Lagerweij, 1999; Kaiser, Sybille & Urs, 1999), contain findings supporting this finding in our
study, regarding the correlation between the environmental attitude and environmental
behavior is at medium level and positive. So, it can be said that the students have tendencies to
convert most of their affective tendencies towards the environment into a behavior at the
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medium level though they not acting in. Meanwhile in the study made by Erdogan (2009), as
opposite to these findings, it has been found to be a negative correlation between the
environmental behavior and environmental affect of the students.

The correlation (r=0,426) between the environmental knowledge and environmental
behavior, which is another finding in our study, was determined as positive and at low level.
The study made by Hines and colleagues (1986) and Erdogan (2009) seems to support this
finding. This finding indicates that a student is not capable to change his knowledge about the
environment into his behavior. For example, a student might know that the paper, glass or
plastics should be thrown into the recycling boxes, but he/she might be not acting adequately.

In this study, which is researching whether there is a correlation between
“environmental knowledge”, “environmental affect” and “environmental behavior” among the
environmental literacy components; it has been determined that the correlation between the
environmental knowledge and environmental affect was a positive and high correlation, the
correlation between environmental affect and environmental behavior was positive and at
medium level, the correlation between the environmental knowledge and environmental
behavior was positive and environmental knowledge.

SUGGESTIONS

The following suggestions can be presented with respect to this research based on these
conclusions.
v' By taking into consideration of the high level relationship between the increment of
students’ environmental knowledge level and affective characteristics towards the
environment; it can be provided to enhance their affective characteristics towards the
environment in parallel with this by enabling the students have sufficient knowledge about the
environment.
v' By taking into consideration of the medium level relationship between the students’
environmental affect level increase and behavior characteristics towards the environment; it
may be effective if the students’ environmental curiosity; interest and sensitivity for the
environment are united with acting in towards the environment in order to further enhance
this relationship. Therefore if we can gain affective characteristics sufficiently to students
towards the environment, we can expect more effective positive behaviors from students on
environmental issues.
v' By taking into consideration of the low level relationship between the students’
environmental knowledge level increase and behavioral characteristics towards the
environment; practical environmental spaces should be arranged in which different methods
and techniques are implemented to enhance this relationship and their impact levels on
students’ behaviors should be examined.
v' Observation technique should be included in the environmental education process given
to students, these individuals’ affective characteristics and behaviors towards environmental
events should be observed.
v' To increase the positive behaviours of students towards the environment, it should be
necessary to focus on practical environmental education including the students’ families.
v" Secondary school students' desires on the environment should be satisfied by Science
and Technology teachers through giving education on the “environment”.
v' Within scope of the environmental education, students should not only be provided with
environmental education but also practical activities should be organized in order to improve
their affective characteristics and to convert these into environmental behaviors.
v" Projects with environmental subjects should be concentrated at schools and the students
should be ensured to adopt responsible behaviors towards the environment by participating in
these projects.
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ABSTRACT

The purpose of this study was to inquire about students’ conceptualizations of the force concept in
terms of ontological categories. Although some of the literature have been providing supporting
evidences about the fruitfulness of ontological categories for explaining the nature of students’ alternative
conceptions, some others provide strong arguments against it. To tap the controversial issues in the
literature, an inquiry was conducted in a classroom context with students who were seeking a degree to
become physics teachers. The data consist of four students’ written responses to physics problems,
reflections about their own conceptualizations from the theoretical perspective of ontological categories,
and video recordings of classroom discussions. The analysis of data showed that a theory-driven
interpretation (ontological categories) about students’ conceptualizations of the force concept did not
match with the students’ own interpretations about their conceptualizations. Furthermore, the students did
not consider ontological category shift a fruitful instructional strategy because of the possible problems
they projected for the implementation. The major problem emerged as the difficulty of situating every
physics concept into the distinct ontological categories.

Keywords: Alternative Conceptions; Force Concept; Teaching and Learning Physics; Ontological
Categories.

INTRODUCTION

An extensive body of research, conducted during the 1960s through the 1990s,
explicitly revealed that students’ pre-instructional ideas do not always match with
scientifically accepted conceptions and they influence further learning (Driver, 1989). In this
period of time, several labels were generated to refer to these ideas, such as “pre-
conceptions,” “misconceptions,” “alternative conceptions,” and “intuitive knowledge.” The
key result of these studies, alternative conceptions influence further learning, initiated a
significant argument against a well-established belief among numerous cognitive and
educational researchers concerning students’ failure to understand physics. According to these
theorists, the Piagetian developmental stage of formal operational thinking is the prerequisite
of learning physics and students’ failure in this domain is due to their under attainment of
these stages (White, 1993).
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In the early 1980s, the psychological and philosophical base of a new paradigm had
already begun to emerge among the community of science educators to explore students’
difficulties in learning some basic scientific concepts. It was recognized that alternative
conceptions were one of the main problems in students’ understanding science and this
opened a new window to explore students’ failure in learning science. This realization
stimulated many researchers to develop new learning models to effectively deal with
alternative conceptions. Among others, Conceptual Change Model (CCM) received special
interest from the educational community. Furthermore, the CCM has become synonymous
with constructivism in science education (Mortimer, 1995). The basic idea behind the CCM is
that learning is a rational activity and when students’ central concepts are inadequate to
explain new phenomena successfully, students must replace or reorganize their central
concepts (Posner, Strike, Hewson, & Gertzog, 1982; Strike & Posner, 1992). However, in the
following years, it was realized that what was supposed to be replaced or reorganized was
ambiguous (Wittmann, 2002). The ambiguity is not due to the lack of research on
identification of alternative conceptions hold by students but the lack of theoretical arguments
about the nature of these conceptions. In the following years, several researchers shifted the
emphasis on their research program from “identification” to “understanding the nature” of
students’ alternative conceptions. However, these affords could not readily provide a coherent
and consistent framework. Different researchers generated different interpretations about the
nature of alternative conceptions and, as a result, different theoretical frameworks emerged in
the literature. Chi and her colleagues’ (Chi, 1992; Chi, 2005; Chi & Slotta, 1993; Slotta &
Chi, 2006) proposal in terms of ontological categories, diSessa’s (1988, 1993)
phenomenological primitives, Minstrell’s (1992) facets of knowledge, Hammer’s (2004)
cognitive resources, and Vosniadou’s (1994) interpretations in terms of naive theories and
mental models are some examples of these frameworks. The focus of attention in these new
frameworks is to understand the cognitive, epistemological, and/or ontological resources used
by novices while they are reasoning about physical phenomena, rather than solely identifying
students’ misconceptions.

In this study, I will focus on one of the frameworks generated for the nature of
alternative conceptions, namely ontological categories, and delimit the content area to the
force concept. The purpose of the study is to provide a qualitative analysis about students’
conceptualizations of the force concept from the perspective of ontological categories. Before
formulating specific research questions, | will first provide a theoretical framework for
ontological categories in the following section.

Ontological Categories

Based on Keil’s (1979) interpretations on conceptual development in terms of
ontological categories, Chi and Slotta (1993) proposed a theory about the nature of students’
alternative conceptions. The major supposition behind the theory is that all the entities in the
world belong to different ontological categories and individuals’ learn about these entities by
implicitly or explicitly situating them into a specific category. While making these
suppositions, Chi and Slotta considered three general ontological categories which were
referred to as “matter,” “processes,” and “mental states.” There are also subcategories for
each of these general categories such as direct and emergent processes under the category of
processes, which all together form a tree. The theory claims that these categories are stable
and constraining, which means that an individual’s conceptualization of a concept fall into
one distinct ontological category and changing it to another category requires an extraordinary
change process.

According to this interpretation, the nature of many physics concepts falls into the
processes category. Gravitational force, electrical current, heat, and light are provided as
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examples of physical concepts belonging to this category. Chi, Slotta, & Leeuw (1994)
identify several ontological attributes of this category such as no beginning and end, no
progression, acausal, uniform in magnitude, simultaneous, static, and on-going. Based on
ontological categories, Chi et al. interpret the nature of students’ alternative conceptions as
misclassification of physics concepts according to their ontological characteristics. Several
studies (Reiner, Chi, & Resnick, 1988; Reiner, Slotta, Chi, & Resnick, 2000) assert that
students tend to consider many of the physics concepts within the matter category in spite of
their process specific nature. It was claimed that students interpret these concepts either as
material substances or properties of a material substance. Reiner, Slotta, Chi, & Resnick
(2000) define several properties of substance based schema such as pushable (able to push
and be pushed), containable (able to be contained by something), consumable (able to be
“used up”), additive (can be combined to increase mass and volume), locational (have a
definite location), and transitional (able to move or be moved).

Chi et al. (1994) argue that robustness of some alternative conceptions is due to
ontological differences between novice and expert’s conceptualizations of some physical
concepts and the difficulty of shifting a specific conceptualization from one ontological
category to another. Based on these interpretations, Chi and her colleagues hypothesized that
conceptual change can be facilitated by making students be aware of different ontological
categories and the true ontological category of a scientific conception.

Slotta and Chi (2006) tested this hypothesis with pre-test post-test control group design
by providing experimental group with direct instruction about process ontology. The study
was conducted with 24 undergraduate students about electricity. The qualitative and
quantitative analysis of the students’ responses showed that ontological training helped
students gain an appropriate ontological status for the electricity concepts. Another empirical
test was conducted by Lee and Law (2001) with students from a secondary school in Hong
Kong. Their results also showed that students’ conceptions on electric circuits were substance
based and supported the claim that instructional strategies enriched with ontological training
helped students change their robust alternative conceptions related to electricity. Similar
results were also reported in other domains such as genetics (Tsui & Treagust, 2004; Venville
& Treagust, 1998), evolution (Ferrari & Chi, 1998), thermodynamics (Clark, 2006), chemical
bonds (Harrison & Treagust, 2000), and management (Rooke, Koskela, & Seymour, 2006).

In addition to these empirical studies, Chen’s (2007) interpretation of scientific
revolutions in the history of science can be considered as an attempt to make a bridge between
ontogenetic and phylogenetic development of scientific ideas in terms of ontological
categories. Chen provides several cases from the history of science exemplifying the
substance bias in the development of several scientific conceptualizations such as heat and
motion which were considered identical to substance based conceptualizations of novices.
Further evidences about ontological shifts experienced throughout the history of science
provided by Chi and Hausmann (2008). Electricity, dinosaur extinction, theories about the
causes of some diseases such as epilepsy are some examples of ontological shifts.

In spite of the numerous studies supporting the theory of ontological categories, several
researchers provided strong arguments against it. The first opposition came from diSessa
(1993b) who tried to show the implausibility of making direct ontological distinctions among
physics concept by providing examples from experts’ use of several concepts such as entropy,
quantum field, and relativity. In recent years, the major arguments were provided against
context independent conceptualizations of ontological categories. For example, Teichert,
Tien, Anthony, & Rickey (2008) demonstrated students’ context dependent
conceptualizations of molecular concepts. Gupta, Hammer, & Redish (2010) also emphasized
the importance of contextual factors on thinking about specific physics concepts. They
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provided several examples from both experts and novices illustrating their transitions from
one ontological category to another in different contexts.

According to the perspective of ontological categories, the robustness of some
misconceptions were due to students’ ontological biases towards a substance based
conceptualization and within this framework, ontological attributes used by students provide
information about the specific ontological category of a concept hold by students. Based on
these arguments, students’ use of adjectives and predicates related to a concept were taken as
a base to make interpretations about students’ conceptualizations. The purpose of this study is
to understand students’ conceptualizations of the force concept in terms of ontological
categories. For this inquiry, the “force” concept was chosen because it is a fundamental
concept of Newtonian mechanics and provides a baseline for understanding a broad range of
physical phenomena. I first analyzed students’ conceptualizations of the force concept from
the theoretical perspective of ontological categories by following the same procedure
recommended by Chi and Slotta (1993). Then, I focused on the students’ own interpretations
about their conceptualizations. The available data also made it possible to investigate other
related issues such as the change process of students’ conceptualization of the force concept
and their interpretations about ontological categories. The specific research questions were
formulated as follows:

1) How do students conceptualize the force concept according to ontological category

perspective?

2) How do students change their conceptualizations of the force concept during

classroom discussions?

3) How do students interpret their own conceptualizations of the force concept from

the perspective of ontological categories?

METHODOLOGY

In this study, two qualitative methodologies were used, case study (Yin, 2003) and
cooperative inquiry (Reason, 2003). The case study was used in a way that each individual
student considered as a case and their conceptual reasoning about the physics problems was
analyzed by using the theoretical framework of ontological categories. These analyses
basically consisted of the researcher’s search of the available data for the students’ substance
based attributions to the force concept.

Cooperative inquiry was used as an instructional tool to help students understand and
analyze ontological categories as a theoretical framework. In this inquiry, the role of being
researcher was distributed among the whole class by engaging them in reading the related
literature, analyzing the exemplary cases, and doing retrospective analysis about their own
conceptual difficulties related to the force concept. The data emerging from this inquiry were
used to analyze students’ own interpretations about their conceptualization of the force
concept. In the following sections, participants, classroom setting, and data sources were
detailed.

a) Participants and Setting

This study was conducted with 29 undergraduate students (19 females and 10 males) in
an “instructional method” course designed for students who were seeking a degree to become
physics teachers. The major objective of the course was to help students understand the nature
of alternative conceptions and gain basic knowledge and skills on the implementation of
several instructional strategies in physics classrooms, such as cognitive conflict,
anchoring/bridging analogies, extreme case reasoning, ontological category shift, and learning
cycle. The data were collected in two consecutive semesters (2007-2008 autumn and spring
semesters). All the students attending the course had already taken the core physics courses
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(mechanics, electromagnetism, electronics, optics and waves) and they were taking education-
related courses during the period of data collection. Students’ ages ranged from 19 to 28 with
a mean of approximately 22 years. Although the students took the “instructional method”
course after they completed core physics courses, they still had conceptual difficulties.
Therefore, a considerable amount of time was usually spent on students’ own understanding
of physics concepts by posing different types of conceptual physics problems at the high
school level. In response to these questions, students were requested to describe their own
reasoning, to discuss it with class, to reflect on their difficulties, and to find appropriate
solutions. Finally, the instructor stimulated them to come up with appropriate instructional
strategies to overcome the experienced difficulties. Students were also provided with lectures
about different interpretations about the nature of alternative conceptions and instructional
strategies, and they were required to read assigned papers selected from the literature. In
short, this course was designed to increase students’ pedagogical content knowledge by
engaging them into an inquiry. Students were evaluated mostly based on their contributions to
the classroom discussions and competency on the applications of specific instructional
strategies covered in the course.
b) Data Sources

The data set used in this study was extracted from different types of activities conducted
with students. The data consist of students’ written documents and video recordings of the
classroom activities. To respond to the research questions the available data sources were
categorized as follows which also shows the sequence of the data collection process

Written responses to the problems. At the beginning of the course, students were
provided with a set of problems related to mechanics. The problems were open-ended, mostly
counterintuitive, and conceptual. Many of the problems were adopted from the force concept
inventory (Hestenes, Wells, & Swackhamer, 1992) and the others were developed by the
author and his colleagues. There were 10 problems in total and students completed their
responses approximately in 45 minutes.

Classroom discussions about the problems. After students written responses were
analyzed by the researcher, different predictions generated for each problem were categorized.
In the classroom session, each prediction was written on the board and students were
requested to give more details about their predictions by explaining their reasoning. Before
students begin discussion, they first had a chance to hear the arguments behind each
prediction. All the discussions were video recorded for further analysis.

Reflection papers on ontological categories. After the problems were discussed in the
classroom session, students were introduced with Chi and her colleagues’ interpretations
about the nature of alternative conceptions in terms of ontological categories. In an hour
lesson, the findings in the literature about students’ use of substance based conceptions
exemplified and ontological training as an instructional strategy was explained with specific
examples. After these explanations students were requested to read the assigned papers about
ontological categories and write a reflection paper about ontological categories. Students were
also requested to make interpretations about their own conceptualizations of the force concept
and make connections with the theory.

Classroom discussions on ontological categories. To help students detail their
arguments about ontological categories, a classroom discussion was conducted after they
handed in their reflection papers. During these discussions, students were stimulated to reflect
on their own conceptual problems experienced during the problem solving and make
connections with the theory, especially the students whose conceptualizations of the force
concept coded as substance based by the researcher. All the discussion session was video
recorded for further analysis.
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FINDINGS and RESULTS

The data were analyzed separately for each research question. For the first research
question (substance based conceptualizations), a straightforward analysis procedure was
followed. Based on the theoretical framework of ontological categories, students’ written
responses and classroom discussions about the problems were analyzed; specific cases where
students attributed a substance based characteristics to the force concept was searched and
coded accordingly. For the second research question (change process), the data emerging
from the students’ discussions about the problems were analyzed. In this process, specific
attention was given to the particular changes on the students’ conceptualization of the force
concept during the discussions. These analyses consisted of the researcher’s interpretations on
the students’ use of the force concept from the theoretical perspective of ontological
categories. However, for the third research question (students’ reflections), students’ inquiry
and reflections were taken as a base for the analysis.

Students’ Substance Based Conceptualization of the Force Concept

The analysis of the students’ written responses and classroom discussions about the
problems showed that students still had conceptual difficulties related to force and motion
after they completed core physics courses. However, only 4 (out of 29) students’ difficulties
was directly related to substance based conceptualization of the force concept when the
available data were analyzed from the perspective of ontological categories. According to this
perspective, ontological attributes used by the students provide information about the specific
ontological category of the concept hold by the students. The four students’ specific
attributions to the force concept seemed to be matching with two properties of substance
based schema, namely containable and transitional. The specific attributions to the force

99 C6

concept used by the students were identified as “given,” “imparted,” and “provided.”

Table 1. The problems on which the students used substance based conceptualization.

Problem 1 A soccer player is kicking the
ball from three different positions as
shown on the picture. If you assume
that the player is kicking the ball the
exact same way in each position, how
do you compare the speeds of the ball
for each kick when the ball enters the

goal?

Problem 2 While a hockey puck is
Initial direction e O moving in the given direction, it
receives a kick. What would be the path

T of the hockey puck after the kick?




Ozdemir, O. F. (2015). A Qualitative Inquiry about Students’ Conceptualizations ....

Students’ substance based attributions were explicitly observed on two problems which
were given on Table 1. Before moving any further, it would be better to talk little bit about
these problems. The common characteristic of these problems was that the problem situations
included simultaneous and temporary act of forces such as kicking at an object. In addition to
the attributions of substance based characteristics, the most explicit form of substance based
conceptualization emerged as students’ assumption on the existence of the force on an object
when there was not actually any force acting on the object. Substance based conceptualization
of the force concept did not reveal itself easily if there is a continuing force on objects such as
gravitation or continuously pushing or pulling an object. In these situations, it was not easy to
distinguish whether students have substance based attributions or not because in both cases
there was a force acting on objects.

The four students’ substance based conceptualization of the force concept was almost
identical in both problems. In both problems, the students thought that there was still a force
acting on the object after the kick. The students seemed to be thinking that the temporary
force applied by the players during the kick was transferred to the ball. The responses of the
four students to the first problem were almost the same. They thought that the ball would
enter the goal when the player kicks the ball from a distant position. Below is a student’s
written response to the first problem.

“If we ignore the friction, the ball will enter the goal with the highest velocity when the player kicks the
ball out of the penalty area. This is because, the ball accelerates with the force given by the kick. Ina
small distance the ball would not accelerate much. But, when the distance was increased, the ball had a
chance to increase its velocity on the way to the goal.”

According to Newtonian physics, there is no force acting on the ball after the kick — the
force is simultaneous and when the kick is over, there is no force acting on the ball anymore.
However, the students’ conceptualization seemed to be that the force was transferred to the
ball after the kick. Therefore, they thought that the force was still acting after the kick and the
ball was accelerating. Another interesting point in the students’ reasoning was their use of
Newton’s second law (force causes acceleration). Although students correctly stated
Newton’s second law, their inappropriate conceptualization of the force concept made this
statement meaningless. This is like saying “sugar makes tea sweet” but conceptualizing sugar
as something else, like salt. Although the literal statement of the law is correct the actual
meaning is completely destroyed.

The following examples describe the four students’ reasoning about the second
problem. The problem was asking the path of a hockey puck when it receives a kick while
moving in a straight line with a constant speed. There were two different responses to this
problem. Nevertheless, in both cases the students’ conceptualization of the force concept was
the same: they thought that the force applied by the player transferred to the puck. One of the
students thought that the puck would go straight on the direction of the kick. His argument

was quite interesting. He claimed,
“Objects move in the direction of the net force acting on it. In this problem, the only force acting on the
puck is the force provided by the kick. Therefore, the puck will move in the direction of the kick. There
is no other way.”

This student was quite sure with his answer. In actuality, objects do not necessarily
move in the direction of the net force acting on the object. Probably he generalized a principle
specific to the forces acting on static objects or acting on the same direction with the velocity.
He thought that the force was imparted to the puck after the kick. Therefore, he thought that
the force was still acting after the kick. Other three students’ responses were similar to that of
the first problem; they stated a correct physical principle. However, the operation of the
principle did not work well because of the students’ misconceptualization of the force
concept. They thought that the puck would follow a curvy path. Actually, their reasoning can
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be easily predicted by thinking as if there were continuing force acting on the puck (like
gravitation). Below is one of the students’ written explanations.

“The puck would follow the path as shown on the picture above (he drew a curve)... There is only one
force acting on the puck which is the force given by the kick. The puck is moving under the influence of
initial velocity and this force. Therefore, the puck would be distracted continuously from its initial
direction and follow a curvy path.”

Actually these students’ reasoning could be correct if there was a continuing force
acting on the puck (such in the case of projectile motion — continuous act of gravitation on a
horizontally moving object). However, in this situation there is no continuous force. The force
due to kick is simultaneous and there is no force after the kick. Again, we see that although
students correctly stated a physical law, their misconceptualization of the force concept led
them to an incorrect conclusion.

The Change of Substance Based Conceptualization

In this section, | will describe how the students who were holding a substance based
conceptualization (according to ontological category perspective) changed it through
classroom discussions and then make speculations about this change process. To describe this
process, | will present a considerably long episode from the classroom discussions. In this
episode, the students were discussing about the soccer problem. During the discussions, there
were 15 students in the class and two of them (Meltem and Defne) were holding a substance
based conceptualization.

Instructor: Okay, here is the problem. In your papers there were two different answers... Let’s
hear first from the ones who thought that the farther the ball is from the goal, the
faster it gets...

Meltem: I thought that when we increase the distance, the ball would gain more acceleration
and enter the goal with greater speed.

Instructor: Can you explain more why do you think the ball gain more acceleration with the
distance?

Meltem: Actually, | was thinking about the time. If there is more time, the ball will gain more
speed. Because there is acceleration all along this time, the speed of the ball will
increase.

Instructor: Then you are saying increase in speed, not the acceleration.

Meltem: Yes, the speed, not the acceleration. Acceleration will be constant which increases the
speed...

Std2: I could not understand why there is acceleration all along?

Defne: Because of the kick. Kick is the net force here, which causes acceleration.

Std4: Then, if we kick the ball from the other goal area, does it enter the goal with more
speed?

Std7: Good question! What if we increase the distance to say a thousand kilometers? There
is no way of increasing the velocity.

Meltem: There is air friction [pause] and eventually the ball will fall...

Std6: What if there is no friction and gravitation?

Meltem: I know, it sounds strange but according to the Newton’s second low [F=m.a]. The

speed must increase...

Std2: According to the law, if there is no force there is no change in the velocity. The ball’s
speed does not change all along the way...

Defne: But there is a force.
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Std11: No, there is not.

Defne: What about the kick? The kick is a force, isn’t it?

Std2: Yes, but there is no force after the kick...

Std10: It is like a spring; when the objects leave the spring there is no force after...

Std7: If there were force after the kick, everything should be speeding up. It would not be a

problem to reach the velocity of light in space and we could send spaceships to other
galaxies easily.

Meltem; I understand what you are saying. | did not think about it before. Let me think about it
for a while.

Instructor: Defne, what do you think about this?

Defne: I am confused. | always thought there was a force after the kick. But, it is correct if
there is always force everything should be speeding up. | did not think about it before
either.

Stds: You thought force like energy I guess...

[We took a break after this comment. During the break | believe students kept
discussing about the force concept; however, because they left the class these
discussions could not be recorded. When we returned, the discussions continued as
follows]

Defne: I thought about it and it makes sense. If we think force like that we can never get a
constant velocity. The force is there while we are pushing or pulling; when it is over,
there is no force.

In this episode, we see Defne and Meltem’s dissatisfaction with their prediction by the
arguments provided by other students. At the beginning of these arguments, other students did
not use physics concepts or principles but they tried to falsify the substance based prediction
by common sense beliefs supported with extreme cases. Later on, Newton’ second law
brought into discussion which made the students realize the conceptual discrepancies among
them related to the force concept. Throughout the discussions Meltem and Defne realized that
Newton’ second law did not make sense by using the force concept as they used to think.
Through the end of the discussions they seemed to be changing their conceptualization of the
force concept.

The following quotations extracted from the students’ discussions on the second
problem provided more evidence that the students have changed their conceptualization. In
this episode, we immediately see that the students who used substance based
conceptualization before were changing their arguments on the second problem (hockey).

Defne: I made the same mistake in this problem. I solved the problem as if there were force
acting on the puck after the kick. Therefore my answer was a curved path.

Instructor: What do you think now?

Defne: Okay. Let me think. I previously thought it like a projectile motion. But it is not

possible. | know if there is no force, objects must go straight or do not move. The kick
is simultaneous and the puck gains a velocity in the direction of the kick. It would
move in the direction of the kick but the puck was moving before the kick. Well.
[Pause] Okay, there is no force after the kick, and then it has to move in a straight
line. If there is no force it can’t make a curve, it must be straight. We should add up
the velocities then... It must be between the kick and the initial velocity.

Instructor: Meltem, what about you? How do you think about the problem?
Meltem: | agree.
Instructor: But you did not think this way before.

Meltem: Yes, | thought there was force acting on the puck after the kick.
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Instructor: What makes you think, now, that there is no force after the kick?

Meltem: Because force is not defined that way. There is force when there is an there is
something between the things like pushing or pulling. After that, it is over.

Instructor: Tell us more how did you think about the force before?

Meltem: I do not know exactly. | did not think about the force with details before. | solved tons

of problems while | was getting prepared for the university entrance exam and none
of them required me to figure out whether there was a force or not. The force was
always given. But, in some cases, | assumed that there was no force; for example, if
the problem was saying the speed was constant, | immediately assumed that there was
no force.

What can we say about this change process? According to the theoretical framework of
ontological categories, these students have shifted their conceptualization of the force concept
from one ontological category (matter) to another (the process). The theory claims that “once
an ontological commitment is made with respect to a concept, it is difficult through any stages
of mental transformation to change one’s fundamental conception from a substance to a
process (Chi & Roscoe, 2002). Thus, ontologically misattributed concepts would require an
extraordinary process of conceptual change” (Slotta & Chi, 2006, p. 263). However, this shift
was not as problematic as it was projected by the theory. From Meltem and Defne’s
statements, we can understand that they did not have a strong ontological commitment to the
force concept although their initial reasoning about the problems showed that they attributed
substance based characteristics.

Although I could exemplify only Defne and Meltem’s case because of the limited space,
other two students also changed their conceptualization of the force concept in a short time.
The easiness of these students’ conceptual change seemed to be due to students’ familiarity
about the process nature of the force concept. One source of this familiarity might be coming
from the students’ experiences with springs as one of the students explanation pointed out; “It
is like a spring; when the objects leave the spring, there is no force after...”

Students’ Reflections on Ontological Categories and Their Own
Conceptualizations

The major pattern emerging from students reflections about ontological categories was
that they conceptualized ontological categories as a complex issue. Almost all of the students
claimed that ontological categories could not make it easier to understand concepts, but make
it more complicated and confusing for both teachers and students. The following script
extracted from one of the students’ reflections is a typical response provided by many of the

students:
“I think ontological categories might explain some of the roots of misconceptions. However, it doesn’t
seem possible to make students be aware of different types of ontological categories and stimulate them
to shift from one category to another. This process might confuse them because even | am not sure
about the ontological status of every physical concept. For example momentum, | do not know its
ontological status. I know what momentum is and what is not but | cannot tell students about its
ontological category.”

Only two students (out of 29) provided supporting arguments for ontological categories
without a substantial critique. These students arguments were based on a claim that knowing a
concept requires being aware of its ontological status. The following quotation was extracted
from one of these students’ reflections.

“I think we can help students understand physics concept by teaching them about different ontological
categories. To know something with details require knowing its ontological status. For example, if we
need to know about whales we have to know that it is a mammal not a fish. Similarly, when students
learn about the force concept they have to learn that it is a process not a matter.”
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The students’ reflections whose conceptualization of the force concept was coded as
substance was interesting because they did not interpret their conceptualization substance
based. Without an exemption, all four students argued that their conceptualization of the
force concept was similar to energy or momentum. They explained their conceptual
difficulties in terms of failure to totally comprehend an individual concept. Below is one of
the four students’ reflections.

“I do not think that ontological categories are an appropriate way of describing the roots of
misconceptions. While 1 was solving the soccer problem, | thought there was a force after the kick.
Actually, I did not think about the force something like matter or substance. I realize now that I thought
force more like energy or momentum. | guess we need to know exactly what is force, energy, current,
momentum etc. Our instructors did not explicitly provide lectures about the details of these concepts;
therefore, we did not completely understand these concepts. | guess the problem is simple: we do not
know about the concepts. Ontological categories are difficult to grasp and do not seem to be necessary
for students to know. We need to help students wholly understand each concept. We can help them by
providing different types of examples for these concepts. For example for the force concept we should
explicitly show students when there is a force and there is not with broad range of examples.”

During the classroom discussions, students restated their opinions they wrote on their
reflection papers. The major argument immerging from the discussions was the difficulty of
situating all the physics concepts into the distinct ontological categories. Although they did
not explicitly stated, they seemed to be thinking that all the physics concepts should be
categorized explicitly according to their ontological categories to be used for instructional
practices. The discussion began with the following question asked by one of the students.

“I could not find an ontological category for the momentum. Is there any map or table showing the
ontological categories of all the physics concepts?”’

Unfortunately we could not find a distinct category for the momentum throughout the
discussions and then the discussions shifted to other concepts such as energy, volume,
density, and even mass (which should be considered as a form of energy from the relativistic
perspective). Although finding a category for the concepts studied in the literature such as
heat and electric current was rather easy, the classroom discussion showed that finding an
ontological category for every concept encountered in physics is not an easy task. | think the
following comment made by one of the students summarizes the general attitude of the
students toward ontological categories.

“I don’t think categories are important as long as we know exactly what a specific concept is all about. 1
remember our discussions in elementary school about whether a watermelon is fruit or vegetable. As
long as | know how it tastes, smells, and look like it does not matter which category | am putting them
in.”

DISCUSSION and CONCLUSION

The literature on ontological categories has been providing very convincing results
about students’ biases towards substance based conceptualizations and the effectiveness of
ontological training on students’ understanding of true nature of scientific concepts. However,
this research line has been taking an outsider perspective and put little attention on students’
own interpretations about their conceptualizations. In this study, when the available data were
analyzed from the same perspective, similar conclusions were reached that some students’
conceptualization of the force concept seemed to be substance based. However, these
students’ retrospective analysis about their own conceptualizations showed that they did not
consider their conceptualization of the force concept substance based. They did not make an
ontological distinction between their previous and new conceptualizations of the force
concept. They argued that they experienced difficulty with the force concept because they did
not have explicit knowledge about force. They attributed their conceptual problems to the
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instructional practices ignoring the conceptual aspects and heavily relying on laws and
formulas. Students’ classroom discussions about the problems also provided supporting
evidence that they could easily adopt a scientific conceptualization when they were explicitly
informed about the actual meaning of the concept by their classmates.

Most of the students also believed that ontological interpretations on physical concepts
make it more complicated to understand. Classroom discussions also supported this belief;
when the questions about ontological status of different types of physical concepts were
raised, all class including the instructor realized that it is not an easy task. Even for the
simplest concepts, like “mass,” the categorization process turn out to be a complicated iSsue.
Although we consider mass concept as matter, in the advanced level it is also energy
(Einstein’s well-known proposition E=m.c?). Should we put it in the matter category or
process; or should we adopt a context dependent ontological schema (which was rejected by
the theory)? Another similar concept is “momentum;” how should we define its ontological
status? Because in the simplest form, momentum is mass times velocity, which includes both
matter and process characteristics. The number of examples can be increased but finding a
context independent ontological category for every concept does not seem possible.

In spite of these critiques, there was a consensus among students that traditional
instruction did not support gaining an explicit knowledge about the physics concepts. In this
respect, what the students are arguing against and the theory match with each other. Both
argue that without special treatments demonstrating the explicit forms of a concept, it is
difficult to construct an appropriate conceptualization. However, the students strongly
rejected the idea of conceptualizing the physic concepts in terms of ontologically distinct
categories because of the difficulty they experienced in their attempts to locate physics
concepts into the distinct ontological categories.

The implications of this study are twofold. The first one is methodological — specific
attributions used by individuals and ontological categories do not necessarily match with each
other. Therefore, alternative methodologies should be employed to understand students’
ontological orientations toward a specific concept. The second one is theoretical. The question
iS; can every physics concepts be located into context independent distinct ontological
categories? In this classroom, we failed to do that. The researchers who are in favor of the
theory should provide more evidence with broad range of examples that every physics
concept can be located into distinct ontological categories.
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ABSTRACT
In this study, the effect of science activities designed by inquiry-based approach on prospective
elementary teachers’ utilization of science process skills and inquiry strategies is investigated. The study
was conducted by a group of prospective elementary teacher (N=119) established by mean of purposed
sampling. Data was gathered pre and post instructional practices of the instruments “science process
skills and strategies (S&S)- scale” and “science process skills (SS)-test”. The data were analyzed by
procedures of dependent group t-test and Pearson correlation test which pointed an effect of inquiry -
based activities on the prospective teachers™ use of science process skills and inquiry strategies. The
study concludes with recommendations for further investigations to signify and overcome the barriers
challenging the prospective teachers’ adaptations and practices of science process skills and inquiry

strategies.

Keywords: Inquiry-Based Teaching; Inquiry Strategies; Prospective Elementary Teachers; Science
Process Skills; Science Teacher Education.

INTRODUCTION

Students from all levels of education witness through observation the various natural
events which make them wonder. Student explanations based on intuitions on nature events
are often away from consistency and reliability (Liu, 1998). Also, science textbooks
inheriting abstract and prefabricated forms of knowledge contribute limited or none guidance
to student experience with science activities and natural events (Lin et al., 2013; Stear et al.,
1998). However the ways of investigation and discovery which scientist adopts to study the
nature and problems provide students tracks to overcome limitations of traditional science
teaching and materials. Reliable and valid explanations for science activities and natural
events depend on students experience with the inquiry method framing the scientific studies.

Inquiry as an instructional approach was brought to discussion by progressive
philosopher John Dewey at the beginning of 20" century (Abd el-Khalic et al., 2004; Polman
& Pea, 2000). The approach signified the importance and essentiality of learning as an
experience based on lived processes. Inquiry as a method is defined as the actual processes
by which scientists unveil the reality (Chinn and Malhotra, 2002) and it is widely believed
that its adaptation to science instruction helps students in understanding the natural events
(Chen & Chen, 2012). Even though inquiry instruction seems to be resonating as hands —on
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and minds-on practices among science education community, the views hold on for the place
and praxis of inquiry approach in science education are further perplexed by various
perspectives. Abd el Halick et al., (2004) assesses inquiry perspectives in science education
as a mean which shapes the instruction and helps students gain science content and as a gain
which students can acquire through the science instruction. Anderson (2002) oversees inquiry
first as the ways of investigation and discovery which were practiced by scientists, secondly
as the instructional ways through which students can be able to learn science and lastly as
various approaches of teaching science practiced by teacher.

What would be the most appropriate way to follow in science education to practice
inquiry approach? Nonetheless there is no certain answer generated for such a quest however
certain strategies can be followed to conduct inquiry teaching in science classroom. The
strategies would be the ones of such: to produce and analyze a case or event which is
scientifically focused and framed on a question, gathering evidence, producing explanations
to answer the questions, evaluating and testing the results from various perspectives and
communicating the outcomes objectively with a community of peers (Biggers & Forbes,
2012). Exemplars of instructional practices are benchmarked with existence of authentic
questions originating from or in the vicinity of students” lives (Keys & Brayn, 2001; Miri et
al., 2007). Within such a context, science activities form an arena where students can
experience the importance and meaning of inquiry at a personal level (Crawford, 2000).
Students must be decorated with critical thinking abilities adequately to bring out and answer
the questions inheriting some personal meaning as a life experience (Southerland, Gess-
Newsom & Johnston, 2003). Therefore, in-class practices of inquiry instruction provide
students with opportunities to be critical and skeptical to compare existing knowledge with
observed events. At the same time, along with the discovery of facts of nature by check and
balances of ideas and knowledge with the newly experienced phenomena at hand, the inquiry-
based science activities organize the scientific content knowledge at personal levels (Entwistle
& Ramsden, 1983, cited in BouJaoude, Salloum &EI-Khalick, 1994).

Sandoval and Reiser (2003) emphasize the experience and learning of scientific activity
processes that paves way to inquiry learning for unearthing logical explanations as well as
satisfying epistemological validity. Within the same framework, NRC (1996, 2000) provides
the essential process and skills for students to be able to conduct inquiry successfully. Inquiry
skills similar to science process skills describe the steps which students must be able to do
within the learning environment. These are developing satisfactory explanations based on
observations for events and phenomena in science courses, supporting scientific explanations
with evidence and arguments and defending the outcomes before a group of peers with the
scientifically established means of communications. Inquiry as a multifaceted methodology
covers the process skills such as making observations, putting questions for research, planning
investigations, comparing exiting knowledge with experimental results, comprehending the
results, collecting evidence and using proper means and methods for analysis and
interpretation, proposing and communicating answers, explanations and expectations.
Therefore, the process skills in science education can be achieved along with the
accomplishing inquiry based teaching.

Along with the change on teacher and student roles in learning in a constructivist
learning environment, students’ academic performance on science subjects is associated with
acquisition and display of science process skills. Within such a framework of science
instruction, science teacher’s role as a guide and facilitator has been required especially in
science activities where the opportunities of observations and experimentations are provided
for students. As a matter of fact, Rogers and Abell (2007) signify the change in teacher and
student roles in science laboratory courses. Within such a context, student performances in
stages starting with the subject of the inquiry investigation, continuing with gathering and



Ozdemir, O., & Isik, H. (2015). Effect of Inquiry-Based Science Activities on ....

interpreting evidence are valued as chances for students to make guided or independent
decisions. However, drawbacks in teacher’ intervention as a guide to students’ learning
process in inquiry-based science instructions challenges the practice of such an approach to
extensive scale (Chin & Chia, 2004; Smith & Anderson, 1989).

Studies conducted with the science teachers of K-9 levels provide the barriers and
limitations by the implementations of inquiry-based science instruction. Roehrig and Luft
(2004) found that the middle school science teachers were confined with the lack of
knowledge and skills to conduct inquiry teaching and were also concerned with the class
management and curricular planning. Crawford (2007) revealed that deficiencies in teachers’
conceptions on the conduct of science diminish their implementation of inquiry.

Studies conducted to investigate in-class inquiry instructions display the shifts in the
focus of inquiry strategy. In a study with a sample of Nicaraguan primary school level
teachers of science, Lucero, Valcke and Schellens (2013) showed that teachers preferred
assisting students to pass through the stages of an activity instead of guiding them to think on
different perspectives and decision making processes. Kim, Tan and Lee (2013) investigated
teachers’ perceptions on inquiry-based science teaching approach in Singapore national
curriculum and found that teachers took students’ acquisition of content knowledge as a
benchmark to accomplish via science activities rather than the progression of skills and
abilities to conduct an activity independently. From an overall perspective, inquiry practices
is under scrutiny and questioned because of the recipe type science activities which are in
confirmatory nature where students are the seekers of right and certain answers and effort to
develop dexterity with science materials as skills (Crawford, 2007).

Findings provided by aforementioned studies can be interpreted such that the teachers
instructing science might have been actually challenged by the lack of motivational and
confidence related shortcomings, and not familiar with the required pedagogical training to
conduct inquiry-based science teaching approach. In Turkey, science teachers were founded
to be determined to teach science with inquiry approach but they lack experience and skills to
put it into practice (Sahin, Isiksal & Ertepinar, 2010; Koksal & Berberoglu, 2014). As a
matter of fact, low scores gained by Turkish students in TIMMS exams for the science
questions requiring some use of inquiry skills can be regarded as the indicator of that inquiry
practices being implemented in the schools are not effective in acquisition of the skills by
students foreseen by the curriculum (Koksal & Berberoglu, 2014). Overall, professional
training and guidance is necessary for in-service and as well as prospective teachers to
conduct inquiry based instruction of science activities.  Moreover, Melville and Bartley
(2010) signified the importance of professional learning opportunities designed for instructors
of science courses to enrich their conceptions of inquiry teaching perspectives besides the
mastery on inquiry teaching of a subject matter. Lin, Hong, Yang and Lee (2013) revealed
with a group of Taiwan primary school instructors of science courses that at the first hand
they have to learn inquiry strategies for their own need. As a result, this study accepts the
view that teachers of science need to be decorated with science skills and inquiry strategies to
teach science.

While the importance of inquiry-based teaching and learning has been rising in science
education, the studies have showed the limitations and barriers to its implementation of the
inquiry approach. Teachers of science courses are instrumental in implementing the science
curriculum at schools. Aforementioned studies globally depict a picture for the performances
of teachers of science courses on curricular activities that inquiry practices by both in-service
and prospective teachers must be investigated. Therefore the solutions for satisfactory inquiry
based science teaching must be associated with the way actually teachers of science are
educated to implement such a purpose.
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In particular, any consideration for the answers and solutions to the challenging situation must
regard the fact that prospective teachers of science subjects might have been obliged to start
the profession before being educated properly on inquiry based teaching. The teachers need
to be decorated with features of science process skills and inquiry strategies to manage a
classroom with inquiry based learning environment. With such an impulse, this study
investigated the effect of inquiry based science activities on prospective elementary teachers’
use of science process skills and inquiry strategies.

In general, inquiry approach is implemented as guided and open inquiry sessions where
students have chance of learning with teacher guidance in a constructivist environment.
Inquiry learning is generally associated with extreme participation and responsibility of the
students (Welch et al., 1981). Teachers of science are expected to be independent learners of
science concepts to some degree. Such implementations emerge a question on the efficiency
of teacher guidance in student science learning (Koksal & Berberoglu, 2014). This study
includes science activities designed by the prospective elementary teachers. The teachers
brought the subject of the activities, did planning and investigation of the problem, decided on
the analysis, interpret and display of the results. They were guided on necessity by the
researchers to include certain stages such as science process skills and inquiry strategies.
Following research questions were answered by this study:

1.1. How frequent and to what level are the science process skills utilized by prospective
elementary teachers during science activities?

1.2. What changes occurred for the frequency and level of the science process skills utilized
by prospective elementary teachers during science activities?

2.1. Which inquiry strategies are often used by prospective elementary teachers during
science activities?

2.2. How do the utilization frequencies of inquiry strategies change during the science
activities?

3.1. What are the correlations among inquiry strategies used by prospective elementary
teachers during science activities?

3.2. How do the correlations among the inquiry strategies used by prospective elementary
teachers changed during science activities?

METHODOLOGY
a) Sample

Sample of the study was chosen with the technique of purposeful sampling. Two
criterions were established for the sampling procedure in a plain way. Firstly, prospective
teachers who would be selected to participate in the study are expected to be the ones teaching
science subjects at the elementary school level. Secondly they should have been enrolled in a
university level science course. All 119 prospective elementary teachers enrolled in the third
grade course Science and Technology Teaching Il in a college of education in Turkey at the
year of 2011-2012 were participated in the study. Forty-five of the participants (%37,8) were
male and seventy-four of them (%62,2) were female.

b) Data Collection Instruments

Investigation of inquiry based science activities was conducted with the data gathered
by two quantitative instruments. These are “science process skills and inquiry strategies scale
(S&S-scale)” and “science process skills test (SS-test)”. S&S scale was developed by the
researchers and consists of two subscales on science process skills and inquiry strategies. In
the first subscale, the participants are asked to provide information on how often in science
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courses they utilize the skills such as: observation, measurement, recoding data, interpreting
data, classification, comparison, estimation, making hypothesis, identifying and testing
variables and making a conclusion. The responses are marked as “the least” or “the most”.
The validity of this subscale is confirmed by two university level instructor in the field.
Second dimension consists of eight statements on inquiry strategies regarding the critical
perspective toward a new idea or observational event and confirmation of the truthiness of
existing and newly admitted knowledge. Participants mark on Likert- scale indicating their
use of each strategy in science courses. Development of these subscales included a trial of
pilot study which was used to evaluate and refine the statements. Cronbach alpha values of
these scales are 0, 60 and 0, 65 at the beginning of the study. These values may be regarded
as right below the acceptable border value. Such low scores of reliability can be reasoned with
on the fact that this study is not measuring achievement or performance but rather interested
in the personal constructs such as attitudes toward or utilization of skills and abilities (Kline,
1999). Beside the prospective elementary school teachers’ self reports, objectified data on
their performances on the use of science process skills were evaluated with science process
skills test (Celik, 2013). The test includes 30 multiple choice items on science process skills
which are in the focus of the study. KR-20 reliability value of the test was 0,80.

c) Data Collection and Analysis

The study is conducted as pre and post experimental design. The data in the study was
gathered by pre and post application of the instruments S&S-scale and SS-test. In SS-scale,
the responses to the first subscale regarding science process skills were coded as “1” for the
least use and “2” for “the most use”. The responses to the second subscale regarding inquiry
strategies were coded as “1” for “the least”, “2” for “seldom”, “3” for “sometimes”, “4” for
“usually” and “5” for “always”. The responses to science process skills test were coded as
“0” for wrong and “1” for true responses. Then, all the data were entered and analyzed with
SPSS 17 statistical program.

The evidence for the status and change of the utilization frequency of science process
skills and inquiry strategies by prospective elementary teachers were obtained with the
descriptive analysis of the responses to SS-scale items and as well as the comparison of their
pre and post mean values with t-test analysis for dependent groups. Moreover, to obtain
evidence on the question of that how successfully the science process skills were actually
applied by the participating prospective teachers during the science activities, the responses to
the SS-test and the self reported utilization frequencies of science process skills were analyzed
with Pearson correlation analysis between the pre and post mean values of these items.
Lastly, to reveal any relations among the utilization frequency of inquiry strategies by the
teachers, the Pearson correlation analysis was conducted for the responses to the related items.

d) Instructional Process

The study was taken place in the course of Science and Technology Teaching Il for a
time length of twelve weeks. The course covers the science subjects which are thought to the
fourth and fifth grade students in elementary school. The prospective elementary teachers
were grouped as three or four and then each group planned, designed and applied a science
activity on these subjects. The researchers are also the instructors of the course and provided
guidance to the participants in the conduct of the activities. Duration of each activity is
limited to one class hour. All activities are designed by inquiry based approach and included
an experimentation phase. The activities started with a question to make other students
wonder and motivate about the activity or its ending. The researchers guided the prospective
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teachers to include instances of observation, measurement, comparison in the activities
therefore the peers who are following the activity have opportunity to practice and apply the
related skills. Moreover, through questions or statements, the students conducting the activity
tried to signify the contradicting results with daily life and intuition based ideas hold by
people.

To involve students in active use of inquiry learning approach for science process skills
and inquiry strategies, written and oral feedback instruments are used to motivate students to
follow up and evaluate each activity carefully. To strengthen the teachers’ involvement in the
activity, they were asked to practice a technique of “Prediction-Observation-Explanation”
phase and invited to share what they explored and discovered orally with the class. They
were also involved in situations to answer the questions of such “what is interesting in my
observation”, “what is new and different from what I have already know”, “what I can prove
with what I already know” and “what are contradicting with what I already know”.
Thorough the oral and written sessions on such questions, the teachers faced with
epistemological challenges and organized their knowledge and experience. Moreover, “the
activity evaluation form” which is designed by the researchers was filled by the participants
individually upon following the activity. The statements in the form asked to evaluate the
discovery, argumentation, participation, creativity and genuine characteristics of the activity.
The participants were also obliged to write a journal after each activity. The purpose of
journal writing is to help them to evaluate activity outcomes with the questions of “what”,
“how” and “why”. Along with such follow-up studies, a discussion and critical environment
in the class was established and the participants were guided to experience inquiry as well as
gain interest and awareness toward analyzing the activities.

FINDINGS

The findings of the study were based on the pre and post administration of SS-scale and
SS-test during the course. The purpose of the findings is to reveal and address any
perceivable effect of inquiry-based science activities on the utilization frequency of the
science process skills and inquiry strategies by prospective elementary teachers.

Total score could be taken from the science process skills subscale is ranged between 10
and 20. Table 1 shows that the pre-instruction mean score was 16, 1. This value is close to
the middle of “the least” and “the most” meaning that the teachers” use of science process
skills can be interpreted as being average before the instruction. At the end of the inquiry
based instruction, the value was raised to 18, 1 level. This change was tested to be significant
(p<.05). Therefore, inquiry-based science activities influenced the utilization frequency of the
skills by the participants to some degree.

Eight items comprising the frequency of the prospective teachers” use of the inquiry
strategies scored between 8 and 40. Table 1 shows that the mean value for the utilization
frequency of the strategies by participants was 25, 6 before the course started. This value
marks a point near to “sometimes”. At the end of the course, the value was raised to 29, 3
level. This change was tested to be significant (p<.05). Therefore, inquiry-based science
activities influenced the utilization frequency of the inquiry strategies to some degree.
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Table 1. T-Test Results for the Science Process Skills and Inquiry Strategies Subscales in S&S

Subscales MUF Std P
Skills- pre 16,13 1,66 ,001
Skills- post 18,16 1,17

Strategies- pre 25,68 4,41 ,000
Strategies- post 29,03 3,27

MUF: Means of utilization frequencies

Further descriptive analysis was administered to investigate the item-wise change
among science process skills. Percentages of the reported utilization frequencies of the
science process skills were happened to be raised between pre and post instruction as seen in
table 2. The investigation was advanced to a point that there might have been some skills
which were challenging and actually proportioned least in comparison to the changes in
others. At the pre-instruction, the participants were challenged with the skills of
“measurement”, “interpretation”, “hypothesis construction” and “identifying and testing
variables”. The post-instruction values depicted that the difficulties with the skills
“measurement” and “variable identification and testing” were still exist to some degree.
Overall, the changes were observed for the skills upon the regular inclusion of skills in
inquiry-based science activities in the course.

Table 2. Pre-Post Percentages of Science Process Skills in S&S-Scale.

Item Pre Post
Least (%) Often (%) Least (%) Often (%)

1(Observation) 16,8 83,2 4,2 95,8
2 (Measurement) 454 54,6 31,9 68,1
3 (Data Recording) 39,5 60,5 21,8 78,2
4 (Data Interpretation) 52,9 47,1 20,2 79,8
5 (Classifying) 37,8 62,2 17,6 82,4
6 (Comparison) 20,2 79,8 1,7 98,3
7 (Making Estimate) 24,4 75,6 10,1 89,9
8 (Making Hypothesis) 70,6 29,4 33,6 66,4
9 (Identifying and Testing Variables) 58,0 42,0 42,9 57,1
10(Making Inferences) 24,6 74,6 2,5 97,5

Table 3. T-Test Results for the Pre-Post Values of Utilization of Science Process Skills.

Item Pre Post p

1(Observation) 1,83 1,95 ,004
2 (Measurement) 1,55 1,68 ,032
3 (Data Recording) 1,60 1,78 ,003
4 (Data Interpretation) 1,47 1,79 ,000
5 (Classifying) 1,61 1,82 ,001
6 (Comparison) 1,80 1,98 ,000
7 (Making Estimate) 1,75 1,90 ,003
8 (Making Hypothesis) 1,29 1,66 ,000
9 (Identifying and Testing Variables) 1,41 1,56 ,022
10(Making Inferences) 1,78 1,97 ,000

The mean values of the pre and post instruction utilization frequencies of the each skill
by participants were analyzed to test for any significant change before and after the
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instruction in the study. The t-test results presented in table 3 indicate that the utilization
frequencies of the skills by the participants were changed significantly during the instruction
of inquiry based science activities (p<.05).

The percentages of the utilization frequency of the inquiry strategies at the pre and post
instructions were investigated descriptively to anticipate the ones which might be difficult or
challenging to the prospective teachers before and after the instruction. Table 4 displays that
the raises in the percentages of the use of inquiry strategies by the participants were incident
following the instruction. Some of the strategies were reported to be used extensively at the
end of the instruction. These are “discovery of phenomenon by observation and

2 C¢

experimentation”, “benefiting from scientific sources”, “explaining a situation with scientific
reasons”, “ not refusing a different idea or knowledge conflicting with the existing belief or
idea”, “revealing similarities and differences between existing ideas and observed
phenomena”, “trying to produce scientific explanation for a daily life event”. Moreover, at
the end of the study none of the participants mentioned the investigation of observed events
with the approach of “not appealing to scientific reasoning”. Similarly, at the end of the
study, the teachers were not to be readily to refuse a situation just because of the fact that it
conflicts with what he or she knows or believes. A peak-like rise in the awareness to use such
strategies shows that inquiry-based instruction of science activities help the teachers in

adopting and addressing them during learning cases.

Table 4. Mean Values of Utilization Frequencies of Inquiry Strategies

None Seldom Sometimes Often Always

Strategy Pre Post Pre Post Pre Post Pre Post Pre Post
11 4,2 1,7 26,1 11,8 33,6 29,4 25,2 42,0 10,9 15,1
12 34 19,3 1,7 35,3 47,1 31,1 43,7 10,9 7,6

13 2,5 16,8 46,2 47,1 25,2 38,7 9,2 14,3
14 51 19,5 23,7 36,1 29,7 420 22,0 21,8
15 127 76 26,3 16,0 35,6 34,5 17,8 25,2 7,6 16,8
16 59 10,9 37,0 31,9 31,9 51,3 14,3 16,8
17 0,8 10,9 454 32,8 294 471 13,4 20,2
18 4,2 1,7 21,7 17,9 42,0 36,8 18,5 359 7,6 7,7

Table 5. T-test Results for the Pre and Post Instruction Utilization Frequencies of Inquiry

Item Pre Post p

11 3,12 3,57 ,001
12 3,26 3,57 ,006
13 3,21 3,67 ,000
14 3,44 3,85 ,001
15 2,81 3,27 ,002
16 3,37 3,84 ,000
17 3,43 3,87 ,000
18 2,95 3,29 ,007

The strategies used by the participants to conduct inquiry at the pre and post instruction
levels were compared with t-test for dependent groups to reveal the access levels succeeded
by the prospective teachers during the inquiry-based learning of science activities. Table 5
displays that the utilization frequencies of the strategies by the participants to conduct inquiry
changed significantly between the pre and post instruction levels (p<.05). This shows that
inquiry based science activities helped the teachers to adopt and employ these strategies.
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Table 6. Pre-Post Test Correlation Results for the Utilization of Inquiry

Pre-Instruction

Item 12 12 14 15 16 17 18

11 ,255* | 216*%* 048 -,038 ,221%*%  492**
12 ,283**  279** 091 ,163* A71* ,294**
13 ,157* ,090 273*%*  317**  385**
14 ,175*  159* ,252** 106
15 ,162 ,196* ,083
16 ,375** |159*
17 ,215
Post-Instruction

11 ,330*  ,262**  -,008 ,103 ,130 ,109 ,334**
12 ,401%*  285*%* 075 ,212% 121 ,251**
13 ,208* ,028 ,314%*  299**  A35**
14 ,257*  191* ,183* ,034
15 ,099 A71* ,072
16 A441** 189*
17 ,251**

During the study of science activities, inquiry strategies are needed to be employed as a
whole rather than as a single. Therefore, correlation investigation of the utilization
frequencies of the strategies was conducted at the pre and post instruction levels. Table 6
showed that significant correlations exist among the strategies 21, 22, 23, 27 and 27 at the pre
and post instruction (p <.05). Correlations were detected among some strategies at the pre
and post instructions showing that the strategies were employed mutually by the participants.
The strategy 21 (I try to discover natural events and phenomena through observation and
experimentation) was correlated with 22, 23 and 28 at the pre and post instruction. The
strategy 22 (I try to discover natural events and phenomena through scientific sources) was
correlated with strategies 23, 24 and 28 at the pre and post instruction. Strategy 23 was
correlated with strategies 24, 26, 27, and 28 at the pre and post instructions. Strategy 25 was
correlated with strategy 26 at the pre and post instruction. Strategy 26 was correlated with
strategies 27 and 28 at the pre and post instructions. The prospective teachers reported that
they seemed to start using some strategies at the post-instruction level. Strategy 27 was
correlated with the strategy 28 only at the post instruction level. Correlations exist at the pre
instructional level seemed to be vanishing at the post instructional level. Strategies 21 and 22
both were correlated with strategy 27 at the pre-instruction level. No new correlation was
detected at the post-instruction which was not seen at the pre-instruction level. Rather than
the emergence of decaying correlations through the inquiry based activities from pre to post
instruction, the overall correlation results seemed to provide strength into that the prospective
teachers used them in a holistic way.

The prospective teachers’ responses to the SS-test were analyzed to find out any
changes between pre and post instruction. For this purpose, a t-test for dependent groups was
conducted to compare the responses to the multiple choice test items. The table 7 shows for
the pre and post-instruction levels that the means scores were 14, 72 and 18,01 respectively
out of a maximum possible score of 30. T-test analysis revealed that the change in the mean
score is significant (p<.05). The access levels to the science process skills achieved by the
participants were actually changed significantly before and after the inquiry-based science
activities. During the instruction, the teachers were not taught explicitly on how to solve any
science process skill questions. However, the effective change in the scores was followed
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upon the inquiry-based science activities providing the instances of identification and practice
of science process skills.

Table 7. T-Test Results for Pre and Post Instruction Results of Science Process Skill Test

Mean N Std. p
Pre 14,72 77 3,28 0,000
Post 18,01 77 4,14

Table 8. Pre and Post Test Percentages of the Responses Given Some Items in the SS-Test

Test Items Pre Post
Correct Incorrect Correct Incorrect
% % % %
3 (Measurement) 30,9 69,1 80,9 19,1
4 (Observation) 59,0 41,0 78,7 21,3
6 (Identifying and Testing Variables) 72,7 27,3 75,2 24,8
7 (Estimation) 48,9 51,1 53,9 46,1
10 (Making a Conclusion) 36,0 64,0 70,2 29,8
15 (Making Hypothesis) 61,2 38,8 86,5 135
19 (Data Interpretation) 27,3 72,7 48,9 51,1

Table 9. T-Test Results of Some Items in the SS-Test

Pre Post p
3 (Measurement) 0,30 0,80 ,000
4 (Observation) 0,58 0,79 ,000
6 (Identifying and Testing Variables) 0,27 0,74 ,000
7 (Estimation) 0,48 0,53 ,380
10 (Making a Conclusion) 0,35 0,70 ,000
15 (Making Hypothesis) 0,64 0,85 ,000
19 (Data Interpretation) 0,61 0,86 ,000
3 (Measurement) 0,27 0,85 ,000

A further analysis was conducted to establish the relation between the instruction and
the participants’ responses to the SS-test. For this purpose, the responses to certain items of
the test in congruence with the science process skills of measurement, observation, identifying
and testing variables, estimate, making a conclusion, making a hypothesis, and interpreting
results were selected and then responses to these items were compared at the pre and post
instruction levels. Table 8 shows that the responses were mostly incorrect at the pre-
instruction level for items 3, 7, 10 and 19. On the contrary, the responses to these items were
mostly correct at the post-instruction level. The change might be taken as a support to
establish an influence of inquiry-based science activities on the test results. The pre and post
instruction response to items 6 “identifying and testing variables” were changed least during
the instruction. The participants were still challenged with the items 7 and 19 related to the
skills of making predictions and conclusions, the substantial part of the responses these two
items were incorrect even after the instruction. For all seven items congruent with the science
process skills, an item-wise analysis was conducted to investigate the occurrence of
significant individual changes. The results displayed in table 9 illustrate that the significant
changes (p <.05) were occurred for the items except item 7 “making predictions”.
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DISCUSSION

The data based on the results was discussed to answer the changes and relations
between the prospective elementary teachers’ use of the skills and strategies upon the inquiry-
based science activities on these variables. The current study was driven by the fact that
science process skills and inquiry strategies are mutual and necessary to be excelled to reach
any knowledge with observation.

The pre-instruction application of BSB-scale and BSB-test showed that the teachers did
not use science process skills so often. Particularly, the skills of measurement, interpreting
data, hypothesis, identifying and testing variables, making estimate and conclusions were the
ones by which the teachers struggled to utilize during the events of daily life and in-class. In
case of utilization of inquiry strategies at the pre-instruction level, the teachers were
determined to not to take a critical or skeptical approach as a guideline to compare and
contrast the already known with the witnessed phenomena at hand. Particularly, the strategies
the teachers’ use of them were limited are related to discovering facts with observation and
experimentation, producing explanations on a scientific base, and explaining daily life events
with science. This result is corresponding with the fact articulated by Koksal and Berberoglu
(2014) that the science teachers in Turkey lack the training to practice inquiry abilities.
Similarly, the studies by Melville and Bartley (2010), Lin, Hong, Yang and Lee (2013)
showed that teachers of science were need of professional training and support to overcome
the drawbacks caused by lack of practices on inquiry learning and teaching. Salient factors
which could explain the teachers” low level implementation of inquiry strategies are
ineffective learning environment where inquiry practices are conducted (Hofstein, Nahum &
Shore, 2001; Liu & Treagust, 2005), and cultural and social beliefs which shape educational
attitude and interest (Dkeidek, Mamlok-Naaman & Hofstein, 2012; Roehrig & Kruse, 2005).

This study found that the teachers’ use of science process skills and inquiry strategies
were frequent at post-instruction level. The changes could be influenced by techniques
adopted and enforced in the inquiry-based science activities planned and conducted by the
teacher candidates. They were guided by the researchers particularly to include science
process skills. The peers following the activities were cautioned to be elaborative and
meticulous and therefore critical and skeptical on what they were witnessing in the class. The
prospective teachers need guidance and special courses specifically on what and how to be a
critique and skeptic of their own experiences (Dkeidek, Mamlok-Naaman & Hofstein, 2012).

The skills which seemed to be not improved enough during the instruction are related to
interpreting the data, making predictions and making conclusions. These skills may require
more active involvement as doers rather than a role of an audience as an observer. Similarly,
the teachers were still refusal of explanations for situations which conflicts with existing
knowledge, or belief. The teachers might be need of more cases of observation and
experimenting because of the strength of accommodated unscientific ideas and beliefs.
Teachers may be involved in inquiry practices as an apprentice and therefore obtain the
chances to acquire the skills and strategies by observing other at work (Groendijk & Bandura,
2013). The study shows that only being in the vicinity of a science activity as an observer is
not enough to excel in practicing inquiry teaching and learning. Brown et al (2006) cautioned
for the fact that science teaching at university level, even though the instructors were eager to
teach science course with inquiry approach, because of the limitations of time and sources the
plans were usually been tailored. Such barriers and forced adaptations of inquiry practices in
the teacher education programs might lead to the lack of abilities to learn science and the need
for courses to teach teachers how to design, develop and improve science activities (Song &
Schwarz, 2013). Education faculties on teacher education must consider a continuum of
courses which enforce prospective teachers to personalize inquiry learning through.
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Any strategy as a key to do inquiry cannot be singled out from a variety ones but on the
contrary numerous strategies can be needed to excel the inquiry approach. Coordination and
integrity among the inquiry strategies shows that variety of cognitive tools is being actually
employed to seek and discover. However, intricate and complicated nature of inquiry
practices prevents the implementation of each strategy during learning and as well as teaching
science (Marshall, Horton, Igo & Switzer, 2009; Puntambekar, Stylianou & Goolstein, 2007).
While at the pre-instruction level the multiple use of strategies were self-reported among the
prospective teachers, the inquiry-based science activities seemed to strengthen the integrity of
the inquiry strategies at the post instruction level. However, further studies are recommended
on the wholeness of utilization of strategies by learners.

CONCLUSION

Inquiry based science teaching has been planned to be a curricular target at national
level in Turkey (MEB, 2013). The quality of science education and the abilities the teachers
of science were equipped with have been issues of widespread discussions. The barriers and
limitations the teachers face when they intend to conduct inquiry teaching are needed to be
emerged. Upon the emergence of such difficulties, the valid and reliable models of
professional training and instructional materials can be foreseen for in-service and prospective
teachers. One of many hypothetical questions on the practice of inquiry based science
teaching, this study was interested in one to answer the status and change in prospective
elementary teachers’ use of science process skills and inquiry strategies during the inquiry-
based science activities. This study also offers a model for inquiry teaching in the teacher
education in science courses. New and genuine models need to be brought before the science
education community and must be tested. Studies are also required to investigate thoroughly
the preparation of the teachers of science at the education departments. Teacher education is
the place where attention must be paid and efforts must be focused to obviate further
problems. This study also recommends the longitudinal studies along with data in qualitative
nature to elaborate on teachers’ use of skills and strategies in science classes.
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ABSTRACT

The aim of this study is to explore the problems encountered while teaching force and motion unit in 8"
grade science and technology course from teachers’ perspectives and offer solutions to eliminate these
problems. The study was conducted with 248 science and technology teachers working in 7 regions in
Turkey in 2012-2013 academic year. Descriptive method was used in the research. The data of the
research was obtained with a questionnaire developed by the researchers. Content analysis, arithmetic
mean, and standard deviation were used for the analysis of the data. The teachers stated that the problems
and solutions in force and motion unit in science and technology course depending on time, text book and
work book, lack of connection to daily life, feature of the unit, students and implementations were
examined. As a result of the study the teachers justified that abstract and complicated subject, lack of
equipment and tools, and students’ not being able to use scientific process skills adequately were the
problems in force and motion unit in science and technology course. To solve the problems, the teachers
suggested that course hours should be increased, labs should be improved, more equipment and tools
should be provided and teachers should give more opportunities to the students to do more activities, link
the subjects to daily life and materialise them, use technology (video, flash, presentations, sides and so
on) in their classes, solve more problems about the topic and the number of activities in workbook should
be increased.

Keywords: Science Education; Force and Motion Unit; Problems and Suggestions for Solutions.

INTRODUCTION

Constructivist approach, opposed to learning, has been affecting the national and
international education and training over the last decades (Cole, 1997; Malik & Khurshed,
2011). Educators and researchers who are all in substantial agreement about constructivism
state that it presents an approach which enables to activate the learner. This approach is based
on the belief that learners interact with the outer world based on their existing experiences and
learners are the makers of meaning and knowledge.
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Constructivism simply must not be perceived as a transfer of knowledge to one’s mind
from the outer world (Bodner, 1986; Driver, Asoko, Leach, Mortimer & Scott, 1994). Merrill
(1991) draws attention on the following qualities constructivism:

1. Knowledge is constructed from experiences.

2. Learning is an individual interpretation of the world.

3. Learning is an active process relying on experiences.

4. Conceptual understanding results from the individuals’ altering their perceptions.

5. Learning can be contextualized in real life environments.

Following the introduction of the positive effects of constructivist approach on student’s
learning and development in many ways, countries compete with reach other to implement
constructivism in their education programs. Turkey is one of the countries which tries to
integrate constructivism in its education programs. Turkey has made changes in its education
programs via Ministry of National Education (MNE), an institution responsible for the
educational policy of the country. In 2004, all the education programs were reorganised
according to constructivist approach, MNE started piloting between 2004 and 2005 and they
ensured that education programs scattered country-wide between 2005 and 2006 (Cetin &
Glinay, 2006; Cengiz, Uzoglu & Dasdemir, 2012).

Science and technology education program is one of the programs reorganized
according to constructivist approach. The main goal of science program is to enable all
individuals to become scientifically literate (MNE, 2006). Scientific literacy has become a
necessity for all the individuals of the society in the world filled with products of scientist
research. Human beings feel the need to use scientific knowledge to make choices to meet
their needs emerging almost in every stage of their lives and to participate in the public talks
and discussions about important issues involving science and technology (National Research
Council, 1996). Scientific literacy is defined as “the integration of skills, attitudes, values,
understanding, and the knowledge about science required for individuals to develop skills
for examination- inquiry, critical thinking, problem solution and decision making , engaging
in life long learning, and sustaining their curiosity about their environments and the world”
(Ministry of National Education, 2006). According to Norris and Phillips (2003), scientific
literacy is understood in two related but different ways. The first one means the ability to read
and write and the second one means knowledgeability, learning and education. Hand, Prain,
Lawrence & Yore (1999) believe that scientific literacy requires to convince emotional
tendencies and skills to construct scientific understanding, interaction to give information
about the big ideas of science to others and students to learn the actions given information
about. A scientifically literate person understands the nature of science and scientific
knowledge, basic science concepts, principals, laws and theories and uses them in appropriate
ways; uses scientific process skills while solving problems and making decisions; understands
the interaction between science, technology, society and environment; develops scientific and
technical psychomotor skills and shows that he has scientific attitudes and values (MNE,
2006).

Science and technology course is the course where students can gain scientific literacy,
a very important concept, in schools. It was already stated that the main purpose of science
and technology course is to train all the individuals as scientifically literate. Science and
technology curriculum renewed in 2005 was composed of learning areas and the related units
to these areas. The learning areas in 4™, 5" 6™ and 7™ grades were identified as living beings
and life, physical phenomenon, matter and change, the Earth and universe. The units and the
topics in the units related to each learning areas beginning from 4™ grade to 8" grade are tried
to be taught in a spiral process (Cepni, Ekiz, Ayas & Akyildiz, 2010; MNE, 2010).

It is a known fact that there are difficulties encountered in science and technology
course, where scientific literacy is attempted to be acquired. Both national and international
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indicators reveal that science education in Turkey is inadequate when compared to other
countries (Ozden, 2007). Especially national and international examinations such as TIMSS,
PISA and SBS (a national standardized test) have revealed the failure of primary school
students in science education (Cengiz, Uzoglu & Dasdemir, 2012).

Although there has been generally a growing increase in understanding of science and
technology course and student success in the course with the recent changes in curriculum,
this increase is not at a desired level. However, the students’ negative attitudes still continue
and their success levels are quite low (Unal & Ergin, 2006; Avci, 2006). When literature is
analysed, many studies conducted about the implementation of the new curriculum and the
problems encountered draw attention (Riess, 2000; Unal & Ergin, 2006; Avci, 2006;
Ozdemir, 2006; Ozden, 2007; Yangin, 2007; Sengiil, Cetin & Giir, 2008; Giiven, 2008; Aydin
& Cakiroglu, 2010; Dogan, 2010; Kiiglikoner, 2011; Cengiz, Uzoglu & Dasdemir, 2012;
Geger & Ozel, 2012).

Geger & Ozel (2012) in their study identified the problems encountered in science and
technology course such as crowded classrooms, inadequate laboratory and equipment and
tools, lack of time, using blackboards and textbook to teach the course. Cengiz, Uzoglu &
Dasdemir (2012) revealed that teachers indicated the following points for the failure in
science and technology course: lack of time for implementation of activities, broad subjects,
parents’ lack of interest in students’ studies, teachers’ not familiarizing with the curriculum,
students’ not having opportunities to practise the activities one on one, and not taking into
consideration the level of students adequately. Moreover, they suggested that most teachers
stated their problems while teaching science subjects related to mathematics and abstract
subjects. Kiiclikoner (2011) conducted a study to explore the difficulties encountered while
implementing science and technology curriculum and offer solutions for the problems
expressed by the teachers and indicated that the problems arose due to providing equipment
and tools and the content of the curriculum. Dogan (2010) stated that the teachers indicated
the following points as very important problems: parents’ lack of interest in students’ studies,
the identification of the subjects by the Ministry of National Education, lack of time,
crowded classrooms, inadequate physical conditions of laboratory, classrooms and libraries.

Aydin & Cakiroglu (2010) pointed to crowded classrooms and inadequate in-Service
training and Giiven (2008) detected lack of equipment and tools and course hours. On the
other hand, Sengiil, Cetin & Giir (2008) stated that graduating from different departments
(physics, chemistry, biology) affected education negatively, and teachers faced problems with
completing the curriculum on time, doing laboratory work, and doing evaluation. Ozden
(2007) identified the main problems in science and technology education as lack of teachers
who are actively responsible for developing curriculum, inadequate training of teachers about
the program during the transition process, crowded classrooms, training students for the
exams, lack of connection with the other lessons, and inadequate physical conditions of the
school. Yangin (2007) in his study classified the most important problems while teaching
science and technology subjects as lack of teaching materials, a large number of students and
lack of physical conditions of the classrooms, and teachers’ lack of knowledge about
curriculum. Ozdemir (2006) grouped the problems the teachers faced while teaching the
course in his study: problems with students, textbooks, student’ parents, teachers’
themselves, curriculum, physical conditions and equipment. Riess (2000) defined the
following as important problems in his study: science and technology curriculum’s ignoring
the development of science history and philosophy, and lack of student motivation and
interest in the subject. On the other hand, suggestions have been made in literature to solve
the problems encountered while teaching science and technology course (Yilmaz & Morgil,
1992; Ozdemir, 2006; Ozden, 2007; Sengiil, Cetin & Giir, 2008; Dogan, 2010; Kiiciikéner,
2011; Geger & Ozel, 2012; Cengiz, Uzoglu & Dasdemir, 2012). Kiiciikdner (2011) suggested
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that the activities done to reach learning outcomes should be connected to daily life, in-
service training based on practise should be offered to the teachers, class size should be
adapted to implement the renewed curriculum and guide books consisting of evaluation
criteria and concrete assessment and evaluation applications should be developed. Dogan
(2010) emphasized that there are not many subject and they are precise and simplified, parents
are involved in education and training process, class size (the number of students) is reduced,
laboratory, equipment and tools are supplied, and the physical conditions of the school is
improved. Yilmaz and Morgil (1992) in their study suggested a decrease in number of
students, training qualified teachers, and equipment and tools’ being compatible with the
curriculum. Ozdemir (2006) recommended that the number of students should be decreased
in crowded classrooms, teachers should be valued both financially and spiritually, adequate
equipment and tools should be supplied, cooperation between school and family should be
established, libraries should be developed, and the laboratory facilities should be improved
and experiments should be carried out. Sengiil, Cetin & Giir (2008) asserted that science and
technology courses must be taught by science and technology teachers, not by teachers who
graduated from different departments and drew attention by adding that teachers use portfolio
and projects in evaluation and follow the new technologic developments. Geger & Ozel
(2012) stated that textbooks should be simplified because of time constraints, computer labs
should be established, centres should be set for choosing, repairing, and using laboratory
equipment and tools. Cengiz, Uzoglu & Dasdemir (2012) stated the importance of visual
lessons, providing cooperation of student’s parents and training teachers with methods and
techniques. Ozden (2007) suggested the following as precautions to be taken to solve the
problems: decrease in class size, not evaluating success with only examinations, and
improving education system.

The problems in science and technology education will hinder students’ critical
thinking, curiosity, creativity and attitudes towards nature (Ozden, 2007). Therefore, many
studies have been conducted to reveal how to deal with learning difficulties in science and
technology courses. When the studies conducted were analysed, it was found that all the
studies attempted to explore the general problems and their solutions. When detecting the
problems in curriculum, units were not encountered. Therefore, the problems and the
solutions related to science education will be attempted to be studied on unit basis in this
study. It is a known fact that both students and teachers have difficulty in learning and
teaching the 8" grade force and motion unit from physical phenomenon field. Thus, after the
views of teachers working in seven regions of Turkey are received via questionnaire
developed for this study, the problems and the suggestions for solutions related to force and
motion unit will be determined. The following research questions were sought answers in the
study:

1. What do science and technology teachers consider as problems while teaching force
and motion unit depending on time, textbook, not being able to connect it to daily life,
features of subjects, students and implementation?

2. What do science and technology teachers suggest for the solution of problems in
force and motion unit?

METHODOLOGY

a) Research model

Descriptive method was used in the study. This method is used to illuminate a
phenomenon, to make evaluations in line with the standards and to reveal the possible
relations between the events. In such research the main purpose is to identify and define the
phenomenon investigated (Cepni, 2007). This method was used in the study to explore and
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identify the problems which science and technology teachers encounter within the context of
“Force and Motion” unit included in the 8" grade “Physical Phenomenon” learning field.

b) Population

Snowball sampling, one of the non-probability sampling techniques, was used for the
selection of the population (Tanriogen, 2009). Within this context, each science and
technology teacher chosen from 49 cities randomly out of 7 regions was contacted and the
other science and technology teachers recommended by them were included in the study.
The population of the research composed of teachers chosen across Turkey in 2012-2013
education year. The data of the research were collected from 248 science and technology
teachers, 127 males and 121 females, chosen in 49 cities out 81 cities. The distribution of
science and technology teachers participating in the study by cities and regions (shown in
black) was given below.

Table 1. Distribution of the population

Regions Number  Number of
of cities teachers

Marmara 7 33
Aegean 5 19
Mediterranean 5 43
Central Anatolia 9 28
Black sea 6 45
Eastern Anatolia 12 54
South eastern Anatolia 5 26

TOTAL 49 248

Figure 1. Distribution of the cities where the
study was carried out

c) Data Collection Tools
The following steps were involved during data collection process.

1. Interviews were carried out by randomly selected two in-service science and technology
teachers who taught primary education science and technology courses and the problems
encountered while teaching “Force and Motion” were presented. The teachers who were
interviewed were asked what kind of problems they had encountered while teaching force and
motion unit and in the light of the responses, the questionnaire form was divided into 6
headings with the help of the experts from the field (Table 3).

2. Questionnaire form was developed to explore the problems encountered while teaching 8"
grade “Force and Motion” unit. Content validity was tried to be obtained by receiving the
opinions of experts from two fields, one in-service science and technology teacher and one
language expert for each questionnaire form.

3. The questionnaire form developed by the researchers consists of demographic information,
total 34 items using a five point Likert type scale on a continuum from strongly agree to
strongly disagree and 3 open ended questions. The interval width the Likert type scale was
computed with a formula (a= range width / number of groups) and the choices and borders of
the range were formed in the scale composed.
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Table 2. Score Interval of Measurement Tool

Rating Choices Border
5 Strongly agree 4.21-5.00
4 Agree 3.41-4.20
3 Don’t know 2.61- 3.40
2 Disagree 1.81-2.60
1 Strongly disagree 1.00- 1.80

4. The distribution of items in Likert-type measurement scale according to the titles were
shown in Table 3.

Table 3. Distribution of Questionnaire items

Sections in the Questionnaire Number of items
1. Problems about time 3
2. Problems about textbook and workbook 6
3. Problems about connection to daily life 4
4. Problems about the features of the subject 1
5. Problems about students 15
6. Problems about implementation 5
TOTAL 34

d) Data Analysis

Arithmetic mean ( X ) and standard deviation, descriptive statistical methods, were used
for the statistical analysis of the qualitative data gathered to seek answers for the sub-
problems within the context of the general purpose of the research. The data related to
numerical developments were tabularised and interpreted. The data obtained from the open
ended questions were analysed via content analysis. The main purpose of content analysis is
to gain concepts and relations which can explain the data gathered. The data gathered are first
conceptualised, organized logically and the themes which define the data were identified.
Content analysis involves the following order: coding of the data, organising codes, defining
themes, and themes and identifying findings and interpreting (Yildirnm & Simsek, 2004).
Within this framework, the data obtained from the teachers were coded by two researchers
and themes were composed by taking into consideration their common features. Within this
framework, the first stage is coding of data and in this stage, two researchers examined the
responses given to the open ended questions in the questionnaire and they coded them by
dividing them into meaningful sections. In the second stage, common aspects were found by
gathering the codes and the themes were composed. In the third stage, the data were
organized according to the themes revealed and in the last stage, the data were tabulated and
interpreted. After the operations which were performed by two experts separately, the
analyses of two experts were compared and the points where they had reached consensus and
where they had divergent point of views were identified. The internal consistency reliability
of the research (Reliability: Consensus view/ Consensus view + Divergent views) was
calculated. As a result of calculation, it was found that there was a 88% agreement.

Tables were composed to understand the themes and their frequency distributions were
given. Below the tables were given the teachers’ statements which express their opinions
without making any changes.

FINDINGS

The problems science and technology teachers encountered while teaching 8" grade
science unit called “Force and Motion” were examined and they were presented in Table 4.
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Table 4. Arithmetic Mean Distribution of Problems Encountered While Teaching 8" Grade Force and

Motion Unit
A. Time Oriented Problems X Ss X t
1. Time given for ""Buoyant Force™ is not sufficient. 3.98 1.027
2. Time given for ""Why do some objects float? is not sufficient. 364 1147 371
3. Time given for "Pressure” is not sufficient. 352 1179
B. Textbook and Workbook Oriented Problems
1. Examples and activities in the textbook are not sufficient for **Ascending force". 3.98 0.979
5 ﬁ)égrt];;')lles and activities in the textbook are not sufficient for ""Why do some object 382 1.051
3. Examples and activities in the textbook are not sufficient for "Pressure”. 3.68 1.087 376
4. Examples and activities in the workbook are not sufficient for "Ascending force™. 3.82 1.015 '
5 ﬁ)(;g;r;[')lles and activities in the workbook are not sufficient for ""Why do some objects 370 1124
6. Examples and activities in the workbook are not sufficient for "Pressure”. 3.58 1.153
C. Problems Oriented with connection To Daily Life
1.  Examples of force and motion in 4™ and 5™ grade cannot be connected to daily life. 3.06 0.930
2. Examples of force and motion in 6™ grade cannot be connected to daily life. 2.89 1.122
3. Examples of force and motion in 7" grade cannot connected be related to daily life. 291 1.129 2.9
4.  Examples of force and motion in 8" grade cannot be connected to daily life. 2.96 1.137
D. Problems Oriented with the Features of the Unit
Because force and motion units are abstract, students have difficulty in connectin
1 them to the concepts. ! Y410 0.841 4.10
E. Student Oriented Problems
1.  Students’ lack of knowledge about concepts in force and motion unit.
la. Students lack knowledge about liquids subject. 3.72 0.984 384
1b. Students lack knowledge about gas subject. 3.74 1.009 '
1c. Students lack knowledge about mass, volume and density.. 4.06 0.941
2 Students’ various misconceptions about concepts in force and motion unit
" according to teachers.
2a. Students have misconceptions about mass and weight. 4.15 0.976
2b. Students have misconceptions about volume and weight. 3.42 1.260
2c. Students have misconceptions about the force of gravity acting on objects in the
liquid., 3.45 1.078
2d. Students have misconceptions that buoyant force acting on the object has more 3.76
weight than the weight of the object. 3.78 1.038
2e. Students have misconceptions about liquid pressure depending on amount of the 381 1034
liquid. ' '
2f. Students have misconceptions that the diameter of the tube is important in
Torricelli experiment. 3.60 1.016
2g.Students have misconceptions that objects sink due to their weight. 4.15 0.841
3 Students cannot use scientific process skills adequately with the activities in force
" and motion unit.
3a. Students have difficulty with mathematical calculations. 4.42 0.791
3b. Students have difficulty with comparing process. 4.06 0.885 4.06
3c. Students have difficulty with doing the measurements related to experiments. 3.91 0.904
3d. Students have difficulty with interpreting and inferring process. 4.08 0.895
3e. Students have difficulty with recording data properly process. 3.85 0.929
F. Problems oriented with Implementation
Within the context of the unit, activities cannot be done properly due to lack of 397 0675 3.97

equipment and tools.

When Table 4 is analysed, it is found that the most common problem science and
technology teachers encountered while teaching 8" grade science unit called “Force and

Motion” was due to the features of this unit ( X =4.10). Because the subjects were abstract,
the teachers stated that the students had difficulties in connecting them to the concepts. The
second biggest problem the teachers encountered was that the students could not use scientific

process skills adequately in the activities of the unit ( X =4.06). Within this framework, the
teachers stated that the students had great difficulty in mathematical calculations ( X =4.42),
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interpreting and inferring ( X =4.08), and comparing ( X = 4.06) processes. In addition, due
to lack of equipment and tools, the teachers stated that they could not adequately do the
activities (X =3.97). The other problems the teachers encountered were lack of student
knowledge about the concepts in force and motion unit ( X =3.84) and their misconceptions
(X =3.76), lack of examples and activities in the textbook and workbook ( X =3.76) and lack
of course hours ( X =3.71), respectively. The least important problem teachers encountered
was that the students could not make the link between the examples about force and motion
and daily life ( X =2.96).

The distribution of the problems science and technology teachers encountered while
teaching gt grade science unit called “Force and Motion” in terms of teachers’ gender,
graduation, and years of experience was examined and presented in Table 5.

Table 5. The distribution of the problems science and technology teachers encountered while teaching
8" grade science unit called “Force and Motion” in terms of teachers’ gender, graduation,
and years of experience

Graduation Years of Teaching
Gender .
Experience
2 o £ 8 2
o 0 3 > @ 5 8 o 2 5

Problems e Eole~ E_ S _ 25 S%s o 9_ €8 _

S8 3958 68 88 32 f2 38 98 9§83
1. Lack of course hour s 372 370 | 345 373 413 369 | 365 388 372 3.68
2. lack of activities and examples in
the textbook and workbook 378 374 |38 351 419 373|375 387 380 3.66
ﬁ'f:"’t connecting subjects to daily | 341 599 | 348 306 340 284 | 272 301 308 329
;‘ubjeggs”w and  complicated | 5 o5 493 | 387 408 435 410 | 420 402 420 3.94
5. Lack of knowledge in students 382 386 | 356 365 380 390|396 388 396 352
6. Some misconceptions with | 5,5 374 380 382 368 376 378 392 379 358
students
7. Students” not being able to use |11 401 | 387 388 300 413 408 424 409 388
scientific process skills adequately
8. Not being able to do the
activities due to lack of equipment | 3.98 397 | 397 393 391 398 | 403 408 385 384
and tools

When Table 5 was analysed, the most frequently encountered problems by female
teachers were complicated and abstract subjects ( X =4.23), students’ not being able to use
scientific process skills adequately (X =4.01) and not being able to do the activities due to
lack of equipment and tools ( X =3.97). The most frequently encountered problems by male
teachers were students’ not being able to use scientific process skills adequately ( X = 4.11),
complicated and abstract subjects ( X =3.98) and not being able to do the activities due to lack

of equipment and tools ( X =3.98). It was found that both the female and male science and
technology teachers suffered from the same difficulties during teaching. It was revealed that

the least important problem both the female (X =2.90) and male ( X =3.01) science and
technology teachers had while teaching the unit was that subjects were not linked to daily life.

When the teachers’ graduation from the departments is taken into consideration,
different findings draw attention. It was determined that the teachers who graduated from
physics had fewer problems than the other teachers who graduated from different departments
while teaching the unit. The teachers who were physics graduates mostly complained that
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they could not adequately do the activities due to lack of equipment and tools ( X =3,97). The
teachers who were biology graduates draw attention as they encountered a lot of problems.
The teachers who were biology graduates encountered the following problems: complicated
and abstract subjects ( X =4.35), lack of examples and activities in the textbook and workbook
(X =4.19) and lack of course hours ( X =4.13). The teachers who were chemistry graduates

had mostly problems about complicated and abstract subjects ( X =4.08). It was determined
that the problems encountered by the teachers who are graduates of science teaching
department were mostly students’ not being able to use scientific process skills ( X =4.13),
complicated and abstract subjects ( X =4.10), and not being able to do the activities due to
lack of equipment and tools ( X =3.98). In addition, it was pointed out that the least important
problem all the teachers encountered while teaching the unit was that subjects were not linked
to daily life.

When the problems encountered by the teachers in terms of their years of teaching
experiences were analysed, it was found that experienced teachers with 16 and more years of
teaching experience had encountered the fewest problems. It was found that novice teachers
(1-5 years) complained about complicated and abstract subjects ( X =4.20), students’ not
being able to use scientific process skills ( X =4.08), not being able to do activities due to
lack of equipment and tools ( X =4.03) and lack of student knowledge ( X =3.96). The same
condition was observed with the teachers with teaching experience between 6 and 10 years
and between 11 and 15 years.

The distribution of problems the teachers encountered while teaching 8" grade force
and motion unit in terms of teachers’ region of service was analysed and presented in Table 6.

Table 6. The Distribution of Problems the Teachers Encountered While Teaching 8" Grade force and
Motion Unit in terms of Teachers’ Region of Service

Region of Service
e ,

E § .2 S5 x 52 £5
1. Lack of course hours 360 440 379 352 396 332 380
2. Lack of activities and examples in the textbook and 407 365 384 372 386 356 358
workbook
3. Subject’s not making links with daily life 315 319 315 3.01 280 283 269
4. Abstract and complicated subjects 428 436 391 414 422 388 421
5. Lack of knowledge in students 393 364 379 380 396 377 392
6. Some misconceptions with students 3.75 406 354 362 395 369 391
7. Students’ not being able to use scientific process | 4.08 3.97 3.88 4.12 425 401 413
skills adequately
8. Not being able to do the activities due to lack of | 3.91 4.01 380 3.82 4.15 4.02 4.05
equipment and tools

When the problems encountered by the teachers while teaching the unit in terms of
region of service were analysed, it was determined that the teachers who encountered the most
problems were working in Black sea and Aegean regions and the teachers who encountered
the fewest problems were working in Eastern Anatolia, Mediterranean, and Central Anatolia
regions (Table 6).

The teachers’ views for the solutions of the problems in 8" grade Force and Motion unit
were explored and presented in Table 7.



66 | Journal of Turkish Science Education. 12(1),57-70

Table 7. Frequency distribution of the suggestions made according to teacher views to solve the
problems in 8" grade Force and Motion unit

Suggestions A B C
f f f

Suggestions for course hours

Course hour must be increased 56 34 34

There must be a separate applied course 6 3 3

Suggestions for curriculum
The scope of the subject must be narrowed and science and technology courses must be scattered in 13~ - -
curriculum.
Some concepts (mass, density, volume, weight, force, balanced force, resultant force) must be taught 5 4
at primary education level.
Formulas must be included in curriculum. 2
Subjects must be removed from the curriculum and must be taught in the later years. 2
This subject must be taught in the second term. 3
Science-technology-society-environment gains must be included more about this topic. 1
“Buoyant force and why some objects float” subjects must be replaced. 1
Within the context of the subject, density must be given in a common unit.
Within the context of the subject, volume must be taught under a different title.
Solid pressure must be taught. 1
Buoyant force of the liquid and liquid pressure must be taught in different months. 1
Suggestions for the content of the textbook and workbook
More activities must be included in the textbooks. 11 11 11
Interesting and remarkable knowledge, activities, visuals, and cartoons must be included in the 8 8 11
textbooks.
The examples in the text must be increased and suited to LDE. 9 1
MNE books must be used. 3 3
3 2
2

Supplementary materials must be used due to inadequate textbooks.

Evaluation questions in the textbooks must be appropriate to the students’ level.
Gas pressure in the textbooks must be explained in detail.
The number of activities about combined vessels and U pipes must be increased.
Activities about manometer and barometer must be added.
Suggestions for physical opportunities

Laboratories must be improved and lacking equipment and tools must be supplied. 44 25 23
There must be ready experiment kits about the subjects. 3 3 4
Precision measuring tools must be used (dynamometer, scales.) 1 1
Central laboratories must be established in the cities and towns and must be put into service. 1
Course materials must be easy to reach, cheap and available in the market. 1
Small pools must be built in the school garden. 1
Teachers’ suggestions for in-class implementations

Teachers must provide students more opportunities to do more activities as far as possible 39 30 21
Teachers must link the subjects to daily life and concretize them. 26 15 19
Teachers must use technology (video, flash, presentations, slides..etc) 15 18 22
Teachers must solve many questions about the subjects 19 9 11
Teachers must explain the key points of the subjects without teaching the theoretical subjects much. 16 3
Teachers must use alternative methods and techniques (brainstorming, excursions to science 6 6 4
museum, sea, and lakes) for permanent learning.

Students must be assigned original performance tasks about the subject and teachers must have the 2 8 1
students do additional work.

First level teachers must have the students gain scientific process skills such as doing observation, 3
and reading graphs.

Teachers must explain the subjects in detail. 3
Teachers must be given seminars and practical training about how to teach these subjects 2 1
Teachers must receive help from the trainers in the field. 1 1
Teachers must teach buoyant force and the position of the object in the liquid together 1

Teachers must use different evaluation methods at the end of the course 1
Teachers must help the students to understand the relations between the concepts 1

Student

Students’ operational skills must be developed with mathematics teachers 13 9 10

1
1
i
NNNDNWWN

Students’ readiness level towards a subject must be controlled and their motivation must be 5 3 2
promoted.

Student number must be reduced 5 2 2
Students’ misconceptions must be identified and they must be eliminated. 2 2 2

A. Buoyant force subject B. Subject of Why do some subjects float? C. Pressure subject
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In order to solve the problems encountered while teaching 8™ grade science unit called
“Force and Motion”, %68 of the teachers offered suggestions on the subject of “Buoyant
Force”, %55 on “Why Do Some Objects Float?”, and %48 on “Pressure”. The most important
suggestions offered by the teachers were that due to comprehensive subjects, “course hours
must be increased”, “Laboratories must be improved and lacking equipment and tools must be
supplied” and also “Teachers must provide students with more opportunities to do more
activities as far as possible”. Following the suggestions above, these were given respectively:
“Teachers must link the subjects to daily life and concretize them”, “Teachers must use
technology (video, flash, presentations, slides etc.) in their courses”, “Teachers must solve
many questions about the subjects”, “More activities must be included in the textbooks”,
“Students’ operational skills must be developed with mathematics teachers”, and “Interesting
and remarkable knowledge, activities, visuals, and cartoons must be included in the
textbooks”. In addition to the most frequently mentioned suggestions, it was discovered that
teachers offered interesting suggestions such as “Formula must be included in curriculum”,
“Subjects must be removed from the curriculum and must be taught in the later years”, “MNE
books must be used”, “Central laboratories must be established in the cities and towns and
must be put into service”, and “Small pools must be built in the school garden”.

Some teachers proposed the following suggestions to solve the problems related to
buoyant force.

“This unit must be studied in the 2™ term because when students learn force-motion
unit, they have problems with calculations as they have not learned equation with one
unknown completely in mathematics course” (M7, Mys, Msg, Mgo, Mays, Fas, Fas, F243).

“I suggest that two-hour hands-on training must be added in addition to 4 hour science
course” (Mgg, M1go, M125, M227, Mass, Fag, F110, F115, Fi16).

“Subject must be linked to daily life” ﬂ\/|55, Mes, Mgs, Fss, Fa1s5, F21o).

“More exercises and activities must be included in the textbook” (Mss, Mgg, M103, M122,
Mazs, Faa, Fes, Fr, F10s).

“Formulas must be included in curriculum. It is sometimes difficult to explain the logic
behind some questions without a formula.” (Mg, M3g, M3s, Ma1, Mgz, Mog, M1o1, Fas, Fag,
F110, F118, F116).

Some teachers stated the following suggestions to solve the problems related to why
some objects float.

“There must be more visual things. Textbooks are inadequate” (M7g, Mgg, M1gz, M212,
Moaas, Fao, Fes, Frs, Foa, F102, F234).

“Course hour is inadequate to do activities and solve problems” (Mgg, M101, M112,
M4, Fss, F6, F200).

Some teachers offered the following suggestions to solve the problems related to
pressure.

“Better exemplifications must be provided and enough time must be allocated for the
solution ofthe questions” (M85, Moz, Masg, Moo1, Fsg, F114, F116, F243).

“Pressure, especially gas pressure, is not covered much in the textbook. Supplementary
materials about gas pressure must be developed and told” (Mg, Mas, M7s, M112, Fss, Fi1o,
F11g).

“Simpler and clearer examples must be included in the textbooks” (Mgg, Mio3, Mg,
Miss, Kes, F102, Fa10, F220, Faag).

DISCUSSION, CONCLUSION and IMPLICATIONS

Science and technology teachers stated that students have difficulty in making links
between the concepts because the subjects in “Force and Motion” unit are abstract, they could
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not use scientific process skills (mathematical calculations, interpreting, inferring and
comparing) adequately in these activities and they could not do the activities within the
context of the unit due to lack of equipment and tools. This result indicates a parallelism with
many studies conducted about the problems encountered in science and technology course in
literature (Riess, 2000; Unal & Ergin, 2006; Avci, 2006; Ozdemir, 2006; Ozden, 2007;
Yangin, 2007; Sengiil, Cetin & Gir, 2008; Giiven, 2008; Aydin & Cakiroglu, 2010; Dogan,
2010; Kiigiikoner, 2011; Cengiz, Uzoglu & Dasdemir, 2012; Geger & Ozel, 2012).

Teachers stated that students had lack of knowledge and misconceptions. They also
reported that the least frequently encountered problem was that they could not link the
examples in force and motion unit to daily life. Unlike this study, some studies revealed that
the most common problem encountered was not being able to make links between the course
and daily life (Cengiz, Uzoglu & Dagdemir, 2012).

Science and technology teachers’ views were examined in terms of different variables
and it was reported that the most frequently encountered problems both by female and male
teachers included the complicated and abstract subjects, students’ not being able to use
scientific process skills adequately and not being able to do the activities due to lack of
equipment and tools. It was determined that the least frequently encountered problems both
by female and male teachers included not being able to link subjects to daily life. When the
teachers’ departmental graduations were taken into consideration, different results emerged.
It was found that the teachers who were graduates of Physics department/ teacher education
encountered very few problems while teaching the unit, but the teachers who were graduates
of biology department encountered a lot of problems. This result partially corresponds with
the views of Sengiil, Cetin & Giir (2008) who stated that graduates from different departments
of the university (physics, chemistry, biology) affected teaching negatively. When the
problems teachers encountered due to their years of teaching experience were examined, it
was discovered that the experienced teachers who have been working 16 years or more
encountered the fewest problems. This result is compatible with the studies of Kabakei,
Akbulut & Ozogul (2009) which revealed that experienced teachers had fewer problems.
When the problems teachers encountered due to their region of service were examined, it was
determined that the teachers working in Black Sea and Aegean regions encountered many
problems whereas the teachers working in East Anatolia, Mediterranean, and Central Anatolia
regions did not encounter as many problems as they did.

The main suggestions offered by the teachers to solve these problems included “an
increase in class hours due to complicated subjects”, “improving laboratories and supplying
more equipment and tools”, and “teachers’ giving students more opportunities to do
exercises”. Besides these suggestions, the following solutions were offered respectively: “
Teachers must connect the subjects to daily life and concretize them”, “Teachers must use
technology (videos, flash, presentations, slides, etc) in their lessons”, «“ Teachers must solve
more problems about the subject”, “More activities must be added in the textbook”,
“Students’ operational skills must be developed through cooperation with maths teachers”,
and “ Textbooks must include interesting information, activities, visuals, and cartoons.”
When the literature is analysed, similar suggestions offered in this study to solve the problem
draw attention (Y1lmaz & Morgil, 1992; Ozdemir, 2006; Ozden, 2007; Sengiil, Cetin & Giir,
2008; Dogan, 2010; Kiiciikdner, 2011; Gegcer & Ozel, 2012; Cengiz, Uzoglu & Dasdemir,
2012). Kiigiikdner (2011). In addition to the most frequently mentioned suggestions, it was
identified that teachers offered interesting suggestions such as “Formulas must be included in
curriculum”, “Subjects must be removed from the curriculum and taught in later grades”,
“Central laboratories must be established in the cities and towns and must be put into
service”, “MNE books must be used”, and “small pools must be built in the school garden”.
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ABSTRACT

The aim of this study is to determine the effect of performance based evulation on preservice biology
teachers’ cognitive achievements and laboratory report writing skills about DNA isolation. In the study,
nonequivalent control-group design were used to determine the effect of performance based evaluation on
pre-service biology teachers’ achievement and laboratory report skills about DNA isolation. The sample
of the study was 70 pre-service teachers. A rubric and DNA isolation achievement test were developed
for the data collection. Data was collected by pre-and post-administration of achievement test and
administration of rubric. Before the beginning of the study, a pre-test was applied in order to determine
the cognitive field levels of students on DNA isolation. Then, a DNA isolation test was applied to the
experiment and control groups. While the experiment group was given a rubric to be used during writing
their laboratory reports, the control group was not. At the end of the study, a post-test was applied in
order to determine students’ cognitive field levels. To detect the differences between the experimental and
the control groups, the independent samples t-test was used. At the end of the study, it was determined
that preservice teachers who use rubrics display a higher skill in writing laboratory reports and have a
higher cognitive field level compared to those who do not.

Keywords: Rubric; Analytic Rubric; Holistic Rubric; DNA Analysis; Gene Technology; Preservice
Teacher; Report Writing Skill.

INTRODUCTION

Recently, many educators have emphasized that the evaluation methods used today do
not provide knowledge for the individuals’ self-assessment nor the state of his development.
These kind of evaluation methods should be used less frequently for evaluating student
achievement (Kutlu, 2004; Bahar et al., 2006). As such evaluations fall short in measuring the
higher order cognitive skills (such as designing an experiment, writing a new story, or
presenting a paper) of students that are required to be graded (Kutlu, 2004). However,
throughout their education, students must be able to use advanced mental skills in addition to
knowledge that is based on recall to participate in meaningful learning. Kutlu, Dogan &
Karakaya (2008) described the higher order cognitive skills as the entire cognitive, affective
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and psychomotor features used by individuals while displaying their skills. Zoller (2000)
approached the higher order cognitive skills as asking questions, critical and systematic
thinking, problem solving, analyzing, evaluating, and synthesizing new information and
decision-making. To educate individuals who can meet the needs of modern society,
eduaction systems should set the development of students’ higher order as high priority
(Kutlu et al., 2008). This necessity requires educators to also measure and evaluate higher
order cognitive skills. However, the current tests used in science teaching give little
information about how students use the knowledge they have gained. That situation makes an
emergent call for the use of new evaluation approaches that check the product and the
process, which is globally referred to as performance-based evaluation, combining with pre-
existing measurement and evaluation approaches.

Performance-based evaluation can be applied to real-life situations. Moreover, it can
measure an activity with multiple solutions or strategies that includes higher order cognitive
skills, which can be measured over a wide-ranging period of time, from a couple of minutes to
a couple of days (such as modeling), or a situation that can produce original answers (such as
explaining the solution to a mathematical problem) (Aschbacher, 1991; Baron, 1991; Madaus
and O’Dwyer 1999; Stiggins, 1987). Kubiszyn and Borich (1996), on the other hand,
underlined the necessity for propounding a product, having an observable performance while
propounding that product and enabling it to involve the process of high order thinking in
order to ground an evaluation on performance. Besides, the researchers indicated that the
performance-based evaluations had to enable the social skills and group studies, as well as the
interdisciplinary transition and information exchange (as cited in Berberoglu, 2006).
Performance-based evaluation is composed of two important parts. One is the performance
task, and the other is the rubric (Popham, 2007). Miller (2005) defines performance tasks as
activities where students are required to develop their own answers rather than choosing
among the options presented to them. Students’ knowledge can be structured by giving them
performance tasks, and this is important for effective learning (as cited in Marzano, Pickering,
and Mctighe, 1993). Thus, performance-appropriate evaluation tools are necessary to evaluate
performance. Rubrics are said to be one of the most widely used tools to complete
performance evaluations (Kutlu et al., 2008)

Rubrics are documents where the criteria taken into consideration for a given study are
listed and the quality of each criterion is provided with detailed definitions (Andrade, 2000;
2001; 2005; Andrade and Du, 2005; Andrade, Wang, Du & Akawi, 2009; Goodrich, 1997).
Having various forms and levels, the rubric could be used for a good number of course fields
(Moskal, 2000). Rubric is especially used by teachers due to their dissatisfaction in giving a
mark to practice-based fields like projects and oral presentations (Reddy, 2007). According to
Popham (2007), rubrics are composed of three parts, namely, evaluation criteria, criterion
definitions, and grading strategies.

1. Evaluation criteria: These are the factors that an evaluator uses when deciding on the
quality of a student’s performance. In other words, these are the requirements for a student to
be considered successful (Wiggins, 1991).

2. Quality definitions: These are the detailed definitions of what a student has to do to
achieve a certain performance level (Popham, 2007).

3. Grading strategies: These include whether the grading will be conducted according to
the process or the result (Moskal, 2000).

Rubrics are descriptive grading schemes, including grading requisites. They are
important because they include the use of higher order cognitive skills, which are the direct
result of the emphasis on performance (Hafner and Hafner, 2003). While there is no
standardized method to develop rubrics, certain criteria should be considered during the rubric
development process. These are continuity, parallelism, consistency, even distribution,
reliability, and validity (WNCP, 2006).
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Recently, researchers have discussed the benefits of using rubrics in education,
indicating that the application of rubrics in classes is appealing for both teachers and students.
The reasons for this can be better understood when the reasons for using rubrics are examined
(MccCollister, 2002; Halonen et al., 2003; Andrade & Du, 2005). One of the most important
goals of rubric use is to enable students to openly express their expectations about learning
(Luft, 1997; 1999). They feel more responsibility for the evaluation of their learning (Phillip,
2002), and they actively participate in the evaluation process by partaking in self-evaluation
(Wittaker, Spencer, and Duhaney, 2001). Students are able to determine their own needs and
evaluate their own performance with rubrics (Andrade and Du, 2005). When used for the right
reasons, rubrics make each teacher’s grading system transparent so that students better
understand the standards they are expected to meet (McCollister, 2002). In addition to
enabling students to develop higher order cognitive skills and meta-cognitive strategies
(Halonen et al., 2003), the application of rubrics supports and enhances learning (Andrade,
2000; Andrade and Boulay, 2003). The use of rubrics improves student achievement and
learning by increasing each student’s belief in their own self-efficiency (Quinlan, 2006).
Moreover, it helps students improve their self-regulation skills by supporting meta-cognitive
strategies such as planning, observation, and regulation (Saddler & Andrade, 2004). Reddy
(2007) states that effective, valid, and reliable rubrics that provide clear, satisfactory and
detailed feedback increase student satisfaction with the evaluation. They also augment
learning by influencing self-evaluation, where students observe their own processes, such as
evaluation, renewal, and performance grading. This implies that, in addition to increasing
academic achievement, rubrics can augment other aspects of a student’s learning, such as
interest, personal proficiency and individual regulation.

As tools, rubrics are also appealing to teachers because they are strong in both teaching
and evaluation (Andrade, Du & Wang, 2008; Goodrich, 1997). With the help of rubrics,
teachers can have a more objective and consistent evaluation of their grading practices
(Andrade, 2005; Wittaker, Spencer, and Duhaney, 2001). A valid rubric decreases the
possibility of a biased decision about a student’s performance by preventing the evaluator
from focusing on factors such as a student’s gender, race, age, appearance, ethnicity, or
previous academic achievement. This quality of rubrics makes it possible to evaluate students
objectively, and it becomes good supporting documentation for the teacher when he or she
meets with the student and his or her parents (Andrade, 2000; Whittaker, Spencer, and
Duhaney, 2001). At this point, the need for high quality rubrics that are to be used in teaching
and learning processes comes to the fore. This implies that there is a necessity for a good
comprehension of the rubric preparation process and that learning processes should be
supported by well-prepared rubrics. For well-prepared rubrics to be used, the teachers, i.e., the
evaluators should be well-educated in the use of rubrics. Additionally, the rubrics that are
implemented should be developed by experts and be well tested.

In today’s world, where our expectations of school and education consistently increase,
science and the biological sciences, which facilitate our life and increase its quality, have an
important role in supporting our decisions and enabling us to make the right ones. Therefore,
the benefits of rubrics and their expansion in terms of science, technology, society, and
environment, should be discussed by the field educators. When considering the transference
of knowledge on the topics of molecular genetics in the biological sciences to individuals, the
importance of multifaceted learning that will be realized on an advanced mental level must be
better understood.

“Modern biotechnology” (or “gene technology”), in terms of its advantages and
disadvantages related to health, economics, industry, environment, ecology, social and ethical
topics, should be carefully discussed. The importance of communicating the ethical,
economic, social, medical, and ecological results of gene technology to the individual and
carefully examining the development of personal judgment and evaluations (approving/not
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approving, risk perception, and the ability to evaluate dangers), as well as the fact that these
activities increase the importance of gene technology education, have been emphasized by
several scientists (Schallies and Wellensiek, 1995; Harms and Bayrhuber, 1999; Harms,
2002). Discussing the teaching and the learning level of DNA isolation, which includes
purification of the DNA by separating it from the live cell, using a rubric, is also important.

In the light of previous literature, the current study aimed to determine the effect of
performance based evaluation on pre-service biology teachers’ cognitive achievements and
test report writing skills about DNA isolation. The following questions were addressed.

I. Is there a difference between the skills of students writing reports on DNA isolation
levels when rubrics are used vs. when they are not used?

Il. Is there a difference between the cognitive field levels of students studying DNA
isolation when rubrics are used vs. when they are not used?

METHODOLOGY
a) Type of the Study

In this study, quantitative research designs patterns are used. The data are gathered
using a nonequivalent control-group design, which is a quasi-experimental design. The most
commonly used quasi-experimental design in educational research is the nonequivalent
control-group design. In this design, research participants are not randomly assigned to the
experimental and control groups, and both groups take a pretest and a posttest (Gall, Gall,
Borg, 2007)

b) Study Group

The study group consists of 70 pre-service biology teachers who are sophomores at a
state university. They were selected using cluster sampling, and they were appointed as one
experiment and one control group in class level (Karasar, 2006). There were 31 students in
the experimental group and 39 students in the control group. Ninety percent of the study
group were female participants (N=63), and 10% were male participants (N=7). Second grade
preservice teachers did not have an experience about rubrics. Besides, they did not have
theoretical and practical studies about the DNA isolation, either.

c¢) Data Gathering Tools

DNA Isolation Cognitive Field Achievement Test: To determine students’ cognitive
field achievement levels with respect to DNA isolation, a 5-choice multiple-choice test was
prepared. For this test, 5 objectives of student achievement were determined by the
researcher. At least two questions that measure each objective were written, and a multiple-
choice achievement test with a total of 22 questions was prepared. The achievement test was
presented to two biology experts and two biology education experts. In accordance with the
views and suggestions of the experts, necessary corrections were made and a pre-trial form
was constructed. The constructed pre-trial form was administered to 174 university students
studying in the biology education department during the spring semester of the 2010-2011
academic year. After this application, the article difficulty and differentiation indexes of the
test were calculated. According to the results obtained from these calculations, 3 articles with
an article difficulty lower than 0.20 were discarded. The remaining articles had article
difficulties ranging from 0.22 to 0.59. The average article difficulty was calculated as 0.61,
and it was determined that the test was of medium difficulty. The inner consistency reliability
coefficient of the final test with 19 articles was determined to have a Cronbach’s 0=0.73.
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DNA Isolation Rubric: To determine each student’s laboratory report writing skills with
respect to DNA isolation, including their weaknesses and strengths within the scope of
general biology classes, a rubric was prepared. During the development process of the
analytical rubric, which was intended to determine students’ levels in reaching the objectives
of laboratory report writing, four quantifiable objectives were determined. A performance
item was established for each objective. These performance items became the evaluation
criteria for the rubric. The resulting evaluation criteria were as follows: being able to write
down the materials of the experiment, being able to write down the actual realization of the
experiment, being able to write down the observations of the experiment, and being able to
write down the results of the experiment. Each evaluation criterion was graded using 1-3
points. The summary of the scoring is as follows:

1 point: The skill needs to be developed

2 points: Acceptable

3 points: Highly successful

Then, each evaluation criterion was individually defined. For each evaluation criterion,
for the spot where the scoring levels intersect, the performance expected of the student for
that level is defined in detail from 3 to 1 (from good to bad). The ability to make observations
was divided into two sub-categories; likewise, the ability to interpret was divided into 5 sub-
categories, and all these sub-categories were separately defined. For example, for the
experiment materials evaluation criterion, “All materials used in the experiment were
documented in full” was written down for 3 points; “Many of the materials used in the
experiment were documented” was written down for 2 points; and “Materials used in the
experiment were not documented” was written down for 1 point (Appendix 1: DNA Isolation
rubric). 4 experts examined the score adjustment levels between the evaluators for the
reliability of the rubric. And while doing so, the evaluators were required to score a laboratory
report that was prepared with the help of the rubric separately through the rubric. And then
the reliability coefficients between the scores given by the evaluators were calculated with the
Kendall conformation coefficient. As a result of the study, the conformation coefficient
between the evaluators was determined as Kendall W=0, 81 (Kendall, Babington-Smith,
1993)

d) Data Analysis

The SPSS 20.00 statistics program was used to analyze the data. Item difficulty and
discrimination indexes were measured by ITEMAN, which is an article analysis test, and the
internal consistency reliability coefficient was calculated with Cronbach’s alpha. To detect the
differences between the experimental and the control groups, the independent samples t-test
was used. In the interpretation of the results, the level of meaningfulness of the p value was
determined as 0.05.

e) Intervention

The study was conducted by performing the DNA isolation experimentation within the
context of the lesson of general biology laboratory IlI. The lesson of general biology
laboratory 1l is conducted in two sections. While the 1st section is separated as the
experimental group, the 2nd section is separated as the control group. We studied with the
experimental group in the first two hours of the 4-hour lesson of general biology laboratory 11
and with the control group in the following two hours. At the beginning of the study, the pre-
service teachers in the experimental and control group were informed about the DNA
isolation and they were required to apply the experimentation of DNA isolation on their own.
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The experimental and control group realized the experimentation in 4 groups according to the
following order.

1. A half tomato was peeled and then diced. It was smashed until it became a puree
within the press.

2. The solution A was prepared by putting 3 gr salt, 3 ml detergent and 24 ml distillate
water in a beaker. This solution was put in a press and properly smashed with the pulped
tomato.

3. The thickened puree was distilled with the help of a gauze or a thin strainer and put in
a beaker.

4. 15 ml pineapple juice was added to the distilled part and then mixed.

5. 5 ml was taken from that mixture, placed within a tube and 10 ml cold alcohol was
added to it.

6. We waited for 4 — 5 minutes and then observed DNA on the alcohol layer.

As a result of the intervention, the pre-service teachers in the experimental and control
group were required to discuss about the results of the experiment with their friends in the
group. As a result of the discussions, they were all expected to write a report regarding the
experiment. They were required to write the experiment report by considering the materials
being used in the experiment, as well as the performance of the experiment, observations of
the experiment and the order of the results/interpretation of the experiment. While the
experimental group was given the DNA isolation rubric that was developed to determine how
to evaluate the reports while writing their reports, the control group was not given such a
rubric. The control group only received oral explanations about how to write the report. The
experiment reports that were obtained at the end of the study were evaluated by an expert
through considering the criteria in the rubric.

FINDINGS

Test Report Writing Skill Acquisition Levels of Preservice Teachers

Table 1 shows the t-test findings. The results indicate that there is a statistically
significant difference between the report writing achievement scores of the experiment and

the control groups in favor of the experiment group.

Table 1. Preservice Teachers’ Rubric Total Point Averages Independent Samples T-Test Results

Laboratory Report

Writing Skills Group N X s t P
Experiment 31 235 3.265 68 13.96  0.000*
Total Points
Control 39 14.4 2.137
*p<0.05

Table 2 shows the t-test findings. The data indicate that while there is not a statistically
significant difference in the material writing skills of the control and the experiment group,
there is a meaningful difference in favor of the experiment group in terms of the skills of
being able to realize, observe and interpret the experiment.
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Table 2. Preservice Teachers’ Rubric Averages Independent Samples t-Test Results

Laboratory Report Writing Skills Group N X SS sd t P
Experiment 31 2.58 0.502 68 0.330 0.743
Materials used in the Experiment
Control 39 2.54 0.555
Experiment 31 2.90 0.301 68 2.003 0.049
Construction of Experiment
Control 39 2.69 0.521
. . Experiment 31 5.10 1.270 68 5.469 0.000*
Observation of Experiment
Control 39 3.43 1.250
. . Experiment 31 12.90 2.330 68 16.497  0.000*
Interpretation of Experiment
Control 39 5.77 1.220

*p<0.05

The data in Table 3 show the rubric skills averages of the experiment and the control

groups with the t-test findings. In Table 2, observations and interpretations of the experiment

were taken into consideration as a whole, whereas in Table 3, they are examined separately.
Data obtained from the rubric show that there is a statistically significant difference between
the experiment and control groups in favor of the experiment group when observation 1,
observation 2, interpretation 1, interpretation 2, interpretation 3, and interpretation 5

achievement scores are considered.

Table 3. Preservice Teachers’ Observation and Interpretation Rubric Averages Independent Samples

T-Test Results

Laboratory Report

Writing Skills Group N X s t P
Experiment 31 2.77 0.617 68 4,661 0.000*
Observation 1
Control 39 1.82 0.997
Experiment 31 2.32 0.945 68 3.361 0.001*
Observation 2
Control 39 1.62 0.815
Experiment 31 2.61 0.715 68 11.460 0.000*
Interpretation 1
Control 39 1.13 0.339
Experiment 31 2.35 0.661 68 8.307  0.000*
I ion 2
nterpretation Control 39 1.26 0.442
_ Experiment 31 2.55 0.810 68 11.960 0.000*
Interpretation 3
Control 39 1.00 0.000
Experiment 31 2.77 0.617 68 13.140 0.000*
Interpretation 4
Control 39 1.10 0.447
. Experiment 31 2.61 0.715 68 8.158 0.000*
Interpretation
Control 39 1.28 0.647

*p<0.05
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Cognitive Field Levels of Preservice Teachers

The experiment and control groups’ cognitive field achievement test pre-test averages
independent samples t-test results are shown in Table 4. The results indicate that there is no
statistically significant difference between the cognitive field achievement test pre-test
averages of the experiment and control groups.

Table 4. Pre-Application Cognitive Field Levels of Students’ Independent Samples T-Test
Results

Group N X SS sd t p
Experiment 31 14.26 3.44 68 1.150 0.254
Control 39 13.28 3.59

The experiment and control groups cognitive field achievement post-test averages
independent groups t-test results are shown in Table 5. The data indicate that there is a
statistically significant difference between the cognitive field achievement post-test averages
of the experiment and control groups in favor of the experimental groups.

Table 5. Post-Application Cognitive Field Levels of Students

Group N X SS sd t p
Experiment 31 15.52 3.48 68 2.015 0.048*
Control 39 13.82 3.51

*p<0.05

The results shown in Table 6 show that there is a statistically significant difference
between the cognitive field achievement pre-test and the post-test averages of the experiment
group and that there is no statistically significant difference between the cognitive field
achievement pre-test and post-test averages of the control group. It was detected that the
experiment groups achieved a higher success level in the post-test compared to the pre-test.

Table 6. Experiment Group Pre-test and Post-test Average Points Matched t-Test Results

Group Test Type N X SS Sd t p
Pre-test 31 14.26 3.44 30 -3.198 0.003*
Experiment
Post-test 31 15.52 3.48
Pre-test 39 13.28 3.59 38 -1.007 0.320
Control
Post-test 39 13.82 3.51
*p<0.05

DISCUSSION AND SUGGESTIONS

As a result of the study, it was determined that the rubric and achievement test
successes of students showed a difference according to the educational method. As a result of
the study, when the total points students earned on the DNA isolation rubric were considered,
the experiment group was more successful compared with the control group in terms of
acquiring report writing skills (Table 1). In similar studies on this topic, in terms of skills
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acquisition levels, students who use rubrics are more successful compared with those who do
not (Andrade, 2001; Sefer, 2006; Gunes, 2011). In their respective studies, Andrade (2001)
proves that rubrics are influential in enabling students to acquire effective writing skills; Sefer
(2006) proves that they are influential in enabling students to acquire problem solving skills,
and Gunes (2011) proves that they are influential in enabling students to acquire research
skills.

Using rubrics to develop and acquire skills can be given as one of the reasons affecting
student achievement. The reason students who use DNA isolation rubrics are more successful
is that learning outcomes and the required achievement levels are clearly indicated in rubrics.

When the experiment report writing skills of the experiment and control groups were
examined individually, it was observed that the experiment group was more successful
compared to the control group (Table 2).

When the report writing skills acquisition levels of the preservice teachers were
examined individually, the experimental group achieved a higher success level in terms of
observation and interpretation of experiment results skills compared with the control group
(Table 3). In his research on students’ skills in interpreting experiment results, Rutherford
(2007) found that students who use rubrics can interpret experimental results more
successfully. In their study about learning studies with groups, Cohen, Lotan, Scarloss,
Schultz and Abram (2002) suggested that individuals who were informed about the evaluation
criteria had better-quality group studies and discussions. Andrade and Du (2005), on the other
hand, indicated that using a rubric could enable students to do quality homeworks, have better
grades and decrease their anxieties about what they would learn. According to the results of
our study, it could be asserted that the use of a rubric in the DNA isolation experimentation
will be effective upon the development of the skills of preservice teachers such as writing an
experimentation report involving higher order cognitive skills like making accurate
observations, as well as interpreting and writing the experimentation results, which could
signify that the rubric would increase the higher order cognitive skills. Interpreting the study
results in a broader term, on the other hand, it could be thought that the success of preservice
teachers who were informed about the evaluation criteria by means of the rubric was affected
by the decrease of their anxieties about how to write the experimentation report and the
betterment of their perceptions regarding this subject.

The reason for the high success level in DNA isolation is that the perceptions of the
preservice teachers regarding experimental report writing improves, and using rubrics is
therefore effective in developing experimental report writing skills.

It was found that there is no meaningful difference in any class level between the
cognitive field pre-test points of preservice teachers who use or do not use rubrics (Table 4).
The points taken from the pre-test indicated that the control and the experimental group have
a certain level of presumption about the topic.

There was a meaningful difference between the cognitive field post-test points of
preservice teachers who use DNA isolation rubrics and those who do not, in favor of the
experiment group (Table 5). The fact that the experimental group used rubrics is shown as the
reason for this.

In this study, it was found that compared to the pre-test, the experimental group had a
higher success level in the post-test (Table 6). The reuslts showed similarities with the
research findings of Gunes’ study (2011) related to the effect of rubrics on the research skills
and cognitive field levels of primary school students. Gunes (2011) found that the cognitive
level of the experiment group that used rubrics was higher in the pre-test compared to the
post-test. Moreover, the cognitive level of the control group did not show any difference from
the pre-test to the post-test. In the qualitative study of Gunes (2011) that was conducted with
primary school students, the students indicated that the rubrics increased their success, which
signifies that the results of study are supported by qualitative data. In our study, the fact that
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the experimental group used rubrics in research activities may have been effective in the
occurrence of this difference. Rubrics may have a positive effect on the improvement of
preservice teachers’ perceptions and skills and on the improvement of their academic
achievements.

The findings of the study allowed to make several suggestions. First, expressing what
pre-service teachers should take into consideration when preparing an experimental report can
have a positive effect both on the enhancement of their perceptions and skills and on the
enhancement of their academic achievement. Second, the importance of using rubrics during
the evaluation process, expanding the use of rubrics, and improving preservice teachers by
informing them about rubrics can contribute to their education. Third, a discussion of
developing new rubrics for molecular genetics, gene technology and other biology subjects
and applying these rubrics to wide and various groups, thereby increasing student success and
advancing cognitive skills and the effects of complimentary evaluation tools can be
suggested. Finally, It could be suggested to also conduct studies that investigate the factors
affecting the success and are supported by qualitative data.
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Appendix 1: DNA Isolation Rubric

Criterion

3
(Highly successful)

2
(Acceptable)

1
(Needs to be developed)

Score

experiment were correctly listed.

somewhat correctly listed.

Materials used in the experiment All materials used in the experiment were| Many of the materials used in the experiment were] Materials used in the experiment were not
documented in full. documented. documented.
Realization of the experiment All phases related to the realization of the| Phases related to the realization of the experiment were| Phases related to the realization of the experiment

were listed completely incorrectly.

Observation of the|
experiment

Observation 1

Completely correct observations were made about]
the place of the structure we observe in the

experiment.

Somewhat correct observations were made about the|

place of the structure we observe in the experiment.

Completely incorrect observations were made
about the place of the structure we observe in the

experiment.

Observation 2

Correct observations were made as to what the|

structure we observe in the experiment looks like.

Somewhat correct observations were made as to what the|

structure we observe in the experiment looks like.

Completely incorrect observations were made as to|
what the structure we observe in the experiment

looks like.

Results/Interpretation

of the Experiment Interpretation 1

Completely correct results were arrived at as to why|

mechanical breaking is performed.

Partially correct results were arrived at as to why|

mechanical breaking is performed.

Completely incorrect results were arrived at as to

why mechanical breaking is performed.

Interpretation 2

Completely correct results were arrived at as to why|

Solution A is used.

Somewhat correct results were arrived at as to why|

Solution A is used.

Completely incorrect results were arrived at as to

why Solution A is used.

Interpretation 3

Completely correct results were arrived at as to

what function filtration has in the experiment.

Somewhat correct results were arrived at as to what

function filtration has in the experiment.

Completely incorrect results were arrived at as to

what function filtration has in the experiment.

Interpretation 4

Completely correct results were arrived at as to
what function the pineapple juice has in the

experiment.

Somewhat correct results were arrived at as to what

function the pineapple juice has in the experiment.

Completely incorrect results were arrived at as to
what function the pineapple juice has in the

experiment.

Interpretation 5

Completely correct results were arrived at as to

what function the alcohol has in the experiment.

Somewhat correct results were arrived at as to what|

function the alcohol has in the experiment.

Completely incorrect results were arrived at as to

what function the alcohol has in the experiment.

TOTAL SCORE




TURK FEN EGITiMI DERGISI & St Journal of
Yil 12, Sayt 1, Mart 2015 $ % TURKISH SCIENCE EDUCATION

Volume 12, Issue 1, March 2015

http://www.tused.org

Developing a Holistic Measurement on Nuclear Issues for
Preservice Science Teachers

Hilal KUCUK?, Gokhan GUVEN' | Hediye Sule AYCAN?

! Research Assist., Mugla Sitki Kogman University, Faculty of Education, Mugla-TURKEY
2 Prof. Dr., Mugla Sitki Kogman University, Faculty of Education, Mugla-TURKEY

Received: 10.07.2014 Revised: 12.01.2015 Accepted: 22.01.2015

The original language of article is English (v.12, n.1, March 2015, pp.85-98, doi: 10.12973/tused.10135a)

ABSTRACT

In this study, a conceptual understanding test and a knowledge test were developed to investigate the
conceptual understanding and knowledge levels of pre-service science teachers about a socio-scientific topic,
nuclear energy and nuclear plants. The study addresses the reliability and validity of these developed tests. While
the 34-question knowledge test was administered to 441 pre-service science teachers, the 15-question conceptual
understanding test was administered to 223 pre-service science teachers. In the test development process, to
establish the validity expert opinions were sought, item analyses and factor analyses were conducted and
reliability computations were performed. At the end of the editing, after the correction and elimination of some
problematic questions, the final form of the knowledge test emerged with 30 questions and the conceptual
understanding test emerged with 13 questions. As a result of the analyses, it was found that the knowledge test
consists of four factors and explains 56.98% of the total variance while the conceptual understanding test is
made up of three factors and accounts for 46.35% of the total variance. Furthermore, the Cronbach’s alpha
coefficient of the conceptual understanding test was found to be 0.77 and KR-20 and two-tier reliability
coefficients of the knowledge level test were calculated to be 0.86 and 0.85 respectively.

Keywords: Pre-service Science Teachers; Nuclear Energy; Nuclear Plant; Validity; Reliability.

INTRODUCTION

Energy has become an indispensible part of modern life. Throughout the last two
centuries, the main component in the developments in many fields of industry, *modern life,
science and technology has been energy. However, with the rapid growth of the world
population, many countries are now confronted with energy-induced challenges. In order to
be able to deal with such problems, some countries have been engaged in the search for
sources of energy as alternative to fossil fuels and one of these alternatives is nuclear energy.
While some developed countries such as the USA, France and Japan are still making full use
of nuclear energy, some other countries adopt approaches against nuclear energy. In Turkey,
discussions about nuclear energy date back to the 1960s and during that period, attempts were

" Franklin says; “If you would not be forgotten as soon as you are dead, either write something worth reading or
do things worth writing.” In memory of Hilal Kii¢iik (1986 - «)...
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made to establish nuclear plants but all these attempts failed due to various reasons. At
present, there are two nuclear plants in the process of construction in the Turkish cities of
Sinop and Mersin. Preliminary research is being conducted for the construction of a nuclear
plant in the Trakya-igneada region of Turkey.

Lack of agreement on the use of nuclear energy among countries has led to some
disputes on the generation and use of nuclear energy. The public is informed about these
disputes on nuclear energy and construction of nuclear plants by the media. It is seen that
there are two extreme sides to these disputes in the media. On one hand, some media adopting
the view of Nuclear Renaissance argue that the cleanest way of saving the world from the
nightmare of global warming is nuclear energy as it does not emit greenhouse gases, it does
not yield waste ashes and it is a more efficient means of energy production when compared to
its alternatives. On the other hand, some other media adopting the view of a Nuclear
Nightmare argue that nuclear energy poses great security risks and waste-disposal challenges;
they refer to the Chernobyl accident in 1986 and the Fukusima accident in 2011 (Kaya, 2012)
as examples.

Though the media serves the function of informing the public on the issue, some
misleading news, animations, speculations and quotations on television, newspapers and the
Internet result in members of the public experiencing a dilemma about nuclear energy and
nuclear plants. As a result, the public can be either too indifferent or too sensitive to risky
situations. Moreover, due to lack of information the concept of nuclear energy and radiation
can be perceived more negatively and be more confusing. It is widely observed that
individuals having negative or positive perceptions of the issue cannot justify their position
and have some problems. The opinions expressed by lay-people about the issue mostly stem
from unquestioned social learning rather than scientific inferences based on scientific reading
and research. People not reading about or researching the issue may turn out to be indifferent
to the problem of nuclear energy and view it like a science fiction scenario not much related
to their daily lives. As some other people think that this is the problem of scholars, they may
not be willing to be involved in decision-making processes even if they have the right to do
so. However, when the relevant literature is investigated, it is seen that there is a great lack of
information in society and they cannot evaluate the up-to-date nuclear energy-related
problems and issues critically (Cohen, 1998; Matsuura and Iir1, 2002; Yalcin and Kilic, 2005).
Hence, it is of great importance to educate individuals to be able to question and evaluate the
issue of the generation of nuclear energy and construction of nuclear plants with critical and
scientific rationality.

It can be easily argued that for a society to be an information society, teachers are of
vital importance. Teachers may exert great influence on the development of critical thinking,
problem solving and scientific thinking skills of their students (Ralph and Wayne, 1967).
However, to do so, first, teachers should be educated well. According to Gultekin (2002), the
only way of training qualified teachers is to get pre-service teachers to undergo a quality
teacher training program.

Besides this, it is clear that the teachers who introduce students to nuclear issues
should be science teachers. In this respect, when the pre-service science teacher training
programs are analyzed, it is seen that nuclear issues are only taught in a few courses. During
the observation performed by the researchers in these courses, it was seen that the pre-service
science teachers had great difficulties in discussing this highly popular socio-scientific issue.
This may be because of the lack of information or misconceptions possessed by the pre-
service teachers. Some other research has also revealed that teachers and students have
difficulties in discussing the issue of nuclear energy and plants due to deficiency in
knowledge or misinformation (Atila, 2004; Ozdemir and Cobanoglu, 2008).
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When the literature on nuclear energy and nuclear plants is investigated, it is seen that it
mostly focuses on the evaluation of the attitudes and interest of students from different grade
levels and teachers from different subject areas. In some of the related studies, university
students’ attitudes and interests in nuclear energy and wastes (Berberoglu and Tosunoglu,
1995; Karagoz, 2007; Larsen, 1993; Ozdemir and Cobanoglu, 2008; Taskin, 2004) or
elementary students’ opinions and feelings about the use, effects, benefits and harmful effects
of nuclear energy and construction of nuclear plants (Kilinc, Boyes and Stanisstreet, 2013;
Maharaj-Sharma, 2011) were investigated. It can be argued that the pre-requisite of making
correct inferences and developing appropriate attitudes is based on prior knowledge. Given
the fact that interests and attitudes develop depending on prior knowledge, it becomes clear
that the determination of individuals’ knowledge and conceptual understanding through
reliable tests can be of great importance as well. In this regard, together with the scales of
attitude and interest on nuclear issues, tests to understand what pre-service science teachers
know about nuclear issues can fill the gap in the literature to some extent.

In order to be able to critically approach any issue, the related basic concepts should be
understood and internalized. In this regard, the basic concepts of nuclear energy and nuclear
plants should be accurately taught and learned, correctly interpreted and thus, by forming the
right knowledge, the advantages and disadvantages of nuclear energy and nuclear plants
should be appropriately evaluated. Hence, the importance of a holistic measurement which
covers the conceptual understanding of the basic concepts and knowledge of pre-service
science teachers on nuclear issues is important.

Based on the belief that this problem may be possessed by many pre-service science
teachers, the purpose of the present study is to develop a holistic measurement to
comprehensively understand what pre-service science teachers know about nuclear issues.
Accordingly a conceptual understanding test which includes the basic concepts on nuclear
issues, determining the attitudes that influence the decision-making processes and a
knowledge test to understand the basic knowledge level of the pre-service science teachers
were be developed. We believe that it would be easier to accurately determine the sources of
the level of misunderstanding of pre-service science teachers on nuclear issues through these
two tests together.

METHODOLOGY

In this section, the characteristics of the study groups in which the reliability and
validity of the two tests were established will be discussed.

a) Conceptual Understanding Test of the Concepts of Nuclear Energy and
Nuclear Plants

The first test consists of 15 questions. During the development process of the questions,
first, a concept map was constructed by reviewing some books written in this field. After
seeking the opinions of experts in the field of chemistry about this concept map, concepts
such as strong nucleus force, instability, radioactive decay, radiation, ionized radiation, non-
ionized radiation, half-life, fission and fusion were included within the concept map. Then,
concept analysis including scientific definitions and misconceptions reported in the literature
was conducted for each concept and the test questions were developed based on these concept
analyses. The conceptual understanding test includes conceptual and phenomenological
questions that can be answered by the students who internalized these concepts. The questions
developed by using all the concepts may be categorised under three main concepts:
Radioactivity, environmental effects and nuclear reactions.
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When the relevant literature is examined, it is seen that the concepts of knowledge level
and conceptual understanding may mean different things. It is known that knowledge level
can be improved through recall and exercise (Stephanou, 1999). However, in a science course,
it is widely observed that even the most successful students provide memorized answers to
questions. When questions requiring deep analysis are asked, it is seen that students have in
fact some misconceptions about the issues that they seem to know only superficially (Unal
Coban, 2009). In this regard, the concept called conceptual understanding can become really
difficult to evaluate by means of classical methods including multiple-choice, false or correct
and short answer questions and they may not be adequate to claim that students deeply
internalized the concepts. Hence, such measurement instruments should include questions
requiring students to transfer their knowledge into different settings so that they can use their
knowledge. In a similar manner, Demirelli (2003) states that for learning to occur at the
understanding and comprehension levels, the questions of “Why” and “How” should be
answered. Thus, whether a student has the conceptual understanding or not can be evaluated
through a test including these types of questions.

In order to determine whether students have reached a conceptual understanding level,
there are many different types of evaluation techniques that have been developed. Among
these, the effective ones are those including open-ended questions to define students’
opinions. Through tests including such questions, students’ opinions can be more
comprehensively evaluated and the reasons for their opinions can be well understood
(Kabapinar, 2003). Driver and Erickson (1983) argue that there are two dimensions involved
in the elicitation of students’ opinions for such tests. These are conceptual and
phenomenological dimensions. At the conceptual level, students are asked to give
explanations about the concept, and use or define the concept in a context. At this level, while
collecting the data, techniques such as conceptual associations, free writing and concept maps
can be used. At the phenomenological dimension, on the other hand, an incident is presented
and students are asked to make predictions about the incident and then they are asked to
provide explanations about their predictions (Driver and Erickson, 1983; Kucukozer, 2004).
Within the framework of the present study, by taking these factors into consideration, the
conceptual understanding test was planned to contain such open-ended questions.

If we examine the questions of the conceptual understanding test that was prepared, it
could be said that the first, second and third questions of the conceptual understanding test are
phenomenological questions that can be answered by using the information of the
fundamental forces in nature such as strong nuclear force, electromagnetic force, weak
nuclear force and the force of gravity. The fourth and fifth questions in the test are conceptual
questions for which students are expected to provide explanations in their own words about
the concepts in question. In order to be able to answer the sixth and seventh
phenomenological questions of the test, students have to know the concepts of radiation and
nucleus stability. The eighth question can be answered based on the fact that radioactive
substances cannot be changed by physical factors as long as radioactive substances do not
affect the nucleus. The ninth question of the test is a phenomenological question that can be
answered by knowing the ionization effect of radiation. The tenth question requires knowing
that radioactive decays are exothermic reactions. The eleventh question of the test is
phenomenological and requires information about the types of radioactive decay and their
areas of influence. In order to be able to answer the twelfth question of the test, students must
know that radioactive wastes are produced as a result of radioactive decay of radioisotopes;
after decay, these wastes go on emitting radiation at gradually decreasing amounts. When
exposed to such wastes, students need to know about the types of radiation that are produced
and the effects of exposure to them. The thirteenth question of the test is a conceptual
question measuring three different basic concepts. The fourteenth question is a
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phenomenological question that requires students to know the difference between the
concepts of fission and fusion. The last phenomenological question requires knowing the
effects of ionized radiation on the human body.

b) Knowledge Test on Nuclear Energy and Nuclear Plants

In order to measure the pre-service science teachers’ knowledge level about nuclear
energy and nuclear plants, a knowledge test was developed by the researchers. Before
developing the test, the sub-headings and scopes of the topic of nuclear energy and plants
were determined by considering the grade levels of the pre-service science teachers. Then the
opinions of three science education experts in their fields were sought. In light of their
opinions, the sub-headings of the topic were determined to be nuclear force, radioactive
substance, radioactive isotope, half-life, radioactive decay, radiation, fission and fusion, the
state of nuclear plants in the world, working principles of nuclear plants, advantages and
disadvantages of nuclear plants and the effects of nuclear plants on human health and the
environment.

A question pool including multiple-choice questions about each sub-heading of the
topic of nuclear energy and plants was constructed. During the construction of this question
pool, various sources including achievement tests reported in the relevant literature, question
pools including these sub-headings, test worksheets and chemistry textbooks were referred to.
Moreover, by developing additional multiple-choice questions, the researchers contributed to
the existing question pool. The questions in the pool were classified according to cognitive
domains of Bloom’s taxonomy. In the final form of the test there were 34 multiple-choice
questions that were suitable for 3rd and 4th-year pre-service science teachers to answer.

FINDINGS

In this section, the findings related to validity and reliability of the conceptual
understanding test and knowledge test that were developed to evaluate the students’
information about nuclear energy and nuclear plants are discussed. These findings are related
to item analyses, content, face and construct validity and reliability of the test questions.

Findings related to Conceptual Understanding Test of Nuclear Energy and
Nuclear Plants

Validity is one of the important characteristics to be considered while developing an
evaluation tool. The validity of an evaluation tool involves what this tool aims to measure and
how well it fulfils this goal (Anastasi and Urbina, 1997; Tavsancil, 2006). In the literature,
validity is generally discussed under three headings (Sencan, 2005). The first is related to
whether the evaluation tool used is suitable for the feature to be evaluated. The second is
related to whether evaluation is performed in compliance with the rules of evaluation. The
third is related to whether the data obtained are actually reflecting the characteristic intended
to be evaluated. In relation to these headings, validity can be classified under different
categories. Some of these are content validity, construct validity, predictive validity and face
validity. In the present study, in order to test the content and face validity of the test, the
concept analyses of the conceptual understanding test together with the expert opinions form
developed by the researchers were scrutinised by five instructor experts in their fields. The
instructors analyzed each question in terms of scientific suitability, suitability for student level
and comprehensibility. In order to evaluate the consistency between the experts’ responses
about the test questions, agreement values were calculated through agreement an percentage
formula (Miles and Huberman, 1994).
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According to agreement results, some corrections were made to questions 1, 3, 7, 9, 11
and 15. No question was discarded from the test. After undergoing the scrutiny of the experts,
the questions were administered to 223 pre-service science teachers studying at Mugla Sitki
Kog¢man University in Turkey. Of these students 16.6% (n=37) are senior students, and 83.4%
(n=186) are third-year students. The reason for the selection of the students for the
administration of the test is that they have already completed a course related to nuclear
issues.

In the analysis of the responses to the conceptual understanding test of the present study
the data were coded according to a quintet coding scheme developed by Abraham,
Williamson and Westbrook (1994) (Table 1). The same scheme was also used in other studies
(Abraham, Gryzbowski, Renner and Marek, 1992; Haidar and Abraham, 1991; Simpson and
Marek, 1988; Westbrook and Marek, 1991, 1992).

Table 1. Conceptual Understanding Evaluation Scheme

Degree of conceptual understanding Criteria for scoring

. Blank, repeats question, irrelevant or unclear
0~ No understanding (NU) response, no explanation given for choice of answer

1 — Specific misconception (SM) Scientifically incorrect responses
2— Partial understanding with a specific misconception | Responses that show understanding of the concept, but
(PU/SM) that also contain a misconception

Responses that contain a part of the scientifically

3 — Partial understanding (PU) accepted concept

Responses that contain all parts of the scientifically
accepted concept

4 — Sound understanding (SU)

The existence of such a coding system allows the calculation of item difficulty and
discrimination indices and conducting reliability and construct validity for a conceptual
understanding test. After coding, item difficulty and discrimination indices were calculated
for each question. According to Ozguven (1994), the item difficulty is the percentage of
participants correctly responding to the question. When item difficulty converges to 0.00, it
means that the question is very difficult and when it converges to 1.00, it means the question
is very easy. The item difficulties of the test questions were determined through item analysis.
The questions having item difficulty values ranging from 0.30 to 0.70 were retained in the
final form of the test. In addition to item difficulty, the discrimination value of each question
was also calculated. The questions having discrimination values higher than 0.30 were
included in the test.

According to the item analysis results, it was decided to discard questions 8a, 8b, 8c,
10a and 10b so as not to distort the conceptual structure of the test. After the exclusion of
these questions from the test, exploratory factor analysis was conducted using SPSS 14 and
the factor structure of the test was investigated to check the construct validity. Construct
validity is useful to explain what the analysis results are related to. Construct validity is a
process of inquiry of what the measurement scale and scores obtained from it mean
(Ozguven, 1994). Factor analysis is a technique used to transform associated data structures
into fewer new data structures independent from each other, to reveal common factors by
grouping the variables assumed to explain a formation or an event and to group the variables
affecting a formation (Ozdamar, 2002). That is, it is a technique providing an empirical basis
for acquiring fewer independent variables by combining moderately or highly related
variables. In this way, it can be possible to reduce many variables to a few groups or
dimensions. And each of these groups or dimensions is called factor (Balci, 2009).

According to exploratory factor analysis, the Keiser-Meyer-Olkin (KMO) test result
was found to be .814. The Bartlett coefficient was significant at the .000 level. A significant
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Bartlett result shows that the data have multi-variable normal distribution and accordingly, it
shows that the other assumptions of the factor analysis are also met. According to the analysis
results, while four-factor construct explains 53.865% of the total variance, if three-factor
construct is selected, it can explain 46.358% of the total variance. Given that while
developing the conceptual understanding test, the concepts determined through expert
opinions were collected under three main headings, it can be said that three-factor construct is
more suitable for the test. Factor loadings of the questions according to three-factor construct
are given in Table 2.

Table 2. The Factor Structure of the Conceptual Understanding Test

Factor Loadings of the Factors

R R
1-2-3-4-5-6 0.407-747
7-9-11-12-15 0.357-0.749
13-14 0.745-0.708
19.289% 15.469% 11.599%

Variance explained

Total variance : 46.358%

Exploratory factor analyses were conducted on this three-factor structure. This three-
factor structure was justified by the confirmatory factor analysis. The confirmatory factor
analysis was carried out using Lisrel 8.7.
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Figure 1. The Results of the Confirmatory Factor Analysis of the Conceptual Understanding Test

In light of the data presented in Figure 1, it can be argued that fit indices of the
conceptual understanding test consisting of 13 questions are significant (X?=126.16, sd=62,
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p=.000, X?/sd=2.035). In addition to this, fit indices are RMSEA=.068, GFI=.92, AGFI=.88,
CFI=.94, NNFI=.92 and IFI=.94. Based on these results, the model can be claimed to have a
good fit; hence, no modification was made to the questions. Within the context of the
reliability analyses of the conceptual understanding test, the Cronbach’s alpha (a) coefficient
was calculated and reliability coefficient for the whole of the test was found to be .775.
According to Cepni (2007), reliability means consistency shown by the measurement scale
when more than one measurement of the same feature is made.

Findings related to Knowledge Test of Nuclear Energy and Nuclear Plants

During the development process of the test, required applications were performed with
the questions were administered to 441 senior and third-year pre-service science teachers
from the science teaching programs of Mugla Sitki Kogman University, Dokuz Eyliil
University and Celal Bayar University in the 2013-2014 academic years. Of the participants,
38.7% (n=171) are third-year students and 61.3% (n=270) are senior students.

Item difficulty index and item discrimination index were calculated for the knowledge
test and questions with difficulty value below or above 0.50 and discrimination indices lower
than 0.30 were discarded from the test. The questions having low values were modified or
discarded from the test in line with the opinions of experts. In this regard, questions 20 and 21
were modified and four questions were excluded from the test. While doing this, the content
validity of the test was ensured. As a result, the number of questions in the test was reduced to
30. The distribution of the questions in the final form of the knowledge test according to
cognitive domains is presented in Table 3.

Table 3. Distribution of the Questions in the Knowledge Test according to Cognitive Domains

Content Information | Understanding | Analysis | Synthesis
Nuclear force 1

Radioactive substances 2 3,45

Radioactive isotopes 7 6

Half-life 8 9

Radioactive decay 11 10 12

Radiation 13, 14

Fission and fusion 15, llg 18, 17

Nuclear plants in the world and in Turkey 20, 21 22
Working principle of nuclear plants 23 24, 28 27
Advantages and disadvantages of nuclear 2530

plants '

Effects of nuclear plants on human health 26 29
and nature

Total number of questions 13 12 2 3
Percentile 43 40 7 10

First, the exploratory factor analysis (EFA) was conducted to establish the construct

validity of the knowledge test. While determining the questions to be kept in the test as a
result of the EFA, the following criteria were observed. Eigenvalues should be at least 1,
loading values should be at least .30 (Martin and Newel, 2004), questions’ should be located
in one factor and there should be at least .10 difference between the factors located in two
factors (Buyukozturk, 2007). Moreover, Orthogonal Varimax was used in EFA. In social
sciences, this method is preferred in factor rotation (Cokluk, Sekercioglu and Buyukozturk,
2010). As a result of the EFA, the KMO was found to be .902 and the Barlett test was found
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to be significant at the level of p < .001. As a result of the EFA, a four-factor construct
explaining 56.985% of the total variance was obtained.

Table 4. The Factor Structure of the Knowledge Test

Factors and Factor Loadings

L Working principle | Effects on human
Questions R(igtlolfgé't\élrt)y N(uzcnlf a;;crgg;y of a nuclear plant | health and nature

(3" Factor) (4" Factor)

1-2-3-4-5-6-7-8-9-10-11-12 0.59-0.74
13-14-15-16-17-18-19 0.36- 0.77
23-24-27-28 0.43- 0.68
20-21-22-25-26-29-30 0.31-0.82
. 18.523% 13.142% 12.804% 12.516%
Total variance _
Total variance : 56.985%

As can be seen in Table 4, there is a four-factor construct explaining 56.985% of the
total variance. In multi-factor designs, when the variance explained is between 40% and 60%,
it is considered to be sufficient (Tavsancil, 2006).

Model fitness of the question-factor construct obtained from EFA analysis was tested
through confirmatory factor analysis (CFA). There are several fit indices used to justify the
adequacy of the model tested through CFA. In the present study, the DFA, Chi-Square
Goodness, GFI (Goodness of Fit Index), AGFI (Adjusted Goodness of Fit Index), CFI
(Comparative Fit Index), NNFI (Non-Normed Fit Index), IFI (Incremental Fit Index) and
RMSEA (Root Mean Square Error of Approximation) fitness indices were investigated. A
fitness value of 0.90 is considered to be acceptable for GFI, AGFI, CFl, NNFI and IFI indices
and a perfect fitness value is considered to be 0.95 (Simsek, 2009). For RMSEA, 0.08 is set to
be acceptable fitness and 0.05 is set to be perfect fitness value (Thompson, 2004). In CFA,
fitness indices of the four-factor model were investigated. The data for CFA are shown in
Figure 2.
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Figure 2. The Results of the Confirmatory Factor Analysis of the Knowledge Test
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When Figure 2 is examined, it is seen that the fit indices of the knowledge test
consisting of 30 questions and 4 factors are significant (X°=863.76, sd=399, p = .000,
X?/sd=2.16). Fitness index values were found to be as follows: RMSEA= .051, GFI= .93,
AGFI= .89, CFI= .97, NNFI= .96, and IFI=.95. As CFA analysis shows that the model has a
good fitness, no modification was made to the questions. Therefore, it can be argued that four
factors revealed by the exploratory factor analysis (Radioactivity, nuclear energy, working
principle of a nuclear plant and effects on human health and nature) were justified through
the confirmatory factor analysis.

Within the context of the reliability of the test, the Kuder-Richardson 20 (KR-20) and
two-tier reliability calculation method were employed (Table 5).

Table 5. Internal Consistency Reliability Coefficients of the Knowledge Test

Internal Radioactivit Nuclear Working principle | Effects on human
consistency (1 Factor)y ednergy ofda plant healthhand nature
ni ( t
(Reliability) (2™ factor) (3" Factor) (4™ Factor)
KR-20 .92 .86 81 .87
Two-tier .90 85 83 87
reliability

KR-20 and two-tier reliability coefficients found for the knowledge test are .86 and .85,
respectively. These values show that the knowledge test has a highly reliable construct
(Ozdamar, 2002).

DISCUSSION and CONCLUSIONS

In the present study, a conceptual understanding test and knowledge test on nuclear
issues, especially on nuclear energy and nuclear plants were developed for the pre-service
science teachers. The conceptual understanding test evaluates basic concepts that can be used
in socio-scientific discussions and interpretations about nuclear energy and nuclear plants by
the pre-service science teachers. The knowledge test, on the other hand, includes questions to
evaluate the knowledge about nuclear energy and nuclear plants possessed by the pre-service
teachers.

In order to develop the conceptual understanding test, 15 questions were developed for
the first draft of the test and then corrections were made on the questions based on expert
opinions. Then the test was administered to pre-service science teachers, and based on the
data obtained from this piloting, item analyses were conducted. In line with the obtained item
discrimination and difficulty indices, questions having low indices were discarded from the
test. Then, exploratory factor analysis was conducted to check the construct validity and
factor structures of the test. According to the results of this analysis, a three-factor construct
explained 46.358% of the total variance. Hence, the conceptual structure was subsumed under
three headings: Radioactivity, environmental impacts and nuclear reactions. The factor
structure of the conceptual understanding test was tested by confirmatory factor analysis. The
fit indices obtained through the confirmatory factor analysis were found to be significant and
the model showed a good fit. Within the framework of the reliability analyses of the
conceptual understanding test, the Cronbach’s alpha (a) coefficient was found to be .775 for
the whole test.

The first draft of the knowledge test was developed to include 34 questions and after
item analyses and expert opinions were considered, some questions were corrected or
discarded from the test. Following this, exploratory factor analysis of the test was conducted
and sub-factors were determined. Thus, it was found that the knowledge test has a four-factor
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structure explaining 56.985% of the total variance. The structure obtained by exploratory
factor analysis was tested in terms of fitness through confirmatory factor analysis. As a result
of the exploratory and confirmatory factor analyses, the test model including 30 questions that
can be grouped under four factors was found to be statistically suitable. These sub-factors are
radioactivity, nuclear energy, working principle of a nuclear plant and effects on human
health and nature. The KR-20 and two-tier reliability coefficients calculated for the reliability
of the knowledge test were found to be .86 and .85, respectively.

In conclusion, it can be argued that the conceptual understanding test and the
knowledge test developed in the present study to ensure that pre-service science teachers’
conceptual understanding and knowledge level about nuclear issues are sufficiently reliable
and valid. Therefore, it is believed that these tests can be used to evaluate the conceptual
understanding and knowledge level of pre-service science teachers about nuclear energy and
nuclear plants and they can yield reliable and valid results. Moreover, based on data obtained
from a pre-test, instruction can be planned to reduce or eliminate the misconceptions and
knowledge deficiencies of students. Critical evaluation of any knowledge requires
understanding and internalization of the related basic concepts. Therefore, a holistic
measurement that covers a conceptual understanding test and a knowledge test could be
helpful to completely understand what the pre-service science teachers know about nuclear
issues.
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OZET

Bu calisma bir konu, tema ya da ¢aligma alani hakkindaki benzer galigsmalarin belirli 6l¢iitler altinda
gruplanip, bu ¢aligmalara ait nicel bulgularin birlestirilerek yorumlanmasi olarak tanimlanan meta-analiz
yontemiyle, son 10 yilda yapilan ilgili c¢alismalarin sonuglarini degerlendirerek, bilgisayar destekli
dgretimin (BDO) 6grenci akademik basarisina nasil bir etkisi oldugunu arastirmaktadir. Bu amag
dogrultusunda ii¢ soruya yanit aranmaktadir: Tiirkiye’de yapilan caligmalarda BDO siiregelen &gretime
(SO) gore dgrenci akademik bagarisini nasil etkilemistir? Akademik basariyr artirmak igin hangi BDO
yontemleri kullanilmistir? Tiirkiye ve diger iilkelerdeki BDO etkilerini inceleyen caligmalar arasindaki
benzerlikler ve farkliliklar nelerdir? Bu ii¢ arastirma sorusunu cevaplamak i¢in ERIC (2013), Google
Scholar (2013) ve Ulakbim (2013) veri tabanlarinda iliskili makaleler taranmistir. Calismanin analizinde
Hedges ve Olkin’s (1985) ve Thalheimer ve Cook’s (2002) etki katsayisi hesaplama formiilleri
kullamlmugtir. Gerekli analizler sonucunda Tiirkiye’de yapilan calismalarda BDO’niin SO’ye gore
oldukca basart oldugu; ayrica hesaplanan etki katsayilarinin, diger iilkelere gore oldukga yiiksek oldugu
sonucuna ulasilmistir.

Anahtar Kelimeler: BDO Degerlendirmesi; Bilgisayar Destekli Egitim; Meta-Analiz.

GIRIS

Bilim ve teknolojideki hizli gelismeler yasamin her alanini oldugu gibi egitim sistemini
de etkilemekte ve degistirmektedir. Teknolojinin egitimi etkilemesine yol agan en Onemli
araglardan birisi siiphesiz ki bilgisayardir. Davranis¢1 yaklasimin onciilerinden Skinner (1954)
tarafindan gelistirilen Ogrenme makineleri, gelistirilerek hazirlanan bilgisayarli egitim
ortamlari, ilk olarak 1960’11 yillarda kullanilmaya baslanmistir (Morrell, 1992). Bu yillardan
sonra bilgisayarlar, Ogretmenlerin G6gretim stratejilerini ve Ogrencilerin deneyimlerini
artirmasi nedeniyle giderek vazgecilmez bir ara¢ olarak kabul edilmistir (Owusu, Monney,
Appiah, & Wilmot, 2010). Egitimde bilgisayarlarin kullanimi bir¢ok farkli tanimlamayla
adlandirilmasina ragmen, genel olarak bilgisayarlarin egitimde kullanilmalari, bilgisayar ile

ogrenme ve bilgisayar destekli 6grenme olmak iizere iki ana baslikta ele alinmaktadir (Bybee,
Poewll, & Trowbridge, 2008).
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Bilgisayar ile 6grenme, Ogrencinin ev O6devi yazmasi, interneti kullanarak bilgiye
ulagmasi, cesitli yazilimlar1 kullanarak hesap yapmasi gibi bilgisayarin 6grenimde yardime1
bir arag olarak kullanilmasii i¢cermektedir (Ornstein & Levine, 1993; Owusu et.al., 2010;
Thomas, 2001). Buna karsin bilgisayar destekli 6grenme, bilgisayarin bir dgretici olarak
dogrudan 6grenciye sunulmasi olarak tanimlanmaktadir (Ornstein & Levine, 1993; Soe, Koki,
& Chang, 2000). Ozel dgretici, uygulamay: gdsterip alistirmay1 yaptirmasi ve simiilasyonlarla
olay1 canlandirmasi 6zelliklerinden en az birini iceren bu yontem, davranis¢1 yaklasimdan
uzaklagilarak giderek yapilandirmaci yaklagimin benimsenmesinde onemli bir rol almistir
(Dinger, 2006). BDO’lerin yapilandirmaci yaklasima uygun hale gelmesindeki en biiyiik
etkenin, simiilasyon teknigi kullanilarak 6grenci ile etkilesimi arttirmasi oldugu kabul
edilmektedir (Owusu et.al., 2010).

Ogretimde icerigin saglanmasi igin bilgisayarlarin kullanilmasi olarak tanimlanan
BDO’ler, ABD’de 50 yildan daha fazladir kullanilmaktadir (Chalmers, 2000; Liao, 2007).
ABD’deki kullaniminin ardindan BDO giderek énem kazanarak, gelismis iilkelerde basta
olmak {izere tiim diinyada hizlica yayilmaya baslamistir. ABD’de 2005 yilina kadar okullarin
hemen hemen hepsine bilgisayar ve internet erisimi saglanmasina ragmen (Wells & Lewis,
2006), ekonomik nedenlerden dolayr Afrika gibi iiclincli diinya iilkelerinde bilgisayar ve
internet erisimi yok denecek kadar azdir (New Partnership for Africa’s Development
(NEPADs), 2001).Tiirkiye gibi gelismekte olan iilkelerde ise bu erisim orami giderek
artmaktadir.

Tiirkiye’deki BDO calismalarinin etkisini arastirmak icin dncelikle Tiirk Egitim Sistemi
ile bilgisayar kullanimimin iligkisi incelenmelidir. ilk olarak 1967 yilinda iiniversitelerde
Ogretimine baslanilan bilgisayar dersleri (Keser, 1988), ortadgretimde Bilgisayar Egitimi
Ihtisas Komisyonu’nun onerileri dogrultusunda, 1985-1986 6gretim yilindan itibaren orta
Ogretim programlarinda se¢meli ders olarak verilmesi planlanmistir (Keser & Teker, 2011);
ancak bu uygulamaya 1987 yilinda gegilebilmistir. 1987 ile 1998 yillar1 arasinda bilgisayar
okuryazarlik seviyelerinin diisiik olmasi, bilgisayar ve internet erisiminin maliyetli olmasi
gibi nedenlerden dolay1 bilgisayarlar, egitimde verimli bir sekilde kullanilamamistir. Kisisel
bilgisayarin ve internet erisiminin yayginlagsmasi ile 1998 yilindan itibaren iiniversitelerde
bilgisayar destekli egitimler verilmeye baslanmistir.

Milli Egitim Bakanligi Talim ve Terbiye Kurulu tarafindan 6gretim programlarinin
gelistirilmesine  yonelik calismalar kapsaminda, 2008 yilindan itibaren ilkogretim
programlarinda “Bilisim Teknolojileri” dersinin dordiincii ve sekizinci siniflar arasinda
segmeli ders olarak 6gretim programlarinda yer almasina karar verilmistir. Tiirk Egitim
Sistemi’nde bilgisayar okuryazarliginin artirilmasi, BDO gelisimine &nciiliik etmistir. 1k
Tiirk egitim yazilimlar1 1990’11 yillarda piyasaya siiriilmesine ragmen, 6zellikle 2008 yilindan
sonra birgok 6zel firma BDO yazilimlar gelistirerek, bilgisayarlarin egitim ortamlarinda aktif
olarak kullanilmasina olanak saglamistir. 2010 yilindan itibaren bilgisayar derslerinin sadece
yedinci ve sekizinci siifta se¢meli olarak verilme kararindan sonra bilgisayar okuryazarligi
ve BDO yazilimlarini etkin bir bigimde kullanilamayacag: goriisii 6ne ¢ikmustir. Bu goriis
sonrasinda bilgisayar okuryazarligim1 temel alan derslerin tekrar programa zorunlu ders
biciminde dahil edilme karar1 alinmis olsa da bu konu ile ilgili diizenleme2014 yilinda
yapilmistir.

Son olarak 2010 yilinda, “FATIH Projesi* olarak adlandirilan “Firsatlar1 Artirma ve
Teknolojiyi lyilestirme Hareketi Projesi” kapsaminda, Tiirkiye’deki tiim okullarin bilgisayar
destekli egitime gecirilmesi hedeflenmistir. Bu proje ile tiim smiflar, akilli siif olarak
tasarlanarak, Ogrencilere dagitilan tablet bilgisayarlar ile derslerin desteklenmesine karar
verilmistir. Bu proje ile Ogrencilerin, okul disinda egitim yazilimlarina ulagmalarini
saglayacak bir nesne havuzu olusturulmasi planlanmastir.
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Tiirkiye’de ve Diinya’da BDO’lerin akademik basariya, tutuma, motivasyona vb.
degiskenlere etkilerini arastiran bir¢ok calisma bulunmaktadir. Bu ¢alismalarin biiyiik bir
cogunlugu (Ivers & Barron, 1998; Kausar, Choudhry, & Gujjar; 2008; Kulik & Bangert-
Drowns, 1983; Tirosh, Tirosh, Graeber, & Wilson, 1990) BDO’lerin SO’ye gore daha basarili
oldugunu belirtmesine ragmen, BDO’ler ve SO’ler arasinda sinirli sayida ¢alismada (Danley
& Baker, 1988; Ornstein & Levine, 1993) istatistiki acidan anlamli bir farka rastlanmamistir
ya da ¢ok kiiciik bir etkiye-farka ulasilmistir (Bayraktar, 2001). BDO’lerin SO’ye gére
etkisini arastiran bircok calismaya ek olarak literatirde SO ile BDO’niin aym anda
kullanildig1 ¢alismalara da ulagilmistir. Bir¢ok arastirmaci tarafindan 6grenci basarisini en
fazla artiran yontemin, SO ile BDO ile birlikte kullanilmas1 olarak belirtilmistir (Akour, 2008;
Basturk, 2005; Ornstein & Levine, 1993; Tabassum, 2004).

Bu c¢alisma deneysel ¢aligmalarin sistematik bir gézden gegirilmesi olarak tanimlanan
meta-analiz yontemi ile son 10 yilda yapilan bilgisayar destekli 6gretimin, 6grenmeye
katkisin1 inceleyen ¢alismalarin, etkisini arastirmaktadir. Bu amag¢ dogrultusunda ii¢ soruya
yanit aranmaktadir:

v Tiirkiye’de yapilan ¢alismalarda bilgisayar destekli 6gretim (BDO) siiregelen dgretime
(SO) gore dgrencilerin akademik basarisina nasil bir etki gdstermistir?

v' Akademik basariy: artirmak igin hangi BDO yéntemleri kullanilmigtir?

v’ Tiirkiye ve diger iilkelerdeki BDO etkilerini inceleyen calismalar arasindaki
benzerlikler ve farkliliklar nelerdir?

YONTEM
a) Calismanin Yontemi

Calismanin yontemi olarak goriis anketleri, iliskisel ¢alismalar, deneysel, yar1 deneysel
caligmalar ve regresyon analizleri gibi bir¢ok tipte arastirma bulgularini nicel tekniklerle
yordayan, analizlerin analizi olarak adlandirilan meta-analiz yontemi kullanilmistir. Meta-
analiz ile ilgili bir tanim Dinger (2014) tarafindan “bir konu, tema ya da ¢alisma alam
hakkindaki benzer calismalarin belirli 6lgiitler altinda gruplanip, bu calismalara ait nicel
bulgularin birlestirilerek yorumlanmasi” seklinde ifade edilmistir.

Bu yontem, daha Onceden yapilan deneysel c¢alisma sonucglarim1 ele alarak
arastirmacilara nicel veriler sunmakta; tiim g¢alismalarin sonuglarini birlestirerek genel bir
sonu¢ ortaya cikmasini saglamaktadir. Bir alandaki birden c¢ok calismanin sonuglarinin
birlestirilerek incelenmesi, benzer sonucglara wulasan diger ¢alismalarin gecerliligini
arttirabilmesi, meta-analiz calismalarinin en onemli 6zelligi olarak ele alinabilmektedir
(Abramson & Abramson, 2001; Saglam & Yiiksel, 2007). Bu ifadeye ek olarak meta-analiz
calismalari, arastirmalarda elde edilen sonuglarin tesadiifi olup olmadigi hakkinda da
arastirmacilara yon gostermektedir. Son olarak meta-analiz ¢alismalari ile bir konu hakkinda
yapilan c¢aligmalarin Orneklem biiyiikliigli arttirabilir; boylelikle ¢aligmanin istatistiksel
anlamlilik diizeyi artarak sonuglar hakkinda daha net bir ifadeye ulagsmay1 saglayabilmektedir
(Dinger, 2014; Saglam & Yiiksel, 2007).

Bircok olumlu yani olmasma ragmen, meta-analiz ¢aligmalar1 hakkinda bazi
arastirmacilar olumsuz goriis bildirmektedir. Bu olumsuz goriislerin basinda farkh
yontemlerin, islemlerin ve degiskenlerin ya da farkli durumlarda toplanan verilerin bir araya
getirilmesinin yanlis bir yaklasim olarak goriilmesidir (Eysenck, 1978; 1984; Saglam &
Yiiksel, 2007).

Olumsuz yanlar belirtilmesine ragmen meta-analiz ¢aligmalari, gerek literatiir taramasi
gerekse de ayni alanda yapilan g¢alismalarin gecerlili§inin saptanmasi agisindan oldukca
onemlidir. Bu nedenle belirli zaman araliklarinda, belirlenen alanda meta-analiz ¢alismalari
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yapilmasinin yararli oldugu diisiiniilmektedir. Genel cercevede belirli bir kurali olmamasina
ragmen meta-analiz c¢aligmalarinin basamaklari: Amacin belirlenmesi; hipotez/arastirma
sorusunun belirlenmesi; calismaya dahil edilecek Olgiitlerin belirlenmesi; ilgili literatiiriin
taranmasi; belirlenen calismalarin kodlanmasi; verilerin analizi; yorum/raporlama; olarak
kabul edilmektedir (Chambers, 2004; Dinger, 2014; Hamer & Simpson; 2002).

b) Verilerin Toplamasi

Aragtirma sorularina cevap verebilmek i¢in ilgili konu ile iligkili makaleler, ulusal ve
uluslararas1 alandaki tiim makalelere erisimi en iyi sekilde saglayan ii¢ veri tabaninda
taranmustir: ERIC (2013), Google Scholar (2013) ve Ulakbim (2013). Belirtilen veri tabanlari
ilk olarak 15 Kasim 2012 tarihinde taranmig; 03 Ocak 2013 tarihinde tekrar taranarak gerekli
kontroller  yapilmistir. Makaleler “BDO  degerlendirmesi”, “bilgisayar  destekli
Ogretim/6grenme” ve “bilgisayar tabanli/temelli Ogretim/6grenme” anahtar kelimeleri
kullanilarak taranmistir. Bulunan ¢alismalar son 10 yilda (2003-2012) ve hakemli dergilerde
yayimlanma kriterine gore siniflandirilarak analize dahil edilmistir. Bu smiflamaya gore
sempozyum, kongre vb. bilimsel etkinliklerde sunulan bildirilere ¢alismada yer verilmemistir.
Bulunan 108 adet makale iginden deneysel ¢alismalara odaklanilarak &zellikle 6n-son test
uygulanan ve gruplar arasinda karsilagtirma yapilan makaleler, ilgili ¢alisma icin seg¢ilmistir.
Meta-analiz ¢aligmalar1 i¢in gerekli olan degiskenlere (n, X, t, F, ss, vb.) sahip olmayan
calismalar elenmistir. Sonug olarak belirlenen se¢im 6zelliklerine gore ¢alismaya 26 makale
dahil edilmistir.

c¢) Verilerin Analizi

Calismanin istatistigi i¢in etki biiyiikligli (EB) hesaplanmistir. Bu etki biiyiikliikleri
Thalheimer ve Cook (2002) tarafindan onerilen Cohen’s d ve Hedges ve Olkin (1985)
tarafindan Onerilen Hedges’ ¢ hesaplamasina gore hesaplanmistir. Calismalarin etkisi
siniflandirilirken, 6l¢egin genis olmasi nedeniyle Thalheimer ve Cook (2002) tarafindan
asagida belirtilen diizey smiflamasina yer verilirken, genel EB (etki biytikligl) ve
homojenlik testi icin Hedges’ g kullanilmistir.

. Etki biytikligi < 0.15 Oonemsiz diizeyde

+ 0.15 < Etki biiytikligii < 0.40 kiigtik diizeyde

* 0.40 < Etki biytikligi < 0.75 orta diizeyde

+ 0.75 < Etki biiytikligii < 1.10 genis diizeyde

» 1.10 < Etki biiyiikligii < 1.45 cok genis diizeyde

+ 1.45 < Etki biiytikligii miitkemmel diizeyde

Bir makalede etki biiyiikliikleri hesaplanmis olmasimna ragmen, diger makalelerle
tutarlilik gosterilmesi i¢in ayrica Hedges’ g katsayis1 tekrar hesaplanmis, teknik farliligindan
dolay1 0.02 ile 0.10 oraninda degisim tespit edilmistir. Ancak bu oranlarin kiiclik olmasindan
ve arastirmanin dogasini etkilemeyeceginden, degisim dikkate alinmamustir. Kullanilan
hesaplama formiilleri Tablo 1’ de gdsterilmistir.
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Tablo 1. Etki Biiyiikliikleri Hesaplama Formiilleri.

gt % S _ | = 1)si + (n, — 1)s?
Cohen’s d Spooted pocted (m +n) s = standart sapma
onens n +n n+n n = drneklem sayisi
d=t ( : ‘)( L ) t = t-testi
nne /\ng+n, —2 X = aritmetik
ortalama
_ Ds? + 152 t: deney grubu
Hedges’ g g=2t"% S pooted = (. — Ds; + (e — Ds¢ c: kontrol grubu
Spooled (nt +n,— 2)
BULGULAR ve YORUMLAR

Tiirkiye’de BDO ile yapilan galigmalarmn etkilerini incelemek igin etki biiyiikliikleri
(EB) hem Cohen’s d hem de Hedges’ g ile hesaplanmis, sonuglar Tablo 2’de gosterilmistir.
Arastirmaya dahil edilen 26 calismanin toplam katilimci sayist 1669 olarak hesaplanmistir.
Bu calismalarin hepsinin etki biiyiikliiklerinin pozitif ve BDO gruplarmin lehine bir sonuca
ulastig1 tespit edilmistir. Hesaplanan etki biiyiikliikleri 0.34 ile 2.66 (Hedges’ g’sine gore)
arasinda oldugu tespit edilmistir.

Tablo 1. Meta-Analiz Calismas: Etki Katsayilar: ve Calisma Ozetleri.

Yazar (yayin yih) Disiplin Kavramsal Konu Teknik n  Cohen’s d Hedges’ g
Akgay vd. (2005) Biyoloji Bitkiler 1-2 50 0.69 0.66
Akgay vd. (2007) Kimya Radyoaktivite 1 100 1.16 1.14
Akgiin (2005) Kimya Tepkimeler 1-2 37 0.52 0.5
Aktiimen vd. (2003)  Matematik 4 islem 1 24 0.98 0.9
Atam vd. (2010) Fizik Is1 3 72 0.71 0.69
Aykanat vd. (2005) Biyoloji Hiicre 1 92 1.79 1.76
Baltaci vd. (2011) Bilgisayar ~ Hesaplamalar 1-2 86 0.34 0.34
Bozkurt vd. (2008) Fizik Elektronik 3 85 2.48 243
Dagdemir vd. (2012)  Fizik Hareket 3 37 1.96 1.86
Efe vd. (2006) Biyoloji Ureme 1 90 1.79 1.75
Gtines vd. (2010) Biyoloji Hiicre 1-2 88 2.71 2.66
Giiven vd. (2012) Kimya Madde 1 63 1.8 1.75
Hanger vd. (2009) Fizik Hareket 1 58 2.02 1.95
Kara vd. (2007) Biyoloji Hiicre 1 48 1.55 1.49
Kiraz (2006) Biyoloji Hiicre 2 46 1.01 0.97
Korkmaz vd. (2012)  Fizik --- 3 67 0.15 0.15
Morgil vd. (2004) Kimya fyon 1-3 84 1.29 1.26
Pektas vd. (2009) Fizik Isik 3 78 1.14 111
Pektas vd. (2006) Biyoloji Bosaltim Sistemi 1 42 0.72 0.69
Saka vd. (2005) Fizik Madde 1 44 1.57 15
Sel¢ik vd. (2011) Matematik ~ Geometri 1-3 32 143 1.35
Siinbiil vd. (2002) Fen 1 60 0.6 0.58
San (2010) Fizik 3 61 0.9 0.88
Tase1 vd. (2008) Biyoloji Hiicre 3 58 0.98 0.95
Yakigkan vd. (2009)  Biyoloji Hiicre 3 97 2.46 241
Yenice vd. (2003) Biyoloji Genetik 1 70 1.05 1.03

* 1: Ozel 6gretici; 2: Gosterip yaptirma; 3: Simiilasyon

Meta-analitik yontemler normalligi kabul etmektedir. Grafik 1° de gosterilen etki
bliytikliiklerinin x=y dogrusu boyunca ve giliven araliklar1 olmasi1 dagilimin normal oldugunu
gostermektedir. Dagilimin normal olmasi, ¢alisma verilerinin toplam etki biiyiikliigiiniin
hesaplanmasinda kullanilabilecegini gostermektedir (Rosenberg, Adams, & Gurevitch, 2000).
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Grafik 1. Etki biiyii/;liiklerinin genel dagilimi.

Elde edilen etki biiytikliikleri sabit etkiler modeline gore % 95°lik giiven araliginin 1.01
ile 1.23 smirlar arasinda, genel etki biyiikligii degerinin 1.11 oldugu belirlenmistir. Bu
sonu¢ Tiirkiye’de BDO yéntemi ile yapilan calismalarin SO yontemine gore akademik
basariy1 arttirma agisindan daha basarili oldugunu ve etki biiyiikliigii agisindan ¢ok genis bir
diizeyde etkisi oldugunu gostermektedir. Ancak caligmalarin Q istatistigine bakilarak
homojenliginin sorgulanmasi, buna goére normal dagilim oldugunun kabul edilmesi ve sonug
olarak buna gore hangi etki modelinin kullanilmas1 gerektigine karar verilmesi gerekmektedir.

Homojenlik testi i¢in Q= 146.084 bulunmustur. > kritik deger aralig1 tablosundan % 95
anlamlilik diizeyinde 25 serbestlik derecesi degeri i¢in Q= 46.928 olmasi, etki biiytkligii
dagiliminin heterojen oldugu gostermektedir. Bu nedenle calismada rastgele etkiler modeli
kullanilarak genel etki tekrar hesaplanmis, genel etki biyiikligii % 95’lik giiven araliginin
1.10 ile 1.33 sinirlar1 arasinda, 1.21 olarak bulunmustur.

Tiirkiye’de yapilan BDO ¢alismalar1 konularina gore incelendiginde, ¢alismalarin genel
olarak fen egitiminde yapildig1 goriilmektedir. Bu ¢alismalar alt bilim dallarinda
incelendiginde en fazla ¢alismanin biyoloji (% 38.46) ve fizik (% 30.77) alaninda yapildig:
dikkati ¢ekmektedir. Alanlarma gore BDO etkilerinin belirlenmesi igin alanlar
simiflandirilarak etki katsayilar1 tekrar hesaplanmis, bu siniflandirmaya gore etki biiyiikleri
Grafik 2’de gosterilmistir.

Grafik 2. Calisma alanlarina g(')';fe etki biiyiikliikleri ve giiven araliklar1.
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Grafik 2’de de goriildiigii gibi calismaya dahil edilen 26 aragtirmanin % 38.46°si
biyoloji (n=10), % 30.77’si fizik (n=8), % 19.23’1 kimya (n=5), % 7.69’u matematik (n=2),
% 3.85’1 bilgisayar (n=1) alaninda yapilmistir. Alanlara gore genel etki biiyiikliikleri ve
homojenlik testi i¢in yapilan sonuglar Tablo 3’de gosterilmistir.

Tablo 3. Alanlara Gére Etki Katsayist ve Homojenlik Test Sonuglar.

Alan n EB Q df 95% ClI y? kritik deger arahg
Biyoloji 10 1.48 54.465 9 1.275-1.674 23.589
Fizik 9 1.10 56.317 8 0.884 - 1.312 21.955
Kimya 4 1.20 7.964 3 0.771 -1.619 12.838
Matematik 2 1.15 0.599 1 -2.531 - 4.823 7.879
Bilgisayar 1 Caligma sayisi az oldugu i¢in hesaplanamamistir

Alanlara gore tekrar hesaplanan etki katsayilar1 incelendiginde biyoloji alani ile ilgili
BDO’niin diger alanlardaki BDO’ye gore daha etkili oldugu sonucuna ulasilmustir. y? kritik
deger aralig1 tablosundan % 95 anlamlilik diizeyinde ¢aligmalar incelendiginde biyoloji, fizik
alaninda yapilan c¢alismalarin heterojen oldugu; kimya ve matematik alanlarinda yapilan
calismalarin homojen oldugu tespit edilmistir.

Tiirkiye’de BDO ile yapilan galismalarda kullanilan ydntemler incelendiginde, genel
olarak ¢alismalarda 6zel 6gretici kullanildigi tespit edilmistir. Bunun yani sira ¢aligmalarda
simiilasyonlarin kullanildigi ve sadece bir g¢alismada uygulamayi gosterme, alistirmay1
yaptirma yonteminin kullanildigir belirlenmistir. Calismalarin hepsinde kontrol ve deney
grubu ile deneysel calisma yapildigi; analizler igin genel olarak t-testi ve ANOVA
tekniklerinin kullanildig1 tespit edilmistir. Ozellikle ¢alismaya dahil edilmeyen, elenen
caligmalarda istatistiki yontem hatalar1 yapildigi dikkati ¢ekmistir. Bu hatalarin basinda
kontrol ve deney gruplarinin 6n-son test sonuclari gruplar arasinda karsilagtirilmadigi,
eslestirilmis t-testi ile gruplarin kendi iclerinde test edildigi belirlenmistir.

TARTISMA VE SONUC

Gelismis iilkelerde uzunca bir siiredir kullanilan BDO, Tiirkiye’de 1990’1 yillarm ilk
yarisinda kullanilmaya baglamasina ragmen, aktif olarak ancak 2000’li yillarin basinda
kullanilmaya baslanmistir. 2010 yilindan itibaren FATIH Projesi baslatilarak, tiim okullarda
BDO ile egitim verilmesi hedeflenmistir.

Son 10 yillik zaman diliminde Tiirkiye’de BDO ile yapilan calismalarin etkisini
arastiran bu calismanin sonucunda; incelenen ¢aligmalarin biiyilik bir ¢ogunlugunun (n= 10; %
38.46) mitkemmel diizeyde bir etki katsayisi olmasi ve genel etki biiyiikliiklerinin ¢ok genis
bir diizeyde etki etmesi nedeniyle, Tiirkiye’de yapilan BDO’lerin SO’ye gore daha etkili
oldugu sonucuna ulasilmistir. Diger bir deyisle, Tiirkiye’de yapilan BDO’ler, SO’ye gore
ortalama 1.21 standart sapma kadar daha basarilidir. Bu sonug¢ Yesilyurt (2011) tarafindan
yapilan caligma ile ortiismektedir. Hem bu calismanin hem de Liao (2007) tarafindan yapilan
caligmalarin sonuglar1 incelendiginde Ogretmenlere derslerinde saglanan teknolojilerin,
Ogretime olumlu bir etkide bulundugu goriilmektedir. Bu sonucu destekleyici baska
calismalar olmasma ragmen (de Jong & van Joolingen, 1998; de Jong, Martin, Zamarro,
Esquembre, Swaak, & van Joolingen, 1999; Trey & Khan, 2008), Clark (1983) tarafindan
yapilan ¢alismalarin sonuglart ile ortiismemektedir. Clark (1983), medyanin sadece 6grenme
lizerinde tek basina etkisinin olmadigini, zellikle kullanilan yéntemin BDO’ler ile diizgiin bir
sekilde entegre edilerek yararli olabilecegini belirtmektedir (Liao, 2007).

Incelenen caligmalarin hemen hepsinde BDO’niin 6grencilerin motivasyonlarin1 ve
tutumlarini arttirdigt sonucu bircok calismayla desteklenmektedir. Ancak Smith (1968)
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tarafindan belirtilen motivasyonlarin, tutumlarin ¢ok kisa zaman araliginda olusamayacagi
ifadesinden yola ¢ikilarak BDO’lere kars1 6zellikle tutumun incelenmesinin ayni gruplarla
zamana yayarak yapilmasi &nem tasimaktadir. Ogrenenlere sunulan yeniliklerin (arag,
yontem, vb.) genel olarak dikkati ¢ekmesi ve bu nedenle tutumda olumlu bir etki
gostermesine ragmen, zamanla bu yeniliklerin siradanlagmasi motivasyonun ve tutumun
azalma olasiliginin bulundugu unutulmamalidir.

Calismaya dahil edilen arastirmalar alanlarma gore incelendiginde, genel olarak
caligmalarin fen bilgisi egitiminde kullanildig1 dikkati c¢ekmektedir. Etki biiyiiklikleri
siralamasinda BDO’niin biyoloji egitiminde en etkili oldugu goriilmesine ragmen, fizik
alanindaki calisma etki biiyiikliikklerinin normale daha yakin oldugu dikkati ¢ekmektedir.
Biyoloji alaninda yapilan ¢alismalarin etki biiyiiklerinin yiiksek olusu, kullanilan y6ntemle
iliskili oldugu diisiiniilmektedir. Bu calismalardaki BDO yontemleri smiflandirildiginda,
genel olarak simiilasyonlarm kullanildig1 dikkati cekmektedir. Ozellikle soyut kavramlarin
ogretiminde basarili sonug veren simiilasyon kullanimi (de Jong & van Joolingen, 1998; Trey
& Khan, 2008), 0Ogrencilerin canlandiramadiklart soyut kavramlari, somutlagtirarak
basarilarini artirdig: diistiniilmektedir.

Tiirkiye’de yapilan BDO’lerin diger iilkelerde yapilan BDO’ler ile karsilagtirmasini
yapmak icin ilgili literatiir taranmis ancak siirl sayida BDO ile ilgili meta-analiz ¢calismasina
ulasilmistir. Ornegin Bangert-Drowns, Kulik ve Kulik (1985), Kulik, Kulik, ve Bangert-
Drowns (1985) ve Kulik, Kulik, ve Cohen (1980) tarafindan ABD’de yapilan c¢alismalarda
BDO’lerin &grencilerin akademik basarilarint SO’ye gére daha olumlu etkiledigi sonucuna
ulagilmistir. Buna ek olarak Liao (2007) tarafindan Taiwan’da yapilan ¢aligmalarin meta-
analizinde BDO’lerin SO’ye gore daha etkili oldugu ve bu etkinin orta diizeyde oldugu
belirtilmistir. Bu ¢alismalara ek olarak Rutten, van Jooloingen, ve van der Veen (2012)
tarafindan simiilasyonlarin fen egitimindeki etkisini inceleyen meta-analiz calismasinin
sonuclart da bu calismanin sonuglarini desteklemektedir. Buna karsin Bayraktar (2001)
tarafindan genel bir tarama meta-analizinde, BDO’lerin kiigiik diizeyde bir etkisi oldugu
sonucuna ulagsmigtir. Tiirkiye’de yapilan ¢alismalarin etki biiytlikliikleri incelendiginde diger
lilkelerdeki galigmalara gore oldukca yiiksek ¢ikmasi dikkati gekmektedir. Ornegin Yesilyurt
(2011) tarafindan fizik alanindaki BDO arastirmalarmimn meta-analizinde, 25 ¢alismaya yer
vermis ve genel etki biiyiikliigii 3.17 olarak bulmustur. Tirkiye’de yapilan bu iki ¢alismanin
diger tiilkelere gore yiiksek bir etki katsayiya sahip olmast ve homojen bir dagilim
olmamasinin nedeni, arastirmaci tarafindan agiklanamamistir. Ayrica gliven araligr genis olan
bir caligmanin giivenilirliginin diisiik oldugu gerceginden yola ¢ikarak, calismalarin yayin
yanliligina maruz kalmis olabilecegi sonucuna ulagilmistir (Borenstein, Hedges, Higgins, &
Rothstein,2013).

Sonug olarak bu calisma sonucunda Tiirkiye’de yapilan BDO’lerin genel olarak fen
egitiminde yapildigi, ve etkisinin SO’ye gore daha yiiksek oldugu sonucuna ulasilmistir.
Oldukga popiiler olan bu konu hakkinda Tiirkiye’de yeterli calismaya ulasilamamasi Dinger
(2014) ve Ozdemirli-Capar (2011) tarafindan da belirtildigi gibi, ulusal alandaki ¢aligmalara
yeterince ulagilamamasi olarak degerlendirilmistir. Bu sinirliligin nedenleri: Bir¢ok derginin
hicbir indekste taranmamasi, dokiiman halinde ulasilabilmesine ragmen sayfa baslarinda
tanitict  yayin bilgisinin/kiinyesinin  olmamasi nedeniyle, makale-bildiri ayriminin
yapilamamasi olarak iki baglikta siniflandirilmistir. Bu nedenle akademik dergilerin tanitim
yazilarii/kiinyelerini makale baslarina eklemeleri ve daha genis ulusal bir veri tabaninin
hazirlanmasinin yararli olacagi diistiniilmektedir. Bu konuda yapilan c¢aligmalarda etki
katsayis1 hesaplanmasinda gerekli olan istatistiki verilerin (X, n, SS, t, F, MSE vb.) eksik
verilmesi, meta-analizi zorlastirdig1 i¢in c¢alismalarda eksiksiz olarak verilmesi; gelecek
caligmalar i¢in ilgili konunun tezler boyutunda tekrar incelenmesi, 6zellikle kullanilan
teknikler ile siniflandirma yapilarak karsilastirilmas: dnerilmektedir.
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SYNOPSIS
INTRODUCTION

Rapid developments in science and technology has been influencing and changing
education systems as well as many other areas. Undoubtedly, computer is one of the most
influential tools for technology to affect education. The learning machines first developed by
Skinner, one of the leading figures in behaviorism, were first put into use in classes in 1960°s
(Morell, 1992). Following this advent, computers has increasingly been utilized to maximize
teachers’ strategies and students’ experiences and thus become an indispensable tool (Owusu,
Monney, Appiah, & Wilmot, 2010). Although the use of computers in education has been
called with various terms, on general terms, the use of computers in education is divided into
learning with computers and learning through computers (Bybee, Poewll, & Trowbridge,
2008).

Learning with computers involves using computers as a tool to do homework, access
information through internet, make calculations with the use of various software (Ornstein &
Levine, 1993; Owusu et. al. 2010; Thomas, 2001). Despite learning through computers is
defined, computers have been mis-conceptualized as a teacher for students (Ornstein &
Levine, 1993; Soe, Koki, & Chang, 2000). In time, this method, using at least one of the
following tutorials, drill & practice, simulations has significantly helped trends to grow away
from behaviorist approach and gain a constructivist approach (Dinger, 2006). The most
crucial factor for learning through computers to take a constructivist approach is considered
that this method has increased student interaction using simulation technique (Owusu et. al.
2010).

Learning through computers or computer-assisted learning (CAL), identified as use of
computers to provide content, has been in use in USA for the last 50 years (Chalmers, 2000;
Liao, 2007). Following the advent of educational use of computers in USA, CAL has first
spread to the developed countries and then the rest of the world.
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According to Wells & Lewis (2006), By 2005, nearly all schools in USA had access to
computers and internet connection while in third-world countries such as the ones in Africa,
computers and internet connection were almost non-existent (New Partnership for Africa’s
Development (NEPADs), 2001). On the other hand, the accesses to both in developing
countries such as Turkey have been gradually increasing. In order to investigate the effects of
CAL, the relationship between Turkish Education System and computer use has to be
analyzed. Started first in 1967 in universities, computer courses (Keser, 1988), were planned
to be a selective course in secondary schools starting from 1985-1986 school year by
recommendations of the Commission of Computer Education Expertise (Keser & Teker,
2011); however, it was put into practice in 1987. Between 1987 and 1998, computers were not
used effectively in education due to such problems as the low computer literacy levels, the
high costs of computer and internet access. After 1998 with the spread of personal computers
and internet access, computer assisted education started to be provided in universities.

Within the scope of studies to develop education programs by Turkish Education Board
in Ministry of Education, it was decided to offer “Information Technologies” selective course
to students between 4™ to 8" grade starting from 2008. The increase in computer literacy in
Turkish Education System has significantly helped CAL flourish. Although first Turkish
educational software was released in 1990’s, especially after 2008 many private companies
have developed CAL software and have made it possible for computers to be utilized in
classrooms. It was speculated that the amendment that computer courses would be given to
7th and 8th graders as a selective course starting from 2010, would prevent computer literacy
and CAL software to be effectively used, a study to investigate the possible outcomes of this
change worked in 2014.

Lastly, in 2010 it was aimed to exclusively equip all public schools with CAL
environment within the scope of FATIH Project (standing for “Improving Opportunities and
Developing Technologies Movement). With this project, classrooms will be designed as smart
classes and lessons will be followed using the tablet computers distributed to students. With
this project, an object pooling is designed for the students to access educational software out
of school.

PURPOSE of the RESEARCH

In Turkey and in the world, various studies have been implemented on the effects of
CAL on such variables as academic success, attitude, motivation, and so on. Although most of
these studies (lvers & Barron, 1998; Kausar, Choudhry, & Gujjar; 2008; Kulik & Bangert-
Drowns, 1983; Tirosh, Tirosh, Graeber, & Wilson, 1990) indicate that CAL is more fruitful
than traditional learning (TL) method, a limited number of studies (Danley & Baker, 1988;
Ornstein & Levine, 1993), did not indicate a significant difference between these two. In
addition to many studies on the effects of CAL in relation to TL, studies which include both
approaches to be used at the same time can be found in the literature. The best method to
increase student success was seen to be a combination of both CAL and TL (Akour, 2008;
Basturk, 2005; Ornstein & Levine, 1993; Tabassum, 2004).

This study takes a meta-analysis approach to systematically review experimental studies
of the past decade on the learning effects of computer-assisted learning. The focus is on three
questions:

v" What is the effect of computer-assisted learning (CAL) versus traditional learning

(TL) on students’ achievements in Turkey?
v" Which CAL’s methods are used in order to enhance learning processes?
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v" What are the differences and similarities of CAL’s effects between Turkey and other
countries?

METHODOLOGY

The method of the study include opinion surveys, correlational studies, experimental,
semi-experimental studies and regression analysis and the results were analyzed with meta-
analysis method, which predicts results with quantitative techniques, and is called as the
analysis of analyses. This method reaches results by first considering the results of the
previously conducted experimental studies and provides researchers with quantitative data
and thus draws a general conclusion by combining the results of all studies. Examining the
results of all the studies in a field, improving the validity of other studies with similar results
are some of the crucial features of meta-analysis (Abramson & Abramson, 2001; Saglam &
Yiiksel, 2007). In addition, meta-analysis studies provide researchers with confirmations
whether the results they gather are accidental or not. Lastly, Meta-analysis studies provide a
clearer picture for results of studies by increasing the statistical significance level of a study
(Dinger, 2014; Saglam & Yiiksel, 2007).

Despite many of its benefits, some researchers have negative opinions of meta-analysis.
A common counter-view is that data that was gathered with different methods, calculations
and variables or in different situations is not suitable (Eysenck, 1978; Eysenck, 1984; Saglam
& Yiiksel, 2007).

Although negative sides have been pointed out, meta-analysis studies is of great
importance for both literature review and pinpointing validity of studies carried out in the
same field. This is the reason it is considered that meta-analysis studies are expected to be
useful for certain time intervals and in certain fields. In general terms, there is not a rule;
however, the steps of meta-analysis are as follows: identifying the purposes, identifying the
hypothesis/research questions, identifying the criteria in the study, identifying the time
intervals of the investigations, reviewing the related literature, coding the selected studies,
analyzing the data, discussion/reporting (Chambers, 2004; Hamer & Simpson; 2002).

a) Data Collection Tools and Analysis

Related articles are searched within four databases in order to answer research
questions: ERIC (2013), Google Scholar (2013), Ulakbim (2013). The very first date of
search the mentioned databases is November 15, 2012; it is re-searched in January 03, 2013
for necessary controls. The articles are searched through using the keywords: “assessment of
CAL”, “computer-aided learning/teaching”, and “computer-assisted learning/teaching”. The
found articles are categorized with the criteria of being published in last ten years (2003-
2012) and in referred journal.

According to this categorization, the proceedings which were presented in symposiums,
congress, and scientific activities, and etc. are not included in this study. Within one-hundred
and eight found articles, it is focused on experimental studies, and specifically the studies
adapting pre-posttest design and making comparison between/among groups are selected for
this study. The studies that do not embody the variables necessary for meta-analysis (n, X, t,
F,ss, etc.) are excluded. As a result, according the selection criteria, 26 articles are included in
this study.

Effect size (Es) for statistical analysis of the study is calculated. These Ess, Cohen’s d
proposed by Thalheimer and Cook (2002) and Hedges’ g proposed by Hedges and Olkin’s
(1985) calculations, are calculated for 26 articles.

109




110

Journal of Turkish Science Education. 12(1),99-118

Thalheimer and Cook’s (2002) classification mentioned above is used due to its scale
being large while limiting the effect of studies, and Hedges’ g is used for mean Es and
homogeneity test.

. Effect size <0.15  negligible effect
0.15 < Effect size <0.40  small effect
0.40 < Effect size <0.75  medium effect
0.75 < Effect size <1.10  large effect

1.10 < Effect size <1.45  very large effect
1.45 < Effect size huge effect

Although the Es is calculated in one paper, Hedges’ g Es of it is re-calculated for being
consistent with other papers, and change between 0.02 and 0.10 is detected because of
technical differences. However, this change is not noticed due to its being too small and not
affecting the nature of the study. The used calculation formulas are seen in Table 1.

Table 1. Using Formulas for Calculating Effect Size.

X — X, (ny — 1)sZ + (n. — 1)s o
d=2t—"c Spooted = \/ : : < £ s = standard deviation

Cohen’s d Spooted (e + 1) n = number of subjects
N t=t statistic
I T
Mele /et — t refers to the treatment
group
X — X, (n, — s + (n, — 1)s? c refers to the control
Hedges’ ¢ e S = [~ t ¢ ¢ "
g Spooted pooled (n, +n, — 2) condition.
FINDINGS

Ess are calculated with both Cohen’s d and Hedges’ g in order to investigate the effect
of studies done with CAL in Turkey, and the results are shown in Table 2. The total
participants of twenty-six papers, which are included in this study, are computed as 16609. It is
found out that all articles’ Ess are positive and they result in CAL groups’ favor. The
calculated Ess of these studies is between 0.34 and 2.66 (according to Hedges’ g), and their
general Ess are computed as 1.11

Meta-analytical methods accept normality. The effect size’s being along x=y axis and
confidence intervals presented in Figure 1 show that the distribution is normal. Normal
distribution enables to use these studies’ data for calculating total effect size (Rosenberg,
Adams, & Gurevitch, 2000).

Q= 146.084 is found for homogeneity test. It is concluded that the effect size
distribution is heterogenic since freedom of degree value is Q= 46.928 at 95% significance
level in critical values of 2. According to random effect models, the obtained effect size is
between 1.10 and 1.33 limits of 95% confidence interval; average effect size is found as 1.21.
This result shows that computer assisted learning is more successful in terms of increasing
academic success as compared to general learning, and it shows that it has a large effect in
terms of an effect size.

When CAL studies are illustrated according to their scopes, it is seen that most studies
are conducted within science education. When these studies are looked more closely for sub-
branches, it is noticed that most of the studies are conducted in biology (38.46%) and physics
(30.77%). Effect sizes are re-calculated by classifying fields in order to determine the effect



Dinger, S. (2015). Tiirkiye’de Yapilan Bilgisayar Destekli Ogretimin Ogrenci Bagarisina... [5kE

of CAL according to fields, and the effect size is shown in Figure 2 according to this
classification.
Table 2. Effect Size and Summary of Studies.

Author(s) (Year) Field Topic Technique n Cohen’s d Hedges’ ¢
Akgay et al. (2005) Biology Plants 1,2 50 0.69 0.66
Akgay et al. (2007) Chemistry Radioactivity 1 100 1.16 1.14
Akgiin (2005) Chemistry Reactions 1,2 37 0.52 0.5
Aktiimen et al. (2003) Mathematics  Operations 1 24 0.98 0.9
Atam et al. (2010) Physics Thermo 3 72 0.71 0.69
Aykanat et al. (2005) Biology Cell 1 92 1.79 1.76
Baltaci et al. (2011) Computer Calculate 1,2 86 0.34 0.34
Bozkurt et al. (2008) Physics Electronics 3 85 2.48 243
Dagdemir et al. (2012) Physics Motion 3 37 1.96 1.86
Efe et al. (2006) Biology Breeding 1 90 1.79 1.75
Giines et al. (2010) Biology Cell 1,2 88 2.71 2.66
Giiven et al. (2012) Chemistry Material 1 63 1.8 1.75
Hanger et al. (2009) Physics Motion 1 58 2.02 1.95
Kara et al. (2007) Biology Cell 1 48 1.55 1.49
Kiraz (2006) Biology Cell 2 46 1.01 0.97
Korkmaz et al. (2012) Physics 3 67 0.15 0.15
Morgil et al. (2004) Chemistry lon 1,3 84 1.29 1.26
Pektas et al. (2009) Physics Light 3 78 1.14 1.11
Pektas et al. (2006) Biology Urinary apparatus 1 42 0.72 0.69
Saka et al. (2005) Physics Material 1 44 1.57 15
Selgik et al. (2011) Mathematics  Geometry 1,2 32 1.43 1.35
Stinbiil et al. (2002) Science 1 60 0.6 0.58
San. (2003) Physics Motion 3 61 0.9 0.88
Tasci et al. (2008) Biology Cell 3 58 0.98 0.95
Yakigkan et al. (2009) Biology Cell 3 97 2.46 241
Yenice et al. (2003) Biology Genetic 1 70 1.05 1.03

* 1: Tutorial; 2: Drill and practice; 3: Simulation

@ ok O Crosr B W O P # Londee

T T T
2 - i o 104
0

Figure 1. Effect sizes’ normal distribution.
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Figure 2. Effect sizes and confidence intervals for field .

As seen in Figure 2, 38.46 % of 26 studies included in the study are conducted within
the field of biology (n=10), 30.77 % of them are conducted in physics (n=8), 19.23% of them
are conducted in chemistry (n=5), 7.69 % of them are conducted in mathematics (n=2), and
3.85% of them are conducted in computer (n=1). Average Ess and the results of homogeneity
test according to fields are shown in Table 3.

Table 3. Results of The Effect Size and The Homogeneity Test According to Fields Of Study

Field n Es Q df 95% CI critical values of y
Biology 10 1.48 54.465 9 1.275t01.674 23.589
Physics 9 1.10 56.317 8 0.884t0 1.312 21.955
Chemistry 4 1.20 7.964 3 0.771to0 1.619 12.838
Mathematics 2 1.15 0.599 1 -2.531 t0 4.823 7.879
Computer 1 not calculate for little sample

When the re-calculated Ess according to fields is investigated, it is concluded that
studies conducted within CAL is effective in the field of biology. When the studies in critical
values of 2 table at 95% significance level are examined, the studies done in biology and
physics are heterogenic, however, the studies conducted in the field of chemistry and
mathematics are homogenous.

When the methods used in CAL studies in Turkey are searched, it is detected that
tutorial is generally used in the studies. Moreover, simulation method and drill and practice in
one study are noticed as used methods.

It is found out that all studies are based on control and experimental group and they are
experimental studies; t-test and ANOVA are the statistical analysis used generally.
Specifically, it is noticed that the studies excluded from this study has methodological
problems. Mainly among these methodological problems it is determined the results of pre -
posttests of control and experimental study groups are not compared among groups, it is only
used dependent-samples t-test within groups.



Dinger, S. (2015). Tiirkiye’de Yapilan Bilgisayar Destekli Ogretimin Ogrenci Basarisina. ..

DISCUSSION and CONCLUSION

Even though CAL, which has been used in developed countries for a long time, was
started to be used in Turkey in the beginning of 1990s, it could only be started to be used
actively in the beginning of the 2000s. 2010 onwards, instruction with CAL in every school
was aimed with the FATIH Project.

As a result of this research which investigates the effect of studies conducted with CAL
in Turkey in the last decade, compared to TL, the result that CAL is more effective (n=10; %
38.46) was reached due to the fact that most of the researches have an ideal effect parameters
and the average of Ess make a large influence. In other words, CALs made in Turkey are
more successful than TL by 1.21 in standard deviation. This result is in parallel with the study
of Yesilyurt (2011). When the results of this study and the ones of Liao’s (2007) are analyzed,
technologies offered to teachers has a positive effect on the teaching. Although there are other
supportive studies in addition to this (de Jong & van Joolingen, 1998; de Jong, Martin,
Zamarro, Esquembre, Swaak, & van Joolingen, 1999; Trey & Khan, 2008), it is in parallel
with the results of Clark’s (1983) study. He offers the it is not media only that affects
learning, but also the method used can be useful by integrating with CALs (Liao, 2007).In
almost all of the researches which are studied, it is supported that CAL increases the
motivation and the attitudes of the students. However, based on the idea offered by Smith
(1986) that motivations and attitudes cannot be generated in a short time, it is significant that
the study of attitude should be done with the same groups in a long period. Advances offered
to the learners attract the students and make a positive effect on the attitudes, yet the prospect
of decrease in motivation and attitude can be led to by these advances become old-fashioned
in time

When the researches included in the study are examined by their ranges, they are mostly
placed in science lessons. In the average of effect co-efficiency CAL is considered as the most
effective, Ess of the studies in physics field is more closer to normal. Being high of the
average Ess of studies carried out in the field of biology is thought to be relevant to the
method used. When the CAL methods used in this research are classified, that simulations are
generally used attract attention. Especially, the successful use of simulations in teaching
absract concepts (de Jong & van Joolingen, 1998; Trey & Khan, 2008) is thought to increase
the success of the students by materializing the abstract concepts.

The relevant literature was studied in order to compare the CAL studies carried out in
Turkey with the CAL studiesin other countries, yet limited number of meta-analysis
researches about CAL were reached. For instance, in the studies carried out in the USA by
Bangert-Drowns, Kulik and Kulik (1985), Kulik and Bangert-Drowns (1985) and Kulik,
Kulik and Cohen (1980), CAL has a more positive on the academic success of the students
when compared to the TL. In addition, meta-analyses of the researches carried out in Taiwan
by Liao (2007) it is found that CAL are more effective than the TL and this effect is medium,
In addition to these studies, the results of meta-analyses researches by Rutten, van Jooloingen
and van der Veen (2012) which deal with the effect of simulations in teaching science support
the results of this research. However the Ess in the studies carried out in Turkey outnumbers
the ones conducted in other countries is striking. For example, in the meta-analysis of the
studies of CAL in Turkey by Yesilyurt (2011), 25 studies took place and the average Es is
found as 3.17. These two studies’ having a high Es and the reason for the not homogeneous
distribution weren’t able to be explained by the researcher.

As a result of this study, the CALs done in Turkey are mostly in science field and its
effect is greater than the TL. The reason why adequate number of researches could not be
reached about this issue which is highly popular is due to the fact that studies cannot be
reached in the national grounds noted by Ozdemirli-Capar (2011). The reasons for this
limitation are: few journals can be searched in indices and that they can be reached as in the
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form of document, there is no such information as identification of publications such as
article-memo distinction, so they are classified in two different categories. For this reason,
academic journals should add identification tag to the top note and a larger national database
must be prepared. As the lack of statistical data (X, n, SS, t, F, MSE, etc.) needed in Es’
calculation in the researchers conducted make the meta-analyses more difficult, they must be
given as full; the relevant subject area must be studied in terms of theses for further studies
and they must be compared via classification by making use of techniques specially used.
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