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ARTICLE INFO ABSTRACT
Received: 4 Nov. 2020 This study aims the aim of this study was to investigate the effect of Toulmin argumentation model (TAM),
Accepted: 24 Jan. 2021 epistemologically enriched Toulmin argumentation model (EETAM), and method suggested in Turkish Science

Curricula on the epistemological beliefs of 7th grade students and their views on this effect. In this context, while
the students in TAM group learned seventh grade structure and properties of matter unit through TAM; the
studentsin EETAM group learned seventh grade structure and properties of matter unit through TAM and then had
explicit discussions about epistemological belief dimensions. In the comparison group, students fallowed national
science curriculum and learned the same science topic through the method suggested in curriculum. Students’
epistemological beliefs were determined with epistemological belief scale. Also, students’ opinions about the
effect of TAM and EETAM were determined by semi-structured interviews. Therefore, embedded design of mixed
method researches was used. Two experimental and one comparison groups were included. The sample of the
study consisted of 98 students studying in a public school in Kayseri, Turkey. As a result of the study, there was a
significant difference only between the EEAM group and the comparison group in terms of epistemological beliefs.
The same results were reached in the qualitative findings. Therefore, it can be said that explicit discussions on
epistemological beliefs is more effective than inquiry-based teaching and method suggested in Turkish national
science curriculum. Thus, results expose that explicit teaching of epistemological beliefs helps students better
understand epistemic nature of scientific knowledge and learning.
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INTRODUCTION

Epistemological beliefs have had a significant impact on students’ understanding. (Schommer, 1990). Recognition of the
importance of epistemological beliefs has started with Perry’s work. The studies led by Perry inspired many researchers and paved
the way for the creation of different models on this issue (Schommer, 1990). In 1950, Piaget pioneered the studies on
epistemological beliefs by using the concept of genetic epistemology to explain the theory of cognitive development (Hofer &
Pintrich, 1997).

As an issue in philosophy, “epistemology is concerned with the origin, nature, boundaries, methods and justifications of
knowledge. The term “epistemic,” by contrast, relates to knowledge more generally, and the conditions for acquiring it” (Hofer, 2002).
On the other hand, studies on epistemological beliefs have considered how people perceive knowledge and learning as a research
topic (Rosenberg et al., 2006). From a psychological and educational perspective, personal epistemology focuses on how
individuals develop knowledge and how they use it to understand the world. Therefore, personal epistemology includes beliefs
about what knowledge is (definition), how it is built, how it is evaluated, where it is found, and how it emerges (Hofer & Pintrich,
2012).

It is seen that the first studies in this field are in the form of questionnaires and in-depth interviews conducted with students
at Harvard University focusing on the issues of students’ development (Schommer, 1990). Perry (1968) put forward the idea that
the students go through the epistemological developmental stages. He stated that students perceive the knowledge as certain
true or false in the early stages of this developmental process and that the authority knew the correct answer. However, as
students reached higher levels of development, they thought that there could be multiple possibilities of knowledge and that
people should have a strong but changeable commitment to ideas.

This research is produced from the doctoral dissertation prepared by the first author in the advisory of the second author.
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Despite the idea of one-dimensional and constant progressive stages of epistemological beliefs advocated by Perry and some
other researchers, Schommer (1990) considered epistemological beliefs as a system of thought that consists of several
independent dimensions. Schommer (1990) argues that epistemological beliefs are too complex to be one-dimensional, arguing
that there are at least five dimensions of epistemological beliefs and named these dimensions as simple knowledge, certain
knowledge, omniscient authority, innate ability and quick learning. Schommer (1990, 1993) explained the varying views in these
dimensions from naive to sophisticated as follows;

— Simple knowledge: Knowledge is compartmentalized or knowledge is highly integrated and interwoven.

— Certain of Knowledge: Knowledge is not absolute or knowledge is constantly evolving.

— Omniscient Authority: Knowledge is not handed down by omniscient authority or knowledge is also reasoned out through
objective and subjective means.

— Innate Ability: Ability to learn is genetically predetermined or ability to learn is acquired through experience and hard work.

— Quick Learning: Learning is quick or not-at-all or learning occurs in a gradual process.

In the field of science education, there are important studies on the nature of epistemological beliefs, their relationship with
learning and how they are affected by the classroom environment (e.g., Bektas, 2011; Hofer & Pintrich, 1997; Pamuk, 2014;
Sandoval, 2003; Saylan Kirmizigul & Bektas, 2019; Tsai, 1998; Yerdelen Damar, 2013). Students’ epistemological beliefs affect their
approaches, knowledge, working methods and reasoning abilities towards an activity or task (Hammer & Elby, 2002; Hogan, 1999;
Rosenberg et al., 2006). Therefore, students’ epistemological beliefs should be taken into consideration in learning and teaching
processes in science classes.

In Turkey, in the previous (MoNE, 2013) and current science education curricula (MoNE, 2018), it is seen that learning methods
such as problem-based, project-based, argumentation, cooperative learning is recommended where students are more active.
Teachers were asked to provide comfortable environments in which students could express their ideas, support these ideas using
different reasons, and develop opposing arguments to refute others’ claims. It was stated in the science curricula that in the oral
or written arguments, teachers should guide students to propose claims, warrants, backings, and rebuttals based on the data. It
was also stated that inquiry processes will be considered not only as experiments and discoveries, but also as explanations and
arguments (MoNE, 2013). Thus, in science education, argumentation is not a luxury, but it is completely necessary to consider the
essence of science (Erduran, 2007).

Argumentation is a discourse pattern which is instrumental in the advancement of scientific knowledge (Kitcher, 1988) as well
as an essential element of scientific discourse (Pera, 1994). Thus, argumentation reflects the nature of science as inquiry and
discussion, guides students through activities, and functions as a metacognitive support that asks students to reason about their
data (Akkus et al., 2007). According to Munford & Zembal-Saul (2002), students who learn by argumentation have the opportunity
to think both about the concepts in science and also about science, and can try both the rational and procedural applications of
scientists. Argumentation enables learners to evaluate knowledge and themselves, while supporting learners to develop different
ways of thinking. It also allows students to recognize the role of language, culture and social interactions in the structuring of
knowledge. Finally, students who learn science concepts through argumentation are not only consumers of scientific knowledge,
but also have experience of being the ones who reproduce this knowledge. It can be seen that the argumentations performed in
educational settings are related to the cognitive ability, epistemology, motivation and knowledge of the subject. Therefore, it can
be said that students’ argumentation skills and epistemological beliefs are related and influence each other (Evagorou & Osborne,
2009).

The use of scientific argumentation to establish theories about natural phenomena helps students to understand scientific
processes and to practice them (Osborne & Young, 1998). Toulmin (2003) made a crucial contribution to this aspect He changed
the idea of the conventional inductive logic and developed a paradigm for people to argue in natural settings Toulmin introduced
a model that describes functional relationships and has six elements of argumentation. In the field of science education, this
model is accepted in a broad range (Giri & Paily, 2020). Toulmin’s argumentation model (TAM) is not limited to a debate involving
two or more people, rather it is used for personal reasoning, at which an individual draws conclusions depends on the data
available (Hitchcock, 2005). According to Toulmin, in order to prevent irresponsible claims, the claims should be supported with
the relevant evidence. A claim is the conclusion of an argument in Toulmin’s model. A person needs evidence to support it in order
to make such an argument. In Toulmin’s model, such information is called data. At least one warrant should be given in order to
support the relationship between the data and the claim. Warrants are propositions which are used as explicit assumptions that
serve as a connection between data and claims. Two others components of Toulmin model are qualifiers and rebuttals. The
qualifier stands alongside the claim and shows the strength of the claim and it is concerned with the warrants and rebuttals. The
last component of the model is backing, which represents the source of a warrant (de Oliveira Gabriel et al., 2020). A brief
description of Toulmin’s argument components is as follows (Magalhaes, 2020).

— Claim: Proposal that supports, rejects or asks anything

— Data: Facts that support the conclusion

— Warrant: Statements that affirm a claim.

— Qualifier: Indication of strength of argument. Typically it is done by phrases such as necessarily or probably.

— Backing: Statements which restrict the strength of the argument or which propose conditions for the argument to be valid.
— Rebuttal: Statements which disprove an argument.

When the literature on argumentation is examined, TAM enable students to participate in cognitive and metacognitive
processes, develop meaningful learning and communication skills, mobilize their critical thinking abilities, and understand
science culture and develop science literacy (Jimenez-Aleixandre & Erduran, 2007; Kuhn, 2005; Sandoval et al., 2019).
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TAM allows students to make sense of science concepts through research questions, explanations, testing claims and group
discussions like a scientist based on the evidence. Therefore, we expect that, with the effective use of TAM, students will develop
their beliefs in the dimensions of epistemological beliefs.

Studies in the literature show that the teaching methods increasing students’ conceptual understanding may not have the
same effect on their epistemological beliefs (Elby, 2001). Moreover, implicit teachings are not as much effective on developing
students’ epistemological understanding as explicit teachings of epistemological beliefs (Elby, 2001; Redish & Hammer, 2009;
Sandoval & Morrison, 2003). When the relevant literature on this subject is examined, it can be said that the number of researches
examining the effectiveness of explicit teachings by considering the personal epistemological beliefs of the students in science
and other fields is limited (Yerdelen Damar, 2013). Although the theoretical frameworks underlying the researches are not
explicitly declared, instructional design approaches provide clues as to which theoretical frameworks they support. In most of
these studies, it is seen that the teaching plan to be implemented is based on the idea that the students hold consistent, stable
and subject-independent epistemological beliefs (Hammer & Elby, 2002). However, many studies in the literature (e.g., Lising &
Elby, 2005; Rosenberg et al., 2006; Sandoval & Morrison, 2003) support that epistemological beliefs consist of consistent and more
or less independent dimensions and are dependent on the subject (context) in accordance with the theoretical foundations of
Schommer (1990).

Epistemology teaching should aim to activate and consolidate the individual’s epistemological resources instead of abolishing
the old beliefs in order to develop their epistemological understanding (Elby & Hammer, 2010). When the studies carried out in
this way were examined, most the studies emphasizing explicit epistemological teaching were conducted with university students.
Itis seen in the literature that most of the research on personal epistemology studies aimed to test the guidelines in educational
psychology or similar courses and to develop students’ epistemological beliefs (Yerdelen Damar, 2013). Therefore, further
research is needed to clearly investigate the effects of epistemological teaching on science at middle school and high school level.
In addition, only one study was reached which tested the effectiveness of explicit epistemological teaching focusing on the
personal epistemology of Turkish students (Yerdelen Damar, 2013). In her study, the researcher reported that teacher-centered
method is more effective in increasing the physics achievement of students with naive epistemological understanding. On the
other hand, for students with sophisticated epistemological beliefs, epistemologically and meta-cognitively enriched
constructivist teaching method (7E learning cycle) is more effective.

In the current study, Toulmin argumentation model is used to develop students’ epistemological beliefs through explicit
discussions on dimensions of epistemological beliefs after learning a science subject. In this context, during science lessons,
students first learned the structure and properties of matter (SPM) unit through Toulmin argumentation model (TAM). Then,
teacher started a new discussion session on epistemological beliefs. In this session, teacher initiated the discussion by asking a
question about a dimension of epistemological beliefs. Students are asked to use what they have learned in SPM unit to justify
their argument. In this way, modified version of Toulmin argumentation model is obtained. This modified version of model is
named as epistemologically enriched Toulmin argumentation model (EETAM). In this respect, no study was found in the literature
examining the effect of TAM to development of students’ epistemological beliefs while teaching subject knowledge. Therefore, it
is thought that this is an original study that synthesizes these three dimensions (Toulmin argumentation model, subject
knowledge and epistemological beliefs) in the literature. It is thought that this study, carried out on these grounds, will contribute
to the literature by providing experimental evidence on how Toulmin argumentation model enriched with the discussions on
epistemological beliefs will improve students’ personal epistemological beliefs.

Based on all these justifications, the aim of this study was to investigate the effect of TAM and EETAM on the epistemological
beliefs of 7th grade students and their views on this effect. On this context, to elicit the quantitative results, qualitative data are
collected in the study. Therefore, this study is carried out based on two main research questions. These questions are as follows;

— What is the effect of Toulmin argumentation model (TAM) and epistemologically enriched Toulmin argumentation model
(EETAM) on the epistemological beliefs of seventh grade students compared to national science curriculum?

— How are the opinions of students in the experimental groups about the effect of TAM and EETAM on epistemological
beliefs?

METHOD

Research Design

In this research, mixed research method was applied. According to Creswell and Plano Clark (2015), in mixed method
researches, researcher collects, analyses, integrates or combines quantitative and qualitative data in a single study or a multistage
study. In this research, there are different research questions that require quantitative and qualitative data collection. In the
quantitative part of the study, the effect of TAM and EETAM on the epistemological beliefs of students was compared to the current
science curriculum. In the qualitative part, the students’ opinions about the effect of TAM and EETAM on epistemological beliefs
were tried to be determined based on students’ views. Therefore, most appropriate design for the study is the embedded design,
which is used in cases where a single data group is not sufficient to answer different types of questions. In the quantitative part of
the study, a quasi-experimental design with pretest-posttest comparison group was used. In the qualitative part, a
phenomenological design was used to determine the students’ opinions about the effect of AM and EEAM on epistemological
beliefs.
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Population and Sample

The target population of this study is all seventh-grade students in Kayseri, a major city in central Anatolia region of Turkey.
The accessible population comprised all seventh-grade students in the fifth education zone of Kocasinan district of Kayseri. The
research results will be generalized to the accessible population. The number of students attending seventh grade in the
accessible population was 1052 students. In order to generalize the results of the study, researchers tried to reach 10% of the
students in this accessible population. For this reason, it can be said that convenience sampling method is used and 10% rule is
taken into consideration when determining the sample (Hill, 1998). The sample of the study consisted of three groups (two
experimental and one comparison group) which are randomly selected from the 7th grade in a secondary school in Kocasinan
district of Kayseri province in the 2017-2018 academic years.

A total of 98 students participated in this study. Among them, 34 of these students were in 7/A class (Experimental Group
1(EG1), TAM group), 32 of them were in 7/D class (Experimental Group 2 (EG2), EETAM group) and 32 of them were in 7/C
(Comparison group, National science program). While determining the experimental and comparison groups, one-way ANOVA was
conducted to consider whether there was a statistically significant difference between the achievement pretest mean scores of
the groups. Although there was no difference between the groups in terms of achievement pretest scores (F (2, 95) =.691, p>.05);
in order to prevent a possible threat to internal validity, the class with highest average (¥=8.68) was determined as the TAM group,
the one with the lowest average (X=7.94) was determined as EETAM group, and the class with the medium average (X =8.41) was
determined as comparison group. In this way, it is aimed to prevent a possible threat to internal validity.

Study Group

Qualitative data of the study collected from the students in the TAM and EETAM groups. Participants of the study were
determined by using maximum variation sampling. Qualitative data of the research were collected by conducting semi-structured
interviews with a total of 12 students, six from each experimental group. While determining these students, argumentation opinion
scale was applied to the students. Two students who got low, medium and high scores from the scale were selected from each
experimental group. At the end of the study, students’ opinions about the effects of TAM and EETAM on epistemological beliefs
were tried to be determined based on students’ opinions. The names of the students in the TAM group were coded as Nur, Ata,
Can, Ali, Efe and Ece, while the names of the students in EETAM were coded as Alp, Naz, Eren, Asu, Giil and Ahu.

Data Collection Tools
Epistemological belief scale

In this study, quantitative data were collected using the epistemological belief scale (EBS) developed by researchers as a result
of literature review (Boz et al., 2011; Kizilgilines et al., 2009; Pamuk, 2014; Schraw et al., 2002; Tucel, 2016). As a result of the
literature review, a draft epistemological belief scale (DEBS) consisting of 64 items with five likert-type responses was developed
by using the scales developed or adopted by different researchers (Ozkan, 2008, Deryakulu & Biiyiikéztiirk, 2002; Schraw et al.,
2002). In the scope of the pilot study, DEBS was applied to 700 students (284 Tth grade and 416 8th grade) studying in secondary
schools. However, since the responses of 28 students were incomplete, these students were excluded from the study. Then,
exploratory factor analysis (EFA) was conducted for construct validity. During EFA, some items (5, 13, 14, 16, 17, 18, 23, 26, 27, 39,
54, 58, 59, 63 and 64. items) were removed from the scale because values were lower than .30 in the communalities table. Also,
items 32, 33 and 44 were removed since they were cross loaded (Tabachnick & Fidell, 2013). Lastly, it was seen that items in the
scale were collected under five factors. However, since the reliability coefficient of the fifth factor was .149, items in this factor (6,
7,20, 21, 34,56, 57 and 62. items) and some other items (1, 3, 4, 15, 19, 30, 41, 53. items) reducing the reliability of the scale were
also removed from scale. EFA was run on the remaining 29 items. Based on the KMO value (.896) and significant value of Bartlett
test of sphericity (.000), it is decided that sample size is adequate, the collected data were appropriate for the analysis and the
scores obtained from the scale showed normal distribution (Otrar, Giilten & Ozkan, 2012). As a result of EFA, epistemological belief
scale consisted of four-factors. The names of factors were “simple knowledge (SK)”, “justification of knowledge (JK)”, “innate
ability (IA”, and “development of knowledge (DK)”. There were 11 items in the factor of SK and nine items in JK, five items in IA
and four items is DK. The sample items from each factor are as follows:

e Inscience, all questions have one correct answer. (SK)

e Experimentation is a good way to see if something is right. (JK)

e How successful you are at school depends on how clever you are. (IA)
e Knowledge in scientific books sometimes changes. (DK)

In order to confirm the factor structure of the scale, confirmatory factor analysis (CFA) was performed by using LISREL
program. Since REMSEA value (.047), Chi square/df value (2.41) and other fit indices (NFI= .93, GFI=.91, CFI=.96, RFI=.92, IFI=.96;
AGFI=.90) validate the model (Kline, 2011; J6roskog & S6rbom, 1993), these factors were confirmed by the CFA. After the CFA, the
Cronbach’s Alpha reliability coefficient was found to be .846 for SK, .812 for JK, .610 for IA and .616 for DK.

Semi-structured interviews

In the qualitative data collection, semi-structured interviews were conducted with students selected from TAM and EETAM
groups in order to examine the students’ thoughts about the effect of TAM and EETAM on epistemological beliefs. Interviews were
conducted with each student individually. During the interviews, students were asked about their opinions about TAM and EETAM.
Their opinions about the effect of these models on epistemological beliefs were determined from the answers of the students.
Interview questions were formed with an expert in science education and qualitative research. As a result, two separate interview
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Table 1. The dimensions of TAM and EETAM used in the intervention groups

Weeks TAM and EETAM EETAM

1 Informing about the application of the TAM (How is claim, data, evidence and justification formed?)

2 Structure of the Atom (Evidence Cards), The lon Concept (Theories Competing with Ideas, Certain Knowledge, Source of Knowledge,
Table of Expressions) and Innate Ability

3 The Concept of Molecule (Theories Competing with Cartoons), Pure Substances (Theories  Source of Knowledge
Competing with Stories, Table of Expressions)

4 Common Compounds and lons (Theories Competing with Ideas, Table of Expressions), Certain Knowledge, Omniscient Authority,
Homogeneous and Heterogeneous Mixtures (Preparation of Experiment Report) Source of Knowledge

5 Factors Affecting Dissolution Rate (Preparation of Experiment Report) Certain Knowledge

6 Separation of Mixtures (Preparation of Experiment Report) Certain Knowledge, Innate Ability, Source

of Knowledge, Simple Knowledge

forms were used and there were 14 questions in each form. For instance, “Which aspects of the TAM/EETAM helped you to
understand the SPM unit? Explain by giving examples.” This question was asked as specific to each model. The interviews were
conducted by the first researcher and lasted approximately 25 minutes. All of the interviews were conducted with the interviewer
in a quiet and comfortable environment and the interviews were audio-taped and then transcribed.

Lesson plans

In the research, activities prepared according to EETAM were performed in the teaching of seventh grade SPM unit in one of
the experimental groups. In the other experimental group, lessons were conducted on the basis of TAM. Lesson plans of these
groups were prepared by searching the literature (Erduran, 2006; Erduran & Pabugcu, 2012; la Velle & Erduran, 2007). The prepared
lesson plans were examined by a total of four different experts, one professor in chemistry, one associate professor and one
assistant professor in chemistry education and one associate professor in argumentation. In the comparison group, the lessons
are conducted in accordance with the method suggested in national science curriculum. The lesson plan was prepared for the
comparison group and presented to the evaluation of three different science education experts before using in the study. The
study lasted in a total of 24 teaching hours for six weeks.

Intervention in the experiment groups

Toulmin’s argumentation model was used in TAM and EETAM groups. Schommer’s (1990) epistemological model was used in
EETAM. Table 1 shows the dimensions of TAM and EETAM used in the activities performed in the experimental groups each week.

In order to ensure that the treatment is performed as planned, the teacher was educated by the first author on how to
administer the treatment two weeks before the treatment. In addition, before every session in the experimental group, the
researchers and teacher met and discussed similar activities carried out in the class. Before the lessons, all instructional materials,
activities and teacher guides were given to the teacher. In the first week, the first author taught the students about TAM and EETAM
implementation.

Students worked in groups during the lessons. The first researcher and the course’s science teacher heterogeneously
distributed students in terms of their academic achievement to the groups. In Figure 1, schematic diagrams of the methods are
shown. After the first consensus on subject knowledge, epistemological beliefs were incorporated by the teacher into the process,
as shown in Figure 1. The key difference between EETAM and TAM is the new process of argumentation that starts with this
integration. With the aid of this new argumentation, it was ensured that the students used the first argument on subject
information (A0) in new argument on epistemological beliefs (A1). The argument developed in the first stage (A0) serves as data,
warrant, backing or rebuttal in the new argument on epistemological beliefs (A1). For example, in the second week of the research,
atom models from Democritus to the modern atomic atom theory were presented in experimental groups in story form. In the
TAM and EETAM groups, the students discussed which atomic model is accepted today in the light of the information given to
them in the story (AO in Figure 2). In the EETAM group, students additionally started a second discussion on the certainty and
empirical nature of scientific knowledge. Students used what they had learned in the first discussion on atomic models and atomic
structure to form and support their claims in the second discussion (Al in Figure 2). In this way, discussions were held in the EETAM
group regarding all the dimensions of Schommer’s epistemological belief model through the intervention. As a consequence of
this process, EETAM was developed. This model was shown in Figure 2.
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Data Analyses

At the beginning of the study, ANOVA analysis was used to determine whether the groups were equivalent in terms of academic
achievement. In addition, at the beginning of the study, the groups were compared using ANOVA to determine whether there was
a difference between the epistemological beliefs of the students. At the end of the intervention, the effects of EETAM, TAM and
national science curriculum on the students’ epistemological beliefs were compared.

Interviews were evaluated in the qualitative section, using content analysis. In an attempt to identify codes and establish
categories, each of the researchers read the transcripts and interpreted them with regard to the opinions of the participants about
TAM and EETAM. In order to compare the codes, researchers held meetings, address conflicts between codes constructed when
required and achieve consensus (Patton, 2002). The effects of TAM and EETAM have been classified.

Power and effect size

At the start of the research, power analysis is conducted to assess the number of participants needed to attain the desired
power (Cohen et al., 2003). First, the degree of significance (p=.05) was calculated in order to determine the minimum number of
samples needed in the analysis. Secondly, the power of the analysis that is the probability of rejecting a false null hypothesis was
considered to be 0.80. (Hinkle et al., 1998). Finally, based on the literature, the effect size index (f2) was calculated at a medium
effect size (0.15) (Cohen et al., 2003).

To measure the minimum sample size needed, the Cohen et al. (2003) formula was used. The minimum sample size to be
determined for the study was 68. The number of participants in this study was 98, more than the minimum sample size. The study’s
measured power was therefore found to be between .90 and .95. This value will be contrasted with the observed power of the
analysis obtained by ANCOVA and the external validity of the generalizability of the analysis to the accessible population will be
discussed.

Validity and reliability

Firstly, data collection tools were controlled by the experts for internal validity in order to understand the degree to which the
researchers’ comments on instruments represent reality (Creswell, 2009). Second, with direct quotes, the qualitative results were
described. Thirdly, after and before the interviews, long-term interaction was provided. Finally, by posing alternative questions,
the problems which the participants did not understand during the interview were explained (Lincoln & Guba, 1985).

The research process, research design, data collection process, how the data is analyzed and interpreted is explained in depth
in order to improve external validity. Furthermore, the participants were selected according to the criterion sampling and their
names were coded on the basis of ethical concerns (Yildirim & Simsek, 2011).

Among the researchers, a consensus was reached on the analyses performed to improve internal reliability. In addition, the
results were presented without reflecting personal comments for internal reliability. A clear relationship was formed between the
results of the research and the findings obtained from the research in order to improve external reliability, and it was reviewed by
an expert in science education (Lincoln & Guba, 1985).

FINDINGS

In the findings of the study, descriptive statistical analysis was started in order to understand whether the collected data were
normally distributed or not. In this context, it was checked whether the mean, median and mode scores obtained from the pre-
test and post-test were close to each other and these values were found to be close to each other. Secondly, the kurtosis and
skewness values of the data were checked. According to the results of these analyzes, it was accepted that the data of the EBS
showed normal distribution. Based on these findings, it is concluded that parametric test can be used in inferential statistical
analysis. The findings obtained from the descriptive statistical analysis of the pre-test and post-test of EETAM group, TAM group
and comparison group are presented in Table 2.

As can be seen in Table 2; mean, mode and median values are close to each other for the pre-test and post-test scores of TAM,
EETAM and comparison groups. In addition, the skewness and kurtosis scores of the groups were found to be between +2 and -2.
Therefore, it was thought that pre-test and post-test scores were distributed normally for all groups. Because the skewness and
kurtosis values did not exceed the critical range and the mean, mode and median values were close to each other (George &
Mallery, 2001).
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Table 2. Findings of descriptive statistics for pre-test and post-test results

Group Statistics Pre-test Post-test

Mean 101.06 108.79

Median 102.00 108.50

EG1 Mode 102.00 109.00
Skewness -.456 -.021
Kurtosis -.198 -.636

Mean 101.13 115.81

Median 102.50 116.00

EG2 Mode 102.00 120.00
Skewness -1.092 -.296
Kurtosis 1.944 .143

Mean 106.09 107.00

Median 106.00 109.00

Comparison Mode 99.00 112.00
Skewness -.263 -.551
Kurtosis -.516 .643

Table 3. ANOVA results for EBS pre-test

Sum of Squares df Mean Square F p.
Between Groups 536.148 2 268.074 1.405 .250
Within Groups 18122.954 95 190.768
Total 18659.102 97

Table 4. Correlation results between pre-test and post-test results

Post-test
P. Correlation -.106
Pre-test Sig. .297
N 98
Table 5. Levene test results of error variance
Levene Statistic dfl df2 Sig.
1.769 2 95 176

In order to determine whether there is a variable to be considered as covariance, firstly, it was checked whether there was a
significant difference between the comparison and experimental groups in terms of epistemological belief scale pretest scores. In
addition, covariance control was performed by calculating correlation coefficients between variables. ANOVA results regarding
the pre-test scores are presented in Table 3.

As seen in Table 3, there is no difference between the groups in terms of pre-test scores (p=.250>.05). Therefore, it can be said
that the groups were equivalent in terms of epistemological belief scores before the intervention. After seeing no difference
between the groups in terms of pre-test scores, the correlation between the pre-test and post-test scores of the students was also
examined. If an independent variable (Pre-tests) is to be controlled as a covariance, it must have a significant correlation with at
least one of the dependent variables (Post-tests) (George & Mallery, 2001). Table 4 shows the results of the correlation between
the pre-test and post-test.

When the correlation results were examined, it was seen that there was no significant correlation between the pre-test and
post-test scores of the epistemological belief scale. Therefore, it was not necessary to determine the pre-test results as covariance
in the comparison of the post-test scores. Therefore, the post-test scores were compared using ANOVA. There are number of
assumptions that must be met before applying ANOVA. Firstly, measurement level and independence of observations assumption
is checked. In the study, the dependent variable was measured with the help of an interval level scale. Also, it was assumed that
the students’ responses to the epistemological belief scale were independent of each other. As a second assumption normality is
controlled. In this context, both univariate and multivariate normality were checked. Findings of univariate normality are given in
the descriptive statistics section. The multivariate normality was checked with Mahalanobis distance, and it was assumed that the
data were normally distributed because there was no extreme value in the study. Lastly, Levene test was used to test the
assumption of homogeneity of variances (Table 5). The significance values higher than .05 indicate that the assumption of equality
of variance has not been violated.

As shown in Table 5, there is no violation of the assumption of equality of variance for EBS posttest scores. After controlling
the assumptions, ANOVA was used to determine whether there was a significant difference between the comparison and
experimental groups in terms of the post-test scores of the participants. The analysis was carried out and the results were given
in Table 6.
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Table 6. ANOVA results for EBS post-test

Sum of Squares df Mean Square F Sig.
Between Groups 1394.066 2 697.033 3.593 .031
Within Groups 18428.434 95 193.984
Total 19822.500 97

Table 7. Pairwise comparison results of ANOVA

Mean Difference . 95% Confidence Interval
(1) Group (J) Group (1-J) Std. Error Sig. Lower Bound Upper Bound
TAM EETAM -7.018 3.430 107 -15.19 1.15
Comparison 1.794 3.430 .860 -6.37 9.96
TAM 7.018 3.430 107 -1.15 15.19
Tukey EETAM Comparison 8.813 3.482 034 52 17.10
Comparison TAM —1.794. 3.430 .860 -9.96 6.37
EETAM -8.813 3.482 .034 -17.10 -.52

Table 8. Codes and categories regarding EETAM group

Categories Codes Participants
. Tentativeness of knowledge in books Alp, Asu, Eren, Naz, Giil
Certain knowledge — -
Questioning what is learned Asu
. . The role of experiment and observation Eren, Naz
Omniscient Authority - =
Knowledge productions process Eren, Naz, Gl
Innate Ability Importance of hard work Alp, Giil, Ahu

As seen in Table 6, there is a statistically significant difference between comparison and experimental groups in terms of
dependent variable (F (2, 95) = 3.593; p <.05). A pairwise comparison was conducted and the results are shown in Table 7.

While there was a statistically significant difference between EETAM group and comparison group (p=.034<.05), there was no
statistically significant difference between TAM and comparison group (p=.860>.05) and between EETAM and TAM group
(p=.107>.05) in terms of posttest scores.

Findings of Qualitative Data

In this section, the findings of the interviews conducted to determine the opinions of students from TAM and EETAM groups
about the effects of TAM and EETAM on epistemological beliefs are presented. For this purpose, transcribed interview audio
recordings were subjected to content analysis. In the interviews conducted with students in the TAM group, it was concluded that
the model had an effect on some factors such as academic achievement, peer learning, active participation in the lesson, but no
findings were found regarding the effect of TAM on epistemological beliefs. Since the student’s views on the effect of TAM on some
variables other than epistemological beliefs are not in the scope of this article, no information about these effects is given in this
section. Therefore, only the findings obtained from the opinions of the students in the EETAM group are included in Table 8.

Based on the opinions of the students in EETAM group, findings related to certain knowledge, omniscient authority and innate
ability dimensions of epistemological beliefs were obtained. The certain knowledge category is determined based on the
participants thought about the tentative nature of the scientific knowledge. In this regards participants mostly emphasized the
tentativeness of knowledge in books. In this context, Alp expressed his ideas regarding the tentativeness of knowledge in the
certain knowledge category as follows;

“Alp: There should be discussions (about epistemological beliefs) because not every book is true, for example, is it true or
can knowledge in books change? There must be such discussions because everything can change at any moment.”

Also, under certain knowledge category, a participant (Asu) stated that after science lessons conducted using EETAM, she
became aware of the fact that there is no single and certain truth in science and started to search alternative explanation about
what she learned in lessons. She explained her thoughts as follows;

“Asu: | can now ask questions in my mind when we start to a new topic, for example, | ask different views about the subject
to the teacher.”

The second category derived from interview findings is the omniscient authority category. This category is formed based on
the views of the participants regarding the source of scientific knowledge. In the context, participants emphasized the role of
experimentation and observation in the production of scientific knowledge. Eren, one of the participants, expressed his opinion
on the role of experimentation and observation in the change of knowledge with the following dialogue with the researcher;

“Researcher: Is the scientist a source of knowledge or is it more accurate to conduct experiments and observations? We
have had such discussions in lessons. What did you learned from these discussions?

Eren: For example, when scientists told a subject directly, | thought it was unchangeable, but | found out that it was not so,
I learned that ideas and observation could change those ideas.
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Researcher: How did you come up with this idea? Why has your mind changed? What was the role of the discussions in
this?

Eren: Because we were having discussions. Our ideas changed when we discussed. | thought scientists could change their
minds like that. After discussing, experimenting and observing, | came to this conclusion.”

Participants’ thoughts on the process of producing scientific knowledge also provide information about the fact that the
source of knowledge is experiments and observations rather than omniscient science authorities. For example, Naz expressed her
opinion as follows;

“Naz: If we discuss among ourselves (in lessons), for example, how do scientists learn? For example, astronauts go to space
and search. Then they give us when they come to Earth. We learn about space.”

The last category derived from interview findings is named as innate ability. This category is based on the participants’ views
on the debate about whether innate abilities or hard work is more important to be successful. In this regard, Alp, Giil ans Ahu
stated their thought on the behalf of hard work in this discussion. In this context these participants stated that they believe in the
importance of hard working more than innate abilities such as intelligence in order to be successful in science. For example, Ahu
expressed her opinions on this subject by the following dialogue;

“Researcher: Have you changed your thoughts about epistemological beliefs?

Ahu: | have not changed in others (dimensions), but my thoughts have changed, for example, that learning depends on
intelligence or work. | thought it was a bit dependent on intelligence, but now | learned that working is also important.”

RESULTS AND DISCUSSION

According to the quantitative and qualitative results obtained in the study, it can be said that EETAM is more effective than
TAM and the current science curricula in developing students’ epistemological beliefs. Thus, application of the Toulmin
argumentation model without explicitly emphasizing epistemological beliefs does not have a significant effect on students’
epistemological beliefs. In this context, the findings of the study support the view that explicit teaching approach is more effective
in developing epistemological beliefs than the approach that assumes that epistemological beliefs will develop as a result of
natural processes in the course. In this sense, the research results are compatible with many studies in the literature (Brownlee et
al., 2001; Muis & Duffy, 2013).

When the similar studies in the literature about the teaching of epistemological beliefs with an explicitly reflective approach
are examined, no study has been found where the Toulmin argumentation model is applied in an epistemologically enriched form
and its effect on epistemological beliefs is examined. However, it is seen in the literature that when the epistemologically enriched
models or the lessons enriched with the discussions about epistemological beliefs were examined, it was concluded that the
students’ epistemological beliefs developed as a result of these courses (Bektas, 2011; Muis & Duffy, 2013; Yerdelen Damar, 2013).
For example, in a current research, Shi (2020) tested the effect of explicit teaching of philosophy of science with subject knowledge
just as current research and the researcher reported that explicit teaching of philosophy of science helped students to develop
more sophisticated understanding about science and the relationship between science, technology and society.

Among the researchers in the literature, Bektas (2011) stated that he encountered difficulties in changing epistemological
beliefs. As one of these difficulties, the issue of time was discussed and it was stated that long periods were needed to change the
epistemological beliefs in the desired direction. According to the results of the present study, it can be said that a six-week
intervention is not sufficient for a significant difference in epistemological belief scores of TAM and EETAM groups.

Muis and Duffy (2013) examined the effect of education with epistemologically supported content on students’
epistemological beliefs. The researcher examined the effect of the content prepared in the study by comparing it with a
comparison group and followed the change week by week during the intervention process. As a result of the intervention, it was
seen that there was a difference between the groups in terms of justification of knowledge, access to knowledge, simplicity of
knowledge and certainty of knowledge, but no difference was found between groups in terms of source of knowledge. As a result
of the weekly analysis of the changes, it was found that the first change was in the simple knowledge, certain knowledge and
attainability of truth dimensions (8. Week), and the latest change was in the source of knowledge dimension (15. Week). Based on
this result, the researcher stated that it is necessary to expose students to discussions and use learning strategies that cause them
to doubt their current beliefs in order to realize the change in epistemological beliefs. In the present study, in the EETAM group,
the teacher explicitly led the students to think and discuss about epistemological beliefs and asked students to produce reasons
to support their claims. Therefore, it can be said that these debates and justifications developed the epistemological beliefs of the
students in EETAM group. Muis et al. (2006) suggested that the development of individuals’ beliefs is a result of the interaction
between the individual and the environment. Accordingly, social interactions in a classroom are particularly key to promoting
change through discussion (Bendixen, 2002; Cited in Muis, Bendixen & Haerle, 2006). In this context, it can be said that the
epistemological beliefs of the students have developed as a result of in-group discussions, inter-group discussions and student-
teacher interactions regarding epistemological beliefs. Supporting this result, research results show that cooperative learning
techniques are effective in development of epistemological beliefs (Gok, 2018). Also, as the interaction between individuals in
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learning enviromnts incrase, effect of the technique also increases (Simsek & Baydar, 2019). In the TAM and comparison groups, it
can be concluded that there is no change since these discussions and thinking processes are not directly involved.

Another reason of the difference in epistemological beliefs in favor of EETAM group can be the writing activities in the context
of explicitdiscussions. Students filled the activity sheets during activities, wrote down their claims, warrants, qualifiers or rebuttals
and formed their arguments. After that they defended their arguments against other groups. There are results in literature that
writing activities improve student’s epistemological beliefs (Atasoy & Kiiglik, 2020; Brownlee et al., 2011). While the students are
expressing their thought in a written form, they have chance to interpret and be aware of their existing opinions, feelings and
experiences about knowledge and learning (Atasoy & Kiiglik, 2020). This process result in a development in students
epistemological beliefs.

In another study, Yerdelen Damar (2013) examined the effect of the epistemological and metacognitive enriched 7E method
on the students’ epistemological beliefs and stated that the method developed the students’ epistemological beliefs towards
physics course more than the traditional method. Therefore, both the results of the present study and the studies in the literature
(Bektas, 2011; Brownlee et al., 2001; Muis & Duffy, 2013; Yerdelen Damar, 2013) shows that explicit teaching improves
epistemological beliefs.

In the literature, there are findings that question-based learning approaches such as argumentation can be effective in
developing epistemological beliefs (Caukin, 2010; Driver, Newton & Osborne, 2000; Kaynar, Tekkaya & Cakiroglu, 2009; Kuhn, 1993;
Ryu & Sandoval, 2011; Tucel, 2016; Wu & Wu, 2011). Among these studies, Tucel (2016) examined the effect of argument-based
science learning approach on students’ epistemological beliefs. As a result of the intervention, it has been concluded that students
have developed significantly in the development of knowledge and justification of knowledge dimensions of epistemological
beliefs. Similarly; Kaynar et al. (2009) concluded that the 5E model led to a significant change in the epistemological beliefs of sixth
grade students. Howevers, it is seen in the literature that there are also studies applying an inquiry-based approach but could not
provide a significant change in students’ epistemological beliefs. In one of these studies, Caukin (2010) investigated the effect of
argument-based science learning approach on epistemological beliefs of chemistry students. In this study, although the
argument-based science learning approach developed the students’ epistemological beliefs, this development was not
significant. Similarly, Wu and Wu (2011) reported that even though the fifth grade students could develop more advanced
understanding of the nature of science as a result of questioning activities implemented to improve students’ epistemological
beliefs, the vast majority of students did not develop their epistemological beliefs. Based on the current research and related
studies reporting different results in the literature, it can be said that the explicitly reflective approach is more effective than
inquiry-based teaching approaches in developing students’ epistemological beliefs.

CONCLUSION

As a conclusion, EETAM was found to be more effective in the development of students’ epistemological beliefs than TAM and
the method suggested in the current science program. Also, it was determined that TAM did not make a difference compared to
the method suggested in Turkish science curricula. When EETAM and TAM were compared, it was seen that there was no difference
between these two models in terms of developing epistemological beliefs. When the qualitative findings obtained in the study
were examined, no finding was found about epistemological beliefs in the TAM group, but it was found that the EETAM developed
epistemological beliefs in the EETAM group.

RECOMMENDATIONS

In this section, suggestions are made for researchers and science teachers based on the findings of the study. These
recommendations can be listed as follows.

(1)  Theresults of the study showed that the explicit teaching of epistemological beliefs is more effective compared to implicit
teaching. Therefore, explicit teaching of epistemological beliefs should be given priority.

(2)  In this study, the effect of EETAM on epistemological beliefs was investigated. Similarly, it can be investigated how the
epistemologically enrichment of other teaching methods known and used in the literature affects epistemological beliefs.

(3)  While teaching teacher candidates how to use the teaching methods in the teacher training programs, it is recommended
to teach how to integrate the activities and discussions which will develop the students’ epistemological beliefs to these
methods.

(4)  The results of the study showed that within and between groups discussions conducted as part of TAM and EETAM are
effective in development of epistemological beliefs. Therefore, this type of discussions sessions should find more place in
science lessons.
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