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ABSTRACT

The aim of this study was to examine the levels of the arguments developed by the pre-service
science teachers in the argumentation activity prepared through using science and mathematics
integration and their views on the argumentation-based science learning (ABSL) approach. The
working group consisted of the 3rd grade 30 pre-service science teachers studying at a state
university in Turkey. The study employed the qualitative research method. An activity sheet
including science and mathematics concepts which were integrated and argumentation process
and a semi-structured interview form were deployed as data collection tools. Descriptive and
content analyses were used during data analysis. The findings revealed that 7% of the pre-service
teachers made strong arguments and 57% weak arguments. Besides, 36% of them could not
develop an argument. With regard to the levels of the arguments generated by the pre-service
science teachers after the group discussion, all groups, except for one, were found to have strong
arguments. All of the pre-service science teachers stated that the activity was related to science
and mathematics disciplines. They also indicated that inclined plane, force and dynamometer were
used as science concepts in the activity, while triangle, angle, direct proportion and slope as
mathematical concepts. The pre-service science teachers had positive views on ABSL such as the
opportunity to observe, experiment, cognitive and mental development, permanent learning,
opportunity to question and providing group work. The pre-service teachers indicated the
challenges they faced during the ABSL implementation such as convincing groupmates, reaching
the truth based on different ideas, and making claims.

Keywords: Integration of science and mathematics, argumentation-based science learning (ABSL),
pre-service science teachers, argument levels, view.
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INTRODUCTION

Science and mathematics are two interconnected disciplines that are inextricably linked and integrated by nature
(Orton & Roper, 2000). Considering mathematics and science as separate disciplines makes it difficult for
students to transfer their mathematical knowledge to science courses, and thus, they cannot achieve the desired
success in solving the problems they encounter in science (Hoban, 2011). Besides, students may not be aware of
the context of the phenomenon and may be less successful in finding solutions to daily life problems (Frykholm
& Glasson, 2005). In this regard, the integration of mathematics and science is vital for students to be motivated,
to realize meaningful learning, to think critically, and to recognize how different disciplines come together to
solve an authentic problem (Czerniak, 2000; Furner & Kumar, 2007; Wilhelm & Walters, 2006). The studies
conducted on the integration of science and mathematics revealed that integration has a positive effect on
students' inquiry, problem solving, higher-order thinking skills (Berlin & White, 2001), their motivation and

interests (West et al., 2003) and their understanding, performance and attitudes (Berlin & White, 1999).

Mathematics knowledge is paramount in the teaching of science subjects when considered specifically in terms
of science lessons. Bitiner and Uzun (2011) stated that one of the reasons for success or failure in science and
mathematics fields may be due to the relations between these two fields and the lack of basic mathematics
knowledge-skills, which is required in teaching science subjects, in particular, in explaining science to teachers

and students. This may lead to challenges in understanding/teaching science.

As in many disciplines, secondary school students are primarily required to be aware of the interaction between
society and the environment in the discipline of science, and develop an awareness towards contributing to the
economy, the use of natural resources and sustainable development (Sahin et al., 2014). In this vein, they should
be able to research and question, develop arguments through using different disciplines, and make their own
claims based on these arguments and refute the opposing ones (Ministry of National Education [MoNE], 2013;

Hasangebi, 2014).

Teachers must provide scientific discussion environments so that students can express their ideas comfortably
in science lessons, support their ideas with different justifications and develop opposing ideas that will refute the
claims of their peers (MoNE, 2018). Various teaching approaches and techniques are effective in engaging the
students in gaining these skills. Argumentation is a significant method in the development of these skills.
Similarly, learning through argumentation is regarded as a way to build conceptual understanding in
mathematics education (Schwarz et al., 2010). Mathematics curriculum aims to raise students who can create,

inquiry and discuss knowledge (MoNE, 2018).

This study was designed in an effort to reveal the levels of the arguments developed in the argumentation activity
prepared through using the integration of science and mathematics, and the pre-service science teachers’ views
on argumentation-based science learning (ABSL). Hence, the study is momentous in terms of conducting original

studies by developing new and different educational materials under the strength of argumentation-based
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learning method scientific studies as well as being a guide for further studies. The activity used in the
implementation is remarkable since it urges pre-service teachers to use both science and mathematics
knowledge while generating the argument in which the concepts in science and mathematics will be discussed
together. Besides, this study is expected to contribute to the relevant literature in terms of examining the pre-
service science teachers’ views on the argumentation process prepared with the integration of science and

mathematics.

Argumentation

Argumentation is a series of conversations to explain the contrast between two opposing situations or an activity
to reach logical decisions (Kaya & Kilig, 2008). Toulmin (1958) defined argumentation as the process of supporting
and validating the claims with data by presenting reasons, not the process of asserting conflict or mutual claims.
In other words, argumentation can be interpreted as the process by which groups or individuals with similar or
different perspectives evaluate alternative perspectives to solve a problem or make a decision on an issue.
Argumentation practices involve students' processes of making claims about the subject, warranting their
opinions, using the available data, backing their claims or refuting counter-claims. Students use scientific
reasoning in argumentation practices. Moreover, they create their own models by generating hypotheses. They
also test the accuracy of their models by questioning the findings they obtained from the research (Psycharis,

2016).

Argumentation-based learning method is controversially discussed by science educators today. The relevant
literature indicates that the studies based on argumentation in science education were mostly conducted with
pre-service science teachers (Aydin & Kaptan, 2014; Demiral & Cepni, 2018; Demircioglu & Ugar, 2014; Higde &
Aktamis, 2017; Robertshaw & Campbell, 2013; Ozdem et al., 2013). On the other hand, the argumentation
studies in mathematics education were mostly grounded on the examination and analysis of the process (Dinger,
2011; Glnes, 2013; Doruk, 2016; Tekin Dede, 2019; Baynazoglu, 2019), its effect on achievement (Ki¢lik Demir,
2014; Can, 2018; Cervantes-Barraza et al., 2019), conceptual development (Uygun & Akyiz, 2019),
argumentation skills (Krummheuer, 2007; Pesen, 2018; Indrawatiningsih et al., 2020; Tristanti and Nusantra,
2021). Besides, argumentation positively affects argumentation skills by making proof in mathematics education
(Pesen, 2018), collaborative scenario creation and intuitive studies improve argumentation skills (Kollar et al.,
2014), and argument quality positively influences mathematical modeling competence (Solar et al., 2019; Aydin

Gug¢ and Kuleyin, 2021).

The Toulmin argumentation model is generally used in the studies on argumentation (Demircioglu & Ucar, 2014;
Lazarou, 2010; Ogan Bekiroglu & Eskin 2012; Osborne et al., 2004; Riemeier et al., 2010; Robertshaw and
Campbell, 2013; Sadler, 2006; Untereiner, 2013). This model includes data, claim, warrant, backing, qualifier and
rebuttal components. Toulmin (2003) pointed that data, claim and warrant are the main components in an

argument; whereas, backing, rebuttal, and qualifiers are the other supportive components. Basic elements may
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be available in a simple argument, while arguments that are more complex may include all elements. The quality
of an argument is determined by the presence or absence of these elements (Sampson & Clark, 2008). The
related literature highlights that the Toulmin argumentation model components are difficult to understand by
both students and teachers, especially in argumentation studies conducted with secondary school students
(Demirel, 2015; Sadler, 2006). Therefore, Aktamis and Higde (2015) developed the Turkish argumentation model.
The claim in this model refers to a person's response to a question, a thought or concluding sentence about a
topic. Evidence is to make a match by deciding which of the obtained data will support the claim. Data are
observations, measurements, researches, statements. Reasoning indicates the sentences or words that establish
the relationship between the claim and the data. Backing signifies more data and reasoning to strengthen the
claim. Rebuttal includes statements created to invalidate the counter-claim. The Turkish argumentation model
can be used to evaluate the quality of participants' arguments and their level of conceptual knowledge. However,
the Turkish argumentation model attaches importance to the structural justification of the argument
components and their functional compatibility with the model structure as well as the conceptual knowledge

levels (Aktamis & Higde, 2015).

Aim of the Research

This study aims to reveal the level of arguments that pre-service science teachers developed in the
argumentation activity prepared through using science and mathematics integration. Besides, the study
investigated the pre-service teachers' views on the argumentation-based science learning (ABSL) approach after

the activity was finalized. In line with this aim, answers to the following questions were sought.

- What is the level of the arguments generated by the pre-service science teachers in the argumentation

activity prepared through the integration of science and mathematics?

- What are the pre-service science teachers’ views on the argumentation-based science learning (ABSL)

approach after the activity?

METHOD
Research Model

This study employed the qualitative research method to examine the levels of the arguments developed by the
pre-service science teachers in the argumentation activity prepared through the integration of science and
mathematics, and their views on the argumentation-based science learning approach. A qualitative descriptive
survey method was used to reveal the levels of arguments developed by the pre-service teachers. Descriptive
surveys aim to reveal the existing situation of the individuals (Fraenkel & Wallen, 2006). The levels of the
arguments were identified through classification in the present study. Moreover, the pre-service teachers’ views

after the activity were also examined with a qualitative approach.

114



I.I E TSAR (International Journal of Education Technology and Scientific Researches) Vol: 8, Issue: 21, 2023

Participants

This study was conducted with the junior (3rd grade) pre-service science teachers (30) studying at a state
university in Turkey during the fall semester of the 2022-2023 academic year. The reason of selecting juniors as
participants was that they were taking the science teaching method course and this course was suitable for the
purpose of argumentation. The participants were chosen by convenience sampling method, which is an
economical way for researchers, particularly in terms of time. It also helps to reach more participants (Baltaci,
2018). The implementation was carried out with a working group of 4 males and 26 females in the Science

Teaching course.

Data Collection Tools

This study deployed the science and mathematics integration argumentation concept activity prepared by the
researchers to measure the quality of the arguments developed by the pre-service science teachers regarding
the inclined plane subject. The activity encountered in daily life in the concept activity was prepared in
conjunction with inclined plane in science lesson and angles in a triangle in the mathematics lesson. This activity
involves three different claims. The claims raised by the characters in the concept activity were prepared by using
both science and mathematics concepts. The data were collected in writing by means of three open-ended
questions including which of these claims they preferred, the reason for the claim they preferred, and why they

did not agree with the claims. Figure 1 depicts the visual of the data collection tool.
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Figure 1. Data Collection Tool
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A semi-structured interview form consisting of three questions was deployed to examine the pre-service science
teachers’ views on the ABSL approach. Great attention was paid to ensure that the questions were clear and
understandable, that they offered in-depth information, and they were closely related to the subject. After the
concept activity sheet was prepared by the researchers, one science and one mathematics educator having
studies on the integration of science and mathematics analyzed the tool. Afterwards, the questions were
rearranged in line with the expert views. The interview questions were also examined by an expert from a science

education field, and the form got its final version.

Data Analysis

Descriptive and content analyses were used during data analysis. Karatas (2017) defined descriptive analysis as
the categorization and interpretation of data. Descriptive analysis was used to examine the activity papers filled
by the pre-service teachers both individually and as a group. The pre-service teachers' concept activity papers
were analyzed according to the Turkish Argumentation Model Rubric (Aktamis & Higde, 2015). The steps in the
rubric were revised in line with the views of science and mathematics education experts in terms of developing
arguments through using science and mathematics concepts. Accordingly, the students' use of mathematics and
science concepts in the backing and refuting phases was also evaluated. The Turkish Argumentation Model

Rubric, which was revised in accordance with the aim of the study, is displayed as follows.

Table 1. The Turkish Argumentation Model Rubric

Component 0 (none) 1 (weak) 2 (strong)

A definite and complete
claim (Precision and
completeness are the

No claim or Definite but incomplete correct expressions of the

imprecise claim claim concept or concepts that
the students are expected
to gain according to their
grade levels)

Claim
A claim or result responds to the
original question.

a. Data Provide the data by
L Data presented from .
. Data included to support  Wrong or not . . . . comparison. Make use of
Evidence . . their experiences in daily . s
o the claim mentioned at all . experimental and scientific
Scientific life
data.
data -
b. Reasonin
supports L .
the claim Statement constituting  Wrong or not Insufficient reasonin Adequate reasoning
the evidence together mentioned at all & supported by scientific data
with the data
There is more than one
. No backing- wrong  There is one backing .
Backing . . backing
. . or not mentioned (Use of Science or .
Conceptual quality of backing ) (Use of Science and
atall Mathematics concepts) .
Mathematics concept)
. There is more than one
No rebuttal- There is one rebuttal
Rebuttals . rebuttal
Explanations for the counterclaim wrong or not (Use of Science or (Use of Science or
P mentioned at all Mathematics concepts)

Mathematics concepts)

As in Table 1, there should be explanations using both mathematics and science concepts while generating the

backing and rebuttal components in addition to claim, data, reasoning to make a strong argument. The
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classifications in Table 1 were ranked as none (0), weak (1), and strong (2). The data were re-evaluated with the
expert view and got its final version. Content analysis was used to examine the data obtained from the semi-
structured interview form. The data were listed as categories and codes in tables. Codes and categories were
created by the researchers by examining them separately. Afterwards, the coders agreed on the codes and

reached a final decision.

Procedure

The pre-service science teachers were initially informed about ABSL. Then, preliminary information about a
scientific argument was provided by showing sample arguments. The implementation was carried out in three
lesson hours in the science laboratory. Before the implementation, the pre-service teachers were requested to
form groups. A total of seven groups were formed. The data of the groups were indicated in the findings as G1,
G2, G3,... The ABSL activity prepared by the researchers was introduced to the whole class; however, the
concepts of different disciplines were not specified. The ABSL activity was prepared with concept activity. The
pre-service teachers were requested to write which of the claims of the characters in the concept activity they

agreed with and their reasons. They were also asked to use the concepts they found in the activity.

The pre-service teachers were informed about using the disciplines related to the activity while developing the
argumentation elements. First of all, they were asked to fill in the argumentation concept activity individually.
Hence, individual argument qualities were identified. The data obtained individually from the pre-service
teachers are depicted in the findings as S1, S2.... Thereupon, the same concept activity was performed as a group
work and they were requested to express their common ideas through exchanging ideas. A group discussion was
also provided so that the pre-service teachers could defend their claims and reach a common decision as a group.
They were also asked to form the data by experimenting the event encountered in daily life on the activity sheet.
In this way, pre-service teachers were provided the opportunity to prove and evaluate the claims available in the
activity (Figure 2). Lastly, the groups presented their arguments to the class with their proofs and the process
was terminated. The pre-service teachers’ views on the argumentation-based science learning approach were

sought after the implementation via a semi-structured interview form.
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Figure 2. Pre-Service Teachers' Practices
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FINDINGS

This section covers the findings with regard to the analysis on the level of arguments developed by the pre-
service science teachers in the argumentation activity prepared through the integration of science and

mathematics and their views on the implementation.

Activity sheets were distributed individually to the pre-service science teachers in order to reveal their

arguments’ levels. Table 2 summarized the findings.

Table 2. The Pre-Service Teachers’ Argument Levels

Argument Level Number of pre-service teachers  The pre-service teachers with argument levels
No argument 11 $6,16,18,20,24,25,26,27,28,29,30

Weak argument 17 S1,2,3,5,7,8,9,10,11,12,13,15,17,19,21,22,23
Strong argument 2 54,14

Table 2 suggests that 11 of the pre-service science teachers could not develop an argument, and 17 of whom
generated weak arguments. Besides, two pre-service science teachers were identified to make strong arguments.
On analyzing the activity papers according to the Turkish argumentation model steps, 19 (76%) of the pre-service
teachers found the correct claims. However, their statements were insufficient by integrating science and
mathematics concepts (30%) to support these claims. Some examples of the arguments developed by the pre-

service teachers are displayed as follows.

S4: Strong Argument: “If we increase the angle that the inclined plane makes with the horizontal, it can come out
by applying more force to the barrel. For instance, if the angle with the horizontal is 30 degrees, the inclination

of the inclined plane is less. If it is 90 degrees, the inclination of the inclined plane will be more and it will be
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difficult to remove the barrel. The smaller the angle, the less force applied.” (S4 found the right claim on the

activity sheet. The participant used both science and mathematics concepts correctly while confirming the claim.)

S14: Strong Argument: “If we increase the angle, we will have to apply more force to the barrel. The smaller the
angle is, the more horizontal and the lower the slope is. Our path and the movement of the barrel become easier.
The larger the angle, the more force it requires. It is an indication that we do not get tired when the road is
straight.” (514 found the right claim in the activity sheet. The participant used both science and mathematics

concepts correctly while confirming the claim.)

S2: Weak Argument: “If the angle increases, the perpendicularity of the inclined plane will increase and thus we
will have to apply more force. More force is needed to increase the load.” (S2 found the right claim on the activity

sheet. The participant only used the concept of science while confirming the claim)

S5: Weak Argument: “If the angle of the inclined plane with the horizontal increases, the inclination of the plane
will increase; therefore, it will be difficult to remove the load.” (S5 found the right claim on the activity sheet. The

participants confirmed the claim only with the concept of mathematics)

S21: Weak Argument: “As the slope increases, the force we apply increases.” (S21 found the right claim on the

activity sheet. The participants confirmed the claim only with the concept of mathematics)

As regards the activity papers, the pre-service teachers were determined to use the concept of perpendicularity
(65%) and backed their claims based on this concept while confirming. Some examples of the arguments made

by the pre-service teachers are suggested as follows.

S9: Weak Argument: “As the angle increases, the force to be applied increases as the inclined plane becomes

steeper. Therefore, the load is more difficult to remove.”

$19: Weak Argument: “As the angle increases, the plane will become steeper, which leads us to apply more force.

The smaller the angle, the flatter the ground and the less force we exert.”

The pre-service teachers (20%) were found to make false claims. Here are some examples of the arguments made

by the pre-service teachers.

S28: No Argument: “If we increase the angle of the inclined plane with the horizontal, we will apply less force and

the operation will be completed with less force.”

$29: No Argument: “As the angle increases in the inclined plane, the force we apply to the object decreases, and

hence the object can come out more easily.”

S25: No Argument: “The applied force does not change since no change is observed in the angle of the inclined

plane with the vertical plane. Therefore, the same force is applied.”
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The same activity sheet was distributed to the pre-service science teachers as a group study to reveal the level

of arguments they developed by discussing with their groupmates. Table 3 shows the elicited findings.

Table 3. Argument Level of the Groups

Argument level Number of group Groups with argument levels
No argument 0

Weak argument 1 G4

Strong argument 6 G1,2,3,5,6,7

Upon analyzing the argument levels of the groups developed by the pre-service science teachers, one group was
determined to have weak arguments, while the others strong arguments. When the activity papers completed
by the groups through the exchange of ideas were examined according to the Turkish argumentation model
steps, all groups were noted to find the right claim. All groups were able to have strong arguments except for
G4. The groups creating strong arguments explained the backing and rebuttal components of the arguments
through using science and mathematics concepts. Since G4 did not use the rebuttal step, the argument was
placed in the weak category. Some examples of different argument levels created as a group are suggested

below.

G1: Strong Argument: “As the angle gets closer to 90°, the slope increases and we will have to apply more force.
Angle and force are directly proportional. The force we apply increases or decreases according to the change in
angle. The data obtained as a result of the experiment confirm our claim. It is invalid in cases where there is no
slope.” (G1 found the correct claim in the activity sheet. The group used both science and mathematics concepts

correctly while confirming their claim. They used the rebuttal component.)

G5: Strong Argument: “As we increase the angle, the force to be applied will increase as the height of the inclined
plane increases. Force is directly proportional to height. We observed that when we increase the angle, the value
on the dynamometer increases. This confirmed our claim. It is invalid when the plane does not make an angle
with the horizontal.” (G5 found the correct claim in the activity sheet. The group used both science and

mathematics concepts correctly while confirming the claim. They used the rebuttal component.)

G4: Weak Argument: “If we increase the angle it makes with the horizontal, it will come out by applying more
force to the barrel. If the slope increases, the applied force increases. As the slope decreases, the applied force
also decreases. We proved this with our experiment. The dynamometer showed greater value on the inclined
plane with a greater inclination.” (G4 found the correct claim in the activity sheet. They did not use science
concepts sufficiently by focusing on the linear ratio and the numerical value in the dynamometer while

confirming their claim. They did not specify the rebuttal component.)

At the end of the implementation, the pre-service science teachers were requested to express which disciplines
were used in the activity sheet and what the concepts of these disciplines were. The findings regarding the pre-

service teachers’ views are summarized in Table 4.

120



I.l E TSAR (International Journal of Education Technology and Scientific Researches) Vol: 8, Issue: 21, 2023

Table 4. Frequency of Finding the Disciplines and Concepts Used in the Activity by Pre-Service Teachers

Related disciplines Concepts Use frequency
Inclined plane 30

Science Force 30
Dynamometer 21
Angle 30
Triangle 30

Mathematics Direct proportion 24
Slope 21
Perpendicularity 12

As in Table 4, all of the pre-service science teachers emphasized that the activity was prepared through using
science and mathematics disciplines. Upon examining the views on the concepts of these two disciplines, they
were found to mostly use the concepts of inclined plane (f=30), force (f=30) and dynamometer (f=21) as science

concepts, while angle (f=30), triangle (f=30), direct proportion (f=24), and slope (f=21) as mathematics concepts.
p g g prop p p

Findings Related to the Second Sub-Problem

A semi-structured interview form was administered to the pre-service science teachers to determine their views

on ABSL. The findings are presented in Table 5 as categories and codes.

Table 5: The Pre-Service Science Teachers’ Views on ABSL

Category Code Frequency
Facilitating learning 4
Permanent learning 6
Opportunity for integrating knowledge 1
Positive aspects O.ppor.tunity for experimental observation 11
Visuality 2
Allowing to question 6
Ensuring cognitive and mental development 11
Providing group work 5
Time consuming 12
Shared decision making 4
Negative aspects Confusing 3
Readiness 2
Crowded classroom 1
Making a claim 2
The Challenges Convincing the groupmates 7
Reaching the truth based on different ideas 7

Table 5 suggested that the pre-service science teachers’ views on ABSL were categorized as positive, negative
and challenges encountered during the implementation process. Positive views on ABSL mostly referred to such
codes as the opportunity to observe, experiment (f=11), cognitive and mental development (f=11), permanent
learning (f=6), opportunity to question (f=6), providing group work (f=5) and facilitating learning (f=4). On the
other, the emerging codes were identified as time consuming (f=12), shared decision making (f=4), confusing
(f=2) and crowded class (f=1) in relation the negative views on ABSL. As for the challenges faced during the ABSL
implementation, the codes were determined as convincing groupmates (f=7), reaching the truth based on

different ideas (f=7) and making the claims (f=2).
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CONCLUSION and DISCUSSION

This study sought for two sub-problems to examine the level of arguments developed by the pre-service science
teachers in the argumentation activity prepared through using the integration of science and mathematics, and
their views on the implementation. In line with this aim, the study identified the levels of the arguments
generated by the pre-service teachers with the integration of science and mathematics. Argument levels were
first determined individually. The findings revealed that 7% of the pre-service teachers made strong arguments
and 57% weak arguments. Besides, 36% of them could not develop an argument. The arguments developed by
the pre-service teachers were determined according to the Turkish argumentation model steps (Aktamis &
Higde, 2015). The model suggested that 76% of the pre-service teachers identified the correct claims in the
activity sheet, yet their verification skill levels were insufficient in terms of integrating science and mathematics
in the backing and rebuttal steps. This indicates that the pre-service teachers did not realize the relationship
between science and mathematics sufficiently and they avoid making connection with mathematics while
defending their claims. Similar results emerged concerning the studies on the ability to develop arguments.
Topgu et al., (2011) noted that the majority of the pre-service science teachers defended their claims with
justifications, but failed to use rebuttals. The pre-service teachers were also requested to make a group
discussion by means of the same activity sheet. They were given the opportunity to experiment with the aim of
proving their arguments during group discussion. Hence, a more qualified discussion process was ensured. With
regard to the levels of the arguments developed by the pre-service science teachers after the group discussion,
all groups, except for one, were found to have strong arguments, meaning that group discussion increases the
pre-service teachers’ argument levels. Aufschnaiter et al., (2008) pointed out that the argumentation process
provides students with the opportunity to complete their current knowledge and improve their scientific
knowledge as they use their prior knowledge. Giilhan (2012) concluded that the eighth-grade students made
claims on socio-scientific issues before the discussion activity, but did not support these claims. After the group
discussion method, the students were identified to structure their claims better and supported their ideas with
stronger arguments. Likewise, Untereiner (2013) noted that students produced more arguments as a group and
in collaboration. Evagorou and Osborne (2013) also pinpointed that students who performed group work were
able to create high-level arguments. When the levels of the arguments created by the pre-service teachers as
individually and as a group were compared, the arguments formed as a group were found to be stronger. This
may be because the pre-service teachers integrate both science and mathematics concepts within the context

of the inclined plane when they work as a group.

A semi-structured interview form was administered to the pre-service science teachers after the implementation
in order to examine their views on ABSL. Accordingly, the pre-service science teachers underlined that the activity
was prepared through using science and mathematics disciplines. They also implied that the science concepts
included in the activity were inclined plane, force and dynamometer, while angle, triangle, direct proportion and
slope as mathematical concepts. This paved the way for the fact that the pre-service science teachers realized

the concepts of science and mathematics and expressed them correctly. Considering the pre-service science
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teachers’ views on ABSL, they were determined to share both positive views as the opportunity to observe,
experiment, cognitive and mental development, permanent learning, the opportunity to question and providing
group work, and negative views like time-consuming, shared decision making and confusing. In addition, the pre-
service teachers mentioned the challenges they faced during the ABSL implementation such as convincing
groupmates, reaching the truth based on different ideas, and making claims. In the study conducted by Timay
and Koseoglu (2010), the pre-service teachers emphasized that argumentation-based instruction enables active
participation, creates meaningful learning, and improves students’ thinking and questioning skills. Likewise,
Yildirir and Nakiboglu (2014) announced that argumentation encourages students to discuss, value and listen to
different views and perspectives. As to the analysis of the qualitative studies on the effectiveness of the
argumentation method, the argumentation method was found to be more effective than the traditional
approach, supported conceptual learning and was preferred more by students (Kabatas Memis, 2014; Kingir et
al., 2011). When it comes to the studies on the limitations of argumentation, most of them revealed that there
might be disadvantages such as taking a lot of time, being difficult to implement, and confusion (Aydemir et al.,
2018). Besides, some studies demonstrated that the classroom size is crowded, student readiness is insufficient

and time is limited (Aktamis & Atmaca, 2016; Aydin & Kaptan, 2014; Higde & Aktamis, 2017).

RECOMMENDATIONS

Based on the research findings, some recommendations were provided:

e The results suggested that the pre-service science teachers had difficulties in developing individual
arguments and their ability to verify their knowledge was insufficient. In this context, it is necessary to
increase the inquiry-based practices within curricula. This may contribute to raise individuals who have
the ability to verify and question knowledge.

e The study revealed that the arguments developed as a result of the group discussion were of higher
quality than those created individually. Therefore, argumentation-based studies may concentrate on
group activities along with individual activities considering that they improve argument creation.

e This study employed an argumentation activity for inclined plane topic prepared through using the
integration of science and mathematics. Such studies maybe conducted on different connected science
and mathematics subjects.

e This study determined the level of arguments of preservice science teachers. Further studies may be
carried out to determine how pre-service teachers individually construct arguments with the integration
of science and mathematics.

e  Studies examining how accurately the concepts used in the integration of science and mathematics are
used in argumentation activities may also give an idea regarding the pre-service teachers’ concept

knowledge.
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e The results also demonstrated that the pre-service teachers had some challenges during the
implementation process. It is recommended that ABSL practices should be implemented frequently in

both science and mathematics teacher training programs to overcome these difficulties.
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FEN VE MATEMATIK ENTEGRASYONU KULLANILARAK OLUSTURULAN ARGUMANLARIN
DUZEYLERINiN BELIRLENMESI

0z

Bu arastirmanin amaci, fen bilgisi 6gretmen adaylarinin fen ve matematik entegrasyonu
kullanilarak hazirlanan arglimantasyon etkinliginde olusturduklari argiimanlarin dizeylerini ve
arglimantasyon tabanl bilim égrenme (ATBO) yaklasimi hakkindaki diisiincelerini incelemektir.
Arastirmanin calisma grubunu Tirkiye’de bir devlet Gniversitesinde 6grenim gérmekte olan 30
kisiden olusan 3. sinif fen bilgisi 6gretmeni adaylari olusturmaktadir. Calismada nitel arastirma
yonteminden faydalaniimistir. Veriler fen ve matematik entegrasyonu arglimantasyon kavram
karikatur etkinlik kagidi ve yari yapilandirilmis gériisme formu kullanilarak elde edilistir. Elde edilen
verilerin analizinde betimsel ve icerik analizi kullanilmistir. Elde edilen bulgulara goére bireysel
olarak 6gretmen adaylarinin %7’sinin glicli argliman %57’sinin zayif argiiman olusturdugu; bunun
yaninda %36’sinin ise argliman olusturamadiklar tespit edilmistir. Grup tartismasi sonrasinda
olusturulan arglimanlarin dizeyleri incelendiginde bir grup hari¢ diger tim gruplarin gugla
argimanlar olusturduklari tespit edilmistir. Arastirmaya katilan fen bilgisi 6gretmen adaylarin
tamami etkinligin fen ve matematik disiplinleri ile iliskili oldugunu belirtmislerdir. Etkinlikte
kullanilan fen kavramlarinin egik dizlem, kuvvet ve dinamometre; matematik kavramlarinin ise,
Uggen, acl, dogru oranti ve egim oldugunu ifade etmislerdir. Uygulama sonunda fen bilgisi
dgretmen adaylari ATBO ile ilgili deney gdzlem sansi, bilissel ve zihinsel gelisim, kalici 6grenme,
sorgulamaya firsat verme ve grup calismasi saglama gibi olumlu goriisler belirtmislerdir. Ogretmen
adaylarinin uygulama sirasinda karsilastiklari zorluklarla ilgili gorislerini; grup arkadasini ikna etme,
farkh fikirlerden yola ¢ikarak dogruya ulagsma ve iddialar ileri siirme seklinde belirttikleri
gorialmustar.

Anahtar kelimeler: Fen ve matematik entegrasyonu, arglimantasyon tabanli bilim 6grenme
(ATBO), fen bilgisi 6gretmen adaylari, argiiman diizeyleri, gériis.
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GiRiS

Fen ve matematik, birbiriyle yakindan iliski igerisinde ve bir biitlinliik halinde olan, birbirine bagh iki disiplindir
(Orton ve Roper, 2000). Fen bilimlerini ve Matematigi ayri birer disiplin olarak gérmek, 6grencilerin matematik
bilgilerini fen bilimleri derslerine transfer etmelerini zorlastirmakta ve bunun sonucunda 6grenciler fen
bilimlerinde karsilarina ¢ikan problemlerin ¢dziimiinde istenilen basariyi gosterememektedirler (Hoban, 2011).
Bunun yaninda 6grenciler, incelenen olgunun farkina varamayabilirler ve giinlik hayat problemlerini ¢ozmede
daha az basaril olabilirler (Frykholm ve Glasson, 2005). Bu nedenle matematik ve fen entegrasyonu; 6grencilerin
motive olmasi, anlamh 6grenmeyi gerceklestirebilmeleri, elestirel diistinebilmeleri ve farkli disiplinlerin bir araya
gelerek otantik bir problemi nasil ¢ézebileceginin farkina varmalari agisindan 6nemlidir (Czerniak, 2000; Furner
ve Kumar, 2007; Wilhelm ve Walters, 2006). Fen ve matematik entegrasyonu ile yapilan galismalarda,
entegrasyonun 6grencilerin hem fen hem de matematik icin sorgulama, problem ¢ézme, (st diizey diisiinme
becerilerine (Berlin ve White, 2001), motivasyon ve ilgilerine (West vd., 2003) anlayis, performans ve tutumlarina

(Berlin ve White, 1999) olumlu etkileri oldugu belirtilmektedir.

Fen bilimleri dersi agisindan 6zel olarak ele alindiginda, fen bilimleri konularinin 6gretiminde matematik bilgisinin
oldukca onemli oldugu séylenebilir. Bitliner ve Uzun (2011) fen ve matematik alanlarina yonelik basari veya
basarisizhigin nedenlerinden birinin bu iki alanin birbiriyle olan iliskilerinden kaynakli olabilecegini ve 6zellikle de
fen bilimleri derslerine ait konularin 6gretiminde gerekli olan temel matematik bilgi-becerisinin, égrencilerde
yetersiz olmasinin 6gretmenlere ve Ogrencilere fen bilimlerini anlatmada/anlamada sikintilar yaratacagi ve

bunun basariya yansiyacagini ifade etmektedir.

Fen bilimlerinde 6grencilerden oncelikli olarak istenen; kisilerin, toplum ve gevre arasindaki iliskinin farkina
varmasil, birey olarak dogal kaynaklarin kullanilmasina, ekonomiye ve sirdirilebilir kalkinmaya katki saglama
bilincini gelistirmesidir (Sahin vd., 2014). Bu sonucu olarak 6grencilerin istenilenleri gerceklestirmeleri igin
arastirma-sorgulama yapabilmesi, farkh disiplinlerden vyararlanarak argiimanlar olusturabilmesi ve bu
argimanlardan yola c¢ikarak kendi iddialarini olusturup zit olanlari da curitebilmeleri gerekir (Milli Egitim

Bakanlhgi [MEB], 2013; Hasancebi, 2014).

Fen bilimleri 6gretim programinda, 6grencilerin fen derslerinde fikirlerini rahat bir sekilde ifade edebilmeleri,
fikirlerini farkh gerekgeler ile destekleyebilmeleri ve akranlarinin iddialarini ¢iiritecek karsit fikirler
gelistirebilmeleri icin 6gretmenler tarafindan bilimsel tartisma ortamlarinin saglanmasi gerekir (MEB, 2018).
Ogrencilerde bahsedilen bu becerilerin kazandirilmasinda, 6nemli &gretim yaklasimlari ve teknikleri
bulunmaktadir. Argimantasyon bu becerilerin 6grencilere kazandirilmasinda onemli bir yontemdir. Benzer
sekilde matematik egitiminde de arglimantasyonla 6grenmenin kavramsal anlamanin olusturulmasinda bir yol
oldugu vurgulanmaktadir (Schwarz vd., 2010). Matematik dersi 6gretim programinda da 6grencilerin bilgiyi

olusturabilen, sorgulayan ve tartisabilen bireyler olmasi hedeflenmektedir (MEB, 2018).
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Bu calisma, fen bilgisi 6gretmen adaylarinin fen ve matematik entegrasyonu kullanilarak hazirlanmig
argimantasyon etkinliginde olusturulan argiimanlarin dizeylerini ve 6gretmen adaylarinin arglimantasyon
tabanh bilim 6grenme (ATBO) ile ilgili diisiincelerini ortaya ¢ikarmayi amaglamaktadir. Bu bakimdan calisma,
argimantasyona dayali 6grenme ydntemi bilimsel calismalar isiginda yeni ve farkh egitim materyalleri gelistirerek
0zglin ¢alismalar yapiimasi ve bu konuda yapilacak akademik ¢alismalara 6rnek olmasi bakimindan 6nem
tasimaktadir. Uygulamada kullanilan etkinlik, 6gretmen adaylarinin fen ve matematikte yer alan kavramlarin
birlikte ele alinacagi argiimani olusturma sirasinda hem fen bilgilerini hem de matematik bilgilerini kullanmalarini
gerektirmesi acgisindan 6nemlidir. Ayrica ¢alismada; fen bilgisi 6gretmen adaylarinin fen ve matematik
entegrasyonu kullanilarak hazirlanmis arglimantasyon sireci ile ilgili 6gretmen adaylarinin gorislerinin

incelenmesi de alana katki sunacak diger bir nokta olarak diistilmektedir.

Argiimantasyon

Arglimantasyon, birbirine zit iki durum arasindaki karsithgi agiklamak igin yapilan konusmalar dizisi veya mantikh
kararlara ulagsmak icin yapilan bir etkinliktir (Kaya ve Kilig, 2008). Toulmin’e (1958) gore arglimantasyon ise
karsihkli iddialar 6ne siirme siireci degil gerekgeler ortaya koyarak iddialarin veriler ile desteklenip gecerlenmesi
surecidir. Bir diger ifade ile arglimantasyon, birbirine benzer veya farkli bakis agilarina sahip bireylerin bir konuda
karar vermek amaciyla alternatif bakis acilarini degerlendirmeye aldiklari sire¢ olarak yorumlanabilir.
Argliimantasyon uygulamalarn ise oOgrencilerin konu ile ilgili iddia olusturma, olusturduklar iddialar
gerekgelendirebilme, elde edilen verileri kullanma, iddialarini savunma veya karsit iddialari ¢liritme siireglerini
iceren uygulamalardir. Ogrenciler argiimantasyon uygulamalarinda bilimsel olarak muhakeme yaparlar. Ayrica
ogrenciler hipotez tireterek kendi modellerini olustururlar. Arastirmadan elde ettikleri bulgulari sorgulayarak

modellerinin dogrulugunu test ederler (Psycharis, 2016).

Argimantasyona dayali 6grenme yontemi ginimizde fen egitimcileri tarafindan yogun bir sekilde
vurgulanmaktadir. Fen bilimleri egitimi alanyazini incelendiginde yiritilen arastirmalarin cogunlukla 6gretmen
adaylari ile yurutilmis olmasi dikkat cekmektedir (Aydin ve Kaptan, 2014; Demiral ve Cepni, 2018; Demircioglu
ve Ugar, 2014; Higde ve Aktamis, 2017; Robertshaw ve Campbell, 2013; Ozdem vd., 2013). Diger taraftan
matematik egitiminde yapilan arglimantasyon c¢alismalarina bakildiginda, slirecin incelenmesi ve analizi (Dinger,
2011; Glnes, 2013; Doruk, 2016; Tekin Dede, 2019; Baynazoglu, 2019), basariya etkisi (Kliglik Demir, 2014; Can,
2018; Cervantes-Barraza vd., 2019), kavramsal gelisim (Uygun ve Akyiiz, 2019), argliman becerileri (Krummbheuer,
2007; Pesen, 2018; Indrawatiningsih vd., 2020; Tristanti ve Nusantra, 2021) gibi konulara odaklanildig
goriilmektedir. Ayrica arglimantasyonun matematik egitiminde ispat yaparak argiimantasyon becerisini olumlu
etkiledigi (Pesen, 2018), is birligi yaparak senaryo olusturmanin ve sezgisel calismalarin argimantasyon becerisini
gelistirdigi (Kollar vd., 2014), argiiman kalitesinin matematiksel modelleme yeterligini olumlu yonde etkiledigi de

(Solar vd., 2019; Aydin Gli¢ ve Kuleyin, 2021) goriilmektedir.
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Argimantasyon ile ilgili yapilan calismalarda genellikle Toulmin arglimantasyon modeli kullanilmaktadir
(Demircioglu ve Ugar, 2014; Lazarou, 2010; Ogan Bekiroglu ve Eskin 2012; Osborne vd., 2004; Riemeier vd., 2010;
Robertshaw ve Campbell, 2013; Sadler, 2006; Untereiner, 2013). Bu modele goére veri, iddia, gerekge, destek,
sinirlayici/niteleyici ve guritme 6geleri bulunmaktadir. Toulmin'e (2003) gére bir arglimanda veri, iddia ve
gerekce temel 6gelerken; destek, cliritme ve sinirlayicilar yardimci 6gelerdir. Temel 6geler basit bir argimanda
bulunurken daha karmasik arglimanlarda tim 6geler yer alabilir. Bir arglimanin kalitesini bu dgelerin varligi veya
yoklugu belirlemektedir (Sampson ve Clark, 2008). Alan yazin incelendiginde 6zellikle ortaokul 6grencileriyle
yapilan arglimantasyon ¢alismalarinda Toulmin argimantasyon model basamaklarinin hem 6grenciler hem de
ogretmenler tarafindan anlamakta zorlanildigi gériilmektedir (Demirel, 2015; Sadler, 2006). Bu nedenle Aktamis
ve Higde (2015) Tiirk¢e argimantasyon modelini gelistirmislerdir. Bu modelde iddia; bir kisinin soruya verdigi
cevap, bir konu hakkindaki diisiince veya sonug climlesidir. Kanit; elde edilen verilerin hangisinin iddiayi
destekleyecegine karar vererek eslestirme yapmasidir. Veri; gézlemler, élgimler, arastirmalar, sdylenen ifadeler
ve verilen bilgilerdir. Akil yiiriitme; iddia ve veri arasinda iliskiyi kuran ciimle veya kelimelerdir. Destekleyici;
iddiayi gliclendirmek igin daha fazla veri ve akil yurtitmelerdir. Curttlcu; karsit iddiayi gegersiz hale getirmek igin
olusturulan ifadelerdir. Tiirkge arglimantasyon modeli katilimcilarin arglimanlarinin kalitesini ve kavramsal bilgi
diizeylerini degerlendirmek icin kullanilabilir. Ancak Tiirkge argiimantasyon modeli, argiiman bilesenlerini yapisal
olarak gerekgelendirmeye ve fonksiyonel olarak model yapisina uyumunun yaninda kavramsal bilgi diizeylerine

onem vermektedir (Aktamis ve Higde,2015).

Aragtirmanin Amaci

Bu arastirmanin amaci, fen bilgisi 6gretmeni adaylarinin fen ve matematik entegrasyonu kullanilarak hazirlanan
argimantasyon etkinliginde olusturduklari argiimanlarin diizeyini belirlemektir. Ayrica 6gretmen adaylarinin
etkinlik sonrasinda argiimantasyon tabanli bilim 6grenme (ATBO) yaklasimi hakkinda diisiinceleri de

incelenmistir. Bu amac dogrultusunda asagida yer alan sorulara cevap aranmistir.

- Fen bilgisi 0gretmeni adaylarinin fen ve matematik entegrasyonu kullanilarak hazirlanan

argimantasyon etkinliginde olusturduklari argimanlarin diizeyi nasildir?

- Fen bilgisi 6gretmen adaylarinin etkinlik sonrasinda argiimantasyon tabanli bilim 6grenme (ATBO)

yaklasimi hakkinda diistinceleri nelerdir?

YONTEM

Arastirma Modeli

Arastirmada fen bilgisi 6gretmen adaylarinin fen ve matematik entegrasyonu kullanilarak hazirlanan
argiimantasyon etkinliginde olusturduklari argimanlarin diizeylerini ve argimantasyon tabanli bilim 6grenme
yaklasimi hakkindaki diisiincelerini incelemek amaciyla nitel arastirma ydénteminden faydalaniimistir. Ogretmen

adaylarinin olusturduklari argiimanlarin dizeylerini incelemede nitel bir yaklasimla betimsel tarama yontemi
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kullanilmigtir. Betimsel taramada bireylerin bulundugu durumu agik¢a ortaya koymak amaglanmaktadir (Fraenkel
& Wallen, 2006). Bu ¢alismada da olusturulan argimanlarin dizeyleri siniflandirilarak ortaya gikarilmistir. Ayrica

o0gretmen adaylarinin etkinlik sonrasindaki gorisleri de nitel bir yaklasimla incelenmistir.

Calisma Grubu

Calisma, 2022-2023 &gretim yili guiz yariyilinda Tirkiye’de bir devlet Gniversitesinde 6grenim gormekte olan 3.
sinif fen bilgisi 6gretmeni adaylar (30) ile gergeklestirilmistir. 3. Sinif 6gretmen adaylarinin tercih edilmesinin
sebebi fen 6gretimi dersinin bu diizeyde yer almasi ve bu dersin arglimantasyon siirecine uygun olmasidir.
Katihmcilar belirlenirken kolay ulasilabilir (uygun) érneklem yéntemi kullaniimistir. Bu yontem, arastirmacilar
acisindan 6zellikle zaman agisindan ekonomik bir yoldur. Ayrica daha ¢ok katilimciya ulasmaya yardimci olur

(Baltaci, 2018). Uygulama, 4’ erkek 26si kiz olan ¢alisma grubuyla Fen Ogretimi dersinde gerceklestirilmistir.

Veri Toplama Araglari

Arastirmada fen bilimleri 6gretmen adaylarinin egik diizlem konusuna ait olusturduklari argimanlarin kalitesini
o6lgmek amaciyla, arastirmacilar tarafindan hazirlanan fen ve matematik entegrasyonu arglimantasyon kavram
karikatlru etkinligi kullanilmistir. Kavram karikatuiri etkinligindeki giinlik yasamda karsilasilan olay, fen bilimleri
dersinde egik diizlem; matematik dersinde lg¢gende ag¢i konusu iliskilendirilerek hazirlanmigtir. Bu etkinlik
icerisinde Ug farkh iddia bulunmaktadir. Kavram karikatirinde yer alan karakterlerin savunduklari iddialar hem
fen kavramlari hem de matematik kavramlari kullanilarak hazirlanmistir. Bu iddialardan hangisini tercih ettikleri,
tercih ettikleri iddianin gerekgesini ve katilmadiklari iddialara neden katilmadiklarini igeren 3 agik uglu soru
yardimiyla veriler yazili olarak toplanmistir. Kullanilan veri toplama aracinin gorseli asagida Sekil 1'de

verilmektedir.

Egik dazle min

Desteklediginiz iddia:

iddianizin gerekgesi nedir?

Katilmadiginiz iddialar nelerdir? Neden?

Sekil 1. Veri Toplama Araci
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Ogretmen adaylarinin ATBO yaklasimina iliskin gériislerini belirlemek icin 3 sorudan olusan yari yapilandiriimig
gorisme formu uygulanmistir. Form hazirlanirken sorularin agik ve anlasilir olmasina, derinlemesine bilgi elde
edebilmeye, konu disina yénlendirmemesine dikkat edilmistir. Veri toplama amaciyla hazirlanmis olan kavram
karikatlru etkinlik kagidi arastirmacilar tarafindan hazirlandiktan sonra fen ve matematik entegrasyonu ile ilgili
¢alismalari olan bir fen ve bir matematik egitimcisi alan uzmanina verilmis, uzman gordisleri dogrultusunda verilen
sorular yeniden dizenlenmistir. Hazirlanan goriisme sorulari da bir fen egitimi alanindan uzman tarafindan

incelenerek gériisme formuna son hali verilmistir.
Veri Analizi

Elde edilen verilerin analizinde betimsel ve icerik analizi kullanilmistir. Karatas (2017) betimsel analizi verilerin
diizenlenerek yorumlanmasi olarak ifade etmistir. Ogretmen adaylarinin hem bireysel hem de grup olarak
doldurduklari etkinlik kagitlar betimsel olarak analiz edilmistir. Ogretmen adaylarinin kavram karikatiirii etkinlik
kagrtlarinin analizi, Tiirkge Arglimantasyon Modeli Derecelendirme Olgegine (Aktamis ve Higde, 2015) gére analiz
edilmistir. Derecelendirme 6l¢eginde yer alan basamaklar, fen ve matematik egitimi alan uzmanlarinin gorusleri
dogrultusunda fen matematik kavramlarini kullanarak argiiman olusturma durumuna gore revize edilmistir.
Buna gore 6grencilerin destekleyici ve ¢uritici basamaginda matematik ve fen kavramlarini kullanma durumu
da degerlendirilmistir. Arastirmanin amacina uygun olarak revize edilmis Tirkce Arglimantasyon Modeli

Derecelendirme olcegi asagida sunulmustur.

Tablo 1. Tiirkge Argiimantasyon Modeli Derecelendirme Olcegi

Bilesen 0 (yok) 1 (zayif) 2 (glgli)
Kesin ve tam bir iddia
(Kesinlik ve tamlik,

lddia Bir iddia yok veya kesin Kesin fakat ogrencinin sinif dzeyine

Bir iddia veya sonug orijinal
soruyu cevaplar.

olmayan iddia

tamamlanmamis iddia

gore kazandirilmasi istenen
kavram veya kavramlari
dogru bir sekilde ifade
etmesidir.)

a.Veri
iddiay
Lo . Karsilagtirma yaparak
desteklemek Glinlik yasamdaki r.§|. 51 yap
icin icerilen Yanlis ya da hig verilmemis  deneyimlerinden sunulan veriyi saglamis. Deneysel
Kanit . . ve bilimsel verilerden
P— veri veri
Bilimsel yararlanmis.
veri iddiayi
destekler.
b.Akil Yiriitme . -
Veri ile birlikte Bilimsel veri ile
Kaniti Yanlis ya da hig verilmemis  Yetersiz akil ylritme desteklenmis yeterli akil
olusturan ifade yurutme
- . . Birden fazla destekleyici
Destekleyici Bir tane destekleyici var Irden fazla destexieylct

Destekleyicinin kavramsal
kalitesi

Destekleyici yok- yanlis ya
da hig verilmemis

(Fen veya Matematik
kavramlari kullanimi)

var
(Fen ve Matematik kavram
kullanimi)

Curatdcdaler
Karsit iddiaya yonelik verilen
actklamalar

Clraticu yok-yanhs ya da
hig verilmemis

Bir tane ¢urutlcl var
(Fen veya Matematik
kavramlari kullanimi)

Birden fazla glirttiict var
(Fen ve Matematik kavram
kullanimi)
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Tablo 1’e gore bir 6grencinin olusturdugu arglimanin gii¢li argliman olabilmesi igin; iddia, veri, akil ylrlitmenin
yaninda destekleyici ve ¢lirtiici basamaklarini olustururken hem matematik hem de fen kavramlarini kullanarak
aciklamalarin olmasi gerekmektedir. Tablo 1’de bulunan siniflandirmalar yok (0), zayif (1) ve gigli (2) olarak
derecelendirilmistir. Elde edilen veriler uzman gorisi alinarak yeniden degerlendirilmis ve son sekli verilmistir.
Yari yapilandiriimis gérisme formundan elde edilen veriler ise igerik analizi kullanilarak ¢éziimlenmistir. Gériisme
formunda elde edilen veriler kategori ve kodlar olusturularak tablo halinde sunulmustur. Kod ve kategoriler
arastirmacilar tarafindan ayri ayri incelenerek olusturulmustur. Daha sonra kodlayicilar bir araya gelerek
olusturulan kodlar yeniden incelenmis ve ortak karar alinmistir. Son olarak elde edilen analizler alan uzmani

tarafindan incelenmistir.

Veri Toplama Siireci

Arastirmaya katilan fen bilimleri 6gretmen adaylarina ilk olarak ATBO ile ilgili bilgilendirme egitimi verilmistir.
Daha sonra 6rnek arglimanlar gosterilerek bilimsel bir argiman hakkinda 6n bilgileri olusturulmustur. Uygulama
fen bilgisi laboratuvarinda tg¢ ders saatinde gerceklestirilmistir. Uygulama 6ncesinde 6gretmen adaylarindan
ortalama dérder kisilik gruplar olusturmalari istenmistir. Toplam yedi grup olusturulmustur. Gruplarin verileri G1,
G2, G3,... seklinde bulgularda belirtilmistir. Arastirmacilar tarafindan hazirlanan ATBO etkinligi tim sinifa
tanitilmis fakat hangi disiplinleri kullanarak hazirlandigi belirtiimemistir. Hazirlanan ATBO etkinligi kavram
karikattri kullanilarak hazirlanmistir. Ogretmen adaylarindan kavram karikatiiriinde yer alan karakterlerin
iddialarindan hangisine katildiklari ve bunun gerekgelerini yazmalari istenmistir. Bunu yaparken etkinlikte fark
ettikleri kavramlari kullanarak yapmalari istenmistir. Ogretmen adaylarina argiiman basamaklarini olustururken
etkinlikte iliskili olan disiplinleri kullanmalari gerektigi belirtilmistir. Uygulama sirasinda ilk olarak argiimantasyon
kavram karikatlru etkinligini 6gretmen adaylarinin bireysel olarak doldurmalari istenmistir. Burada bireysel
olarak argiiman kaliteleri belirlenmistir. Ogretmen adaylarindan bireysel olarak elde edilen veriler 01, 02...
seklinde bulgularda belirtilmistir. Daha sonra ayni kavram karikatiri etkinligi, grup calismasi olarak dagitiimis ve
kendi aralarinda fikir aligverisi yaparak ortak fikirlerini belirtmeleri istenmistir. Ayni zamanda grup tartismasi
yaptirarak 6gretmen adaylarinin iddialarini savunmalarina firsat verilmis ve grup olarak ortak bir karara varmalari
saglanmistir. Burada argliman bilesenlerinden veri basamagini, etkinlik kagidinda yer alan ginlik yasamda
karsilasilan olayr deney yaparak olusturmalari istenmistir. Bu sekilde 6gretmen adaylarina karikatiirde verilen
iddialari ispatlayarak bunlari degerlendirmelerine firsat verilmistir (Sekil 2). Son olarak gruplar savunduklari
argimanlari ispatlariyla sinifa sunmuslar ve siire¢ tamamlanmistir. Uygulama sonrasinda 6gretmen adaylarinin
argimantasyon tabanli bilim 6grenme yaklasimi hakkinda gorisleri, yari yapilandiriimis goriisme formu

uygulanarak alinmgtir.
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Sekil 2. Ogretmen Adaylarinin Uygulamalari

BULGULAR

Fen bilgisi 6gretmeni adaylarinin fen ve matematik entegrasyonu kullanilarak hazirlanan argiimantasyon
etkinliginde olusturduklari arglimanlarin diizeyini ve uygulama hakkindaki diisiincelerini incelemeyi amaglayan

¢alismadan elde edilen bulgular sunulmustur.

Arastirmaya katilan fen bilgisi 6gretmen adaylarina 6ncelikle argiimanlarinin ne dizeyde oldugunu anlamak

amaciyla etkinlik kagitlari bireysel olarak dagitilmistir. Elde edilen bulgular Tablo 2’de sunulmustur.

Tablo 2. Ogretmen Adaylarinin Argiiman Diizeyi

Argiiman diizeyi Ogretmen aday: sayisi Diizeye sahip olan 6gretmen adaylari
Argiiman yok 11 06,16,18,20,24,25,26,27,28,29,30

Zayif Argiman 17 01,2,3,5,7,8,9,10,11,12,13,15,17,19,21,22,23
Guglu Argliman 2 04,14

Tablo 2 incelendiginde arastirmaya katilan fen bilgisi 6gretmen adaylarinin 11’inin argiiman olusturamadiklari
17’sinin olusturduklari argimanin zayif diizeyde oldugu belirlenmistir. Bunun yaninda iki 6gretmen adayinin ise
glcli argimanlar olusturduklari tespit edilmistir. Arastirmada kullanilan etkinlik kagitlari Tirkce argimantasyon
modeli basamaklariniigerme durumuna gore incelendiginde; 6gretmen adaylarinin 19’unun (%76) dogru iddialari
bulduklari gérilmustir. Fakat bu iddialari destekleme noktasinda, fen ve matematik kavramlarini entegre ederek

ifade etmelerinin yeterli olmadig gorilmistir (%30). Ogretmen adaylarinin olusturdugu argiimanlardan baz

ornekler asagida sunulmustur.

04: Giiclii Argliman: “Egik diizlemi yatayla yapti§i agiyr arattirirsak ficiya daha fazla kuvvet uygulayarak ¢ikabilir.

Yatayla yapilan agi érnedin 30 derce olursa egik diizlemin egimi az oluyor. 90 derece olursa egik diizlemin egimi
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daha fazla olacagindan figiyr ¢cikarmak zorlasacaktir. A¢i ne kadar kiigiik olursa uygulanan kuvvette az olur.”
(Etkinlik kagidinda 04 kodlu dgretmen adayi dogru iddiayr bulmus. iddiasini dogrularken hem fen hem de

matematik kavramini dogru sekilde kullanmistir.)

014: Guglu Argliman: “Aciyr arttirirsak ficiya daha fazla kuvvet uygulamamiz gerekecektir. Aci ne kadar az olursa
yatay olur ve edim azalir. Yolumuz ve figinin hareketi kolaylasir. A¢i ne kadar fazla olursa o kadar ¢ok kuvvet
gerektirir. Yol diiz oldugunda yorulmadi§imiz bunun géstergesidir.” (Etkinlik kagidinda 014 kodlu 6gretmen aday

dogru iddiayi bulmus. iddiasini dogrularken hem fen hem de matematik kavramini dogru sekilde kullanmustir.)

02: zayif Argliman: “Eger agi artarsa edik diizlemin dikligi artar ve béylece daha fazla kuvvet uygulamamiz
gerekecektir. Yiikii daha yiiksege cikarmak icin daha fazla kuvvete ihtiyac vardir.” (Etkinlik kagidinda 02 kodlu

dgretmen adayi dogru iddiayi bulmus. iddiasini dogrularken sadece fen kavramini kullanmistir)

05: Zayif Argiiman: “Egik diizlemin yatayla yaptigi agi artarsa diizlemin edimi artar béylece yiikii cikarmak
zorlasacaktir.” (Etkinlik kagidinda O5 kodlu 6gretmen adayi dogru iddiayr bulmus. ifadesini kullanarak sadece

matematik kavramiyla iddiasini dogrulamistir)

021: Zayif Argliman: “Egim arttikca uyguladigimiz kuvvette artar.” (Etkinlik kagidinda 021 kodlu &gretmen aday!

dogru iddiayi bulmus. ifadesini kullanarak iddiasini sadece matematik kavramiyla dogrulamistir)

Ayrica etkinlik kagitlari incelendiginde 6gretmen adaylarinin diklik kavramini kullandiklari (%65) ve dogrulama
yaparken bu kavrama bagl olarak iddialarini destekledikleri gériilmistiir. Ogretmen adaylarinin olusturdugu

argimanlardan bazi érnekler asagida sunulmustur.

09: Zayif Argliman: “Agi arttikca edik diizlem diklesecedi icin uygulanacak kuvvet de artar. Bu yiizden yiik daha

zor ¢ikarilir.”

019: Zayif Argliman: “A¢s arttik¢a diizlem daha da diklesecektir. Ve bu bizim daha fazla kuvvet uygulamamiza

neden olur. Agi kiigtildiikge zemin diizlesir ve bizim uyguladigimiz kuvvet azalir.”

Etkinlik kagitlari incelendiginde yanls iddiada bulunan 6gretmen adaylarinin (%20) iddialarinin dogru olmadigi

tespit edilmistir. Ogretmen adaylarinin olusturdugu argiimanlardan bazi 6rnekler asagida sunulmustur.

028: Argiiman Yok: “Egik diizlemin yatayla yaptigi agiyi arttirirsak daha az bir kuvvet uygulariz ve daha az

kuvvetle is yapilmis olur.”

029: Argiiman Yok: “Egik diizlemde agi arttikca cisme uyguladigimiz kuvvet azalir ve béylece cisim daha kolay

cikabilir.”

025: Argiiman Yok: “Uygulanan kuvvet dedismez. Ciinkii edik diizlemin dikey diizlemle olan agisinda herhangi bir

dedisiklik olmuyor. Dolayisiyla ayni kuvvet uygulanmis oluyor.”
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Fen bilgisi 6gretmen adaylarina daha sonra grup arkadaslariile tartisarak olusturduklari argiimanlarin ne diizeyde
oldugunu anlamak amaciyla ayni etkinlik kagidi grup calismasi olarak dagitilmistir. Elde edilen bulgular Tablo 3’te

sunulmustur.

Tablo 3. Gruplarin Argliman Duzeyi

Argiiman diizeyi Grup sayisl Diizeye sahip olan gruplar
Argiiman yok 0

Zayif Argliman 1 G4

Gugli Argiman 6 G1,2,3,5,6,7

Tablo 3 incelendiginde fen bilgisi 6gretmen adaylarinin olusturdugu gruplarin argiiman dizeyleri incelendiginde
bir grubun zayif argliman, digerlerinin ise gigli argimanlar olusturduklari tespit edilmistir. Gruplarin fikir
ahsverisi sonucunda doldurduklar etkinlik kagitlari Tirkge argiimantasyon modeli basamaklarini icerme
durumuna gore incelendiginde; tiim gruplarin dogru iddiay! buldugu tespit edilmistir. G4 disindaki tim gruplar
glcli dizeyde argiiman olusturabilmislerdir. Glgli argiiman olusturan gruplar argliman basamaklarindan
destekleyici ve ¢liritlicii basamagini fen ve matematik kavramlarini kullanarak agiklamiglardir. G4 ise guritici
basamagini kullanmadigi icin bu grubun argiimani zayif kategorisinde yer almistir. Grup olarak olusturulan farkli

argliman duzeylerine ait bazi 6rnekler asagida sunulmustur.

G1: Giigli Argiiman: “A¢1 attikca 90° ye yaklastidi icin e§im artar ve daha fazla kuvvet uygulamamiz gerekecektir.
Aci ile kuvvet dogru orantilidir. Agidaki degisime gére uyguladigimiz kuvvet artar ya da azalir. Deney sonucunda
elde edilen veriler iddiamizi dogrular niteliktedir. Egimin olmadigi durumlarda gegerli degildir.” (Etkinlik kagidinda
G1 kodlu grup dogru iddiayi bulmustur. iddiasini dogrularken hem fen hem de matematik kavramini dogru sekilde

kullanmigtir. Curtitiici basamagini kullanmistir.)

G5: Gugla Argliman: “A¢iyi arttirdigimizda egik diizlem yiiksekligi arttigi icin uygulanacak kuvvet de artacaktir.
Yiikseklik ile kuvvet dogru orantilidir. A¢iyi arttirdigimizda dinamometrede okunan dederin arttigini gézlemledik.
Bu durum iddiamizi dogruladi. Diizlem yatayla a¢i yapmadigi durumlarda gecgerli degildir.” (Etkinlik kagidinda G5
kodlu grup dogru iddiayr bulmustur. iddiasini dogrularken hem fen hem de matematik kavramini dogru sekilde

kullanmustir. Clratici basamagini kullanmistir.)

G4: Zayif Argiman: “Yatayla yaptigi agiyi arttirirsak ficiya daha fazla kuvvet uygulayarak ¢ikar. Eger egim artarsa
uygulanan kuvvette artar. Egim azalirsa uygulanan kuvvette azalir. Yaptigimiz deneyle de bunu ispatladik. EGimi
fazla olan egik diizlemde dinamometre daha biiyiik dederi gosterdi.” (Etkinlik kagidinda G4 kodlu grup dogru
iddiayr bulmus. iddiasini dogrularken dogru oranti ve dinamometredeki sayisal degere odaklanarak fen

kavramlarini yeterince kullanmamistir. Clritict basamagini belirtmemistir.)

Uygulama sonunda fen bilgisi 6gretmen adaylarindan, uygulanan etkinlik kagidinin hangi disiplinler kullanilarak
hazirlandigini ve bu disiplinlere ait kavramlarin neler oldugunu ifade etmeleri istenmistir. Ogretmen adaylarinin

gorislerine ait bulgular Tablo 4’te sunulmustur.
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Tablo 4. Etkinlikte Kullanilan Disiplinlerin ve Kavramlarin Ogretmen Adaylari Tarafindan Fark Edilme Sikliklari

iliskili disiplinler Kavramlar Kullanim sikhgi
Egik diizlem 30
Fen bilgisi Kuvvet 30
Dinamometre 21
Agl 30
Uggen 30
Matematik Dogru oranti 24
Egim 21
Diklik 12

Tablo 4 incelendiginde arastirmaya katilan fen bilgisi 6gretmen adaylarinin hepsi etkinligi fen ve matematik
disiplinleri kullanilarak hazirlandigini dile getirmislerdir. Bu iki disipline ait kavramlarin neler olduguna ait gorusler
incelendiginde ise, fen kavramlarindan egik diizlem (f=30), kuvvet (f=30) ve dinamometre (f=21) kavramlarini;
matematik kavramlarinda agi (f=30), tiggen (f=30) dogru oranti (f=24), Egim (f=21) kavramlarini kullandiklari tespit

edilmistir.
ikinci Alt Probleme Ait Bulgular

Fen bilgisi 6gretmen adaylarina ATBO ile ilgili diisiincelerini tespit etmek amaciyla yari yapilandirilmis gériisme
formu uygulanmistir. Ogretmen adaylarinin gériislerinde elde edilen bulgular kategori ve kodlar olusturularak

Tablo 5’te sunulmustur.

Table 5: ATBO ile ilgili Ogretmen Adayi Gériisleri

Kategori Kod Kullanma sikhigi
Ogrenmeyi kolaylastirma 4
Kalici 6grenme 6
Bilgileri blttnlestirme firsati 1
. Deney gbzlem sansi 11
Olumlu yonler Gorsellik N
Sorgulamaya firsat verme 6
Biligsel ve zihinsel gelisimi saglama 11
Grup ¢alismasi saglama 5
Zaman alici 12
Ortak karar alma 4
Olumsuz yonler Kafa karigtirici 3
Hazir bulunugluk 2
Kalabalik sinif 1
iddia ileri sirme 2
Karsilasilan Zorluklar Grup arkadagini ikna etme 7
Farkli fikirlerden yola gikarak dogruya ulasma 7

Tablo 5 incelendiginde fen bilgisi 6gretmen adaylarinin ATBO ile ilgili gériisleri olumlu, olumsuz ve uygulama
sirasinda karsilasilan zorluklar olarak kategorilere ayrilmistir. ATBO ile ilgili olumlu gériislerden deney gdzlem
sansi (f=11), bilissel ve zihinsel gelisim (f=11), kalici 6grenme (f=6), sorgulamaya firsat verme (f=6), grup ¢alismasi
saglama (f=5), 6grenmeyi kolaylastirma (f=4) seklinde kodlar olusturulmustur. ATBO ile ilgili olumsuz gérislerin
zaman alici (f=12), ortak karar alma (f=4), kafa karistirici (f=2), kalabalik sinif (f=1) oldugu tespit edilmistir. ATBO
uygulama sirasinda karsilasilan zorluklarla ilgili gorisler incelendiginde grup arkadasini ikna etme (f=7), farkh

fikirlerden yola ¢ikarak dogruya ulasma (f=7) ve iddialari ileri sirme kodlari elde edilmistir.
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TARTISMA ve SONUC

Fen bilgisi 6gretmeni adaylarinin fen ve matematik entegrasyonu kullanilarak hazirlanan arglimantasyon
etkinliginde olusturduklari arglimanlarin diizeyini ve uygulama hakkindaki diistincelerini incelemek amaciyla
yuriatulen galismada iki alt probleme cevap aranmistir. Bu amagla arastirmada ilk olarak 6gretmen adaylarinin
fen ve matematik entegrasyonu ile olusturduklari argimanlarin diizeyleri belirlenmistir. Argliman diizeyleri 6nce
bireysel olarak belirlenmistir. Elde edilen bulgulara gére 6gretmen adaylarinin %7’sinin gugli argiman, %57’sinin
zayif argiiman olusturdugu; bunun yaninda %36’sinin ise argiiman olusturamadiklari tespit edilmistir. Ogretmen
adaylarinin olusturduklar argiimanlar, Turkce argimantasyon modeli basamaklar (Aktamis ve Higde,2015)
icerme durumuna gore belirlenmistir. Modele gére 6gretmen adaylarinin %76’sinin etkinlik kagidinda dogru
iddialari belirledikleri fakat destekleyici ve ¢liritiici basamaginda fen ve matematik entegrasyonu kullanarak
dogrulama beceri dizeylerinin yeterli olmadiklar tespit edilmistir. Bu durum 6gretmen adaylarinin fen
matematik iliskisini yeterince fark edemediklerini ve iddialarini savunurken matematikle iliski kurmaktan
kagindiklarini gostermektedir. Argliman olusturma becerisi ile ilgili yapilan ¢alismalar incelendiginde benzer
sonuglara rastlanmaktadir. Topgu vd., (2011) de fen bilgisi 6gretmen adaylarinin ¢ogunlugunun iddialarini
gerekgeleri ile savunduklarini fakat ciritiicii kullanmada basarisiz olduklarini belirtmislerdir. Ogretmen
adaylarinin bireysel argiimanlari alindiktan sonra ayni etkinlik kagidi kullanilarak grup tartismasi yapmalari
istenmistir. Fen bilgisi 6gretmen adaylarina grup tartismasi sirasinda arglimanlarini ispatlamalari igin deney
yapma firsati verilmistir. Bu sekilde daha nitelikli bir tartisma siireci yasanmasina ortam hazirlamistir. Fen bilgisi
O0gretmen adaylarinin grup tartismasi sonrasinda olusturduklari argimanlarin diizeyleri incelendiginde, bir grup
hari¢ diger tim gruplarin glicli arglimanlar olusturduklari tespit edilmistir. Bu durum grup tartismasinin
O0gretmen adaylarinin argiman dizeylerini artirdigini gostermektedir. Aufschnaiter vd., (2008) gore
arglimantasyon stireci 6grencilerin 6n bilgilerini kullandiklari ve arglimantasyonun 6grencilere mevcut bilgilerini
tamamlama ve bilimsel bilgilerini gelistirme firsati da sunmaktadir. Grup tartismasinin argiiman dizeylerine
etkisinin oldugu Gulhan (2012) calismasinda, ortaokul sekizinci sinif 6grencilerinin sosyo-bilimsel konularda grup
tartismasindan once iddialarda bulunduklarini fakat bu iddialarini desteklemekte zorlandiklarini gormis ancak
grup tartismasindan sonra 6grencilerin iddialarini daha iyi yapilandirdiklarini ve grup fikirlerini daha giicli
argumanlarla desteklediklerini ortaya gikarmistir. Ayrica Untereiner’in (2013) ¢alismasinda da benzer sekilde
Ogrencilerin grup olarak, is birligi icinde daha fazla argiiman Urettigi sonucuna varilmistir. Benzer sekilde
Evagorou ve Osborne (2013) yaptiklari ¢calisma sonunda grup c¢alismalari gergeklestiren 6grencilerin Ust diizey
arglimanlar olusturabildiklerini tespit etmistir. Ogretmen adaylarinin bireysel olarak ve grup olarak olusturduklari
argiimanlarin dizeyleri karsilastirildiginda; grup olarak olusturulan argiimanlarin daha giiclii oldugu sonucuna
ulasilabilir. Bu da 6gretmen adaylarinin grup olarak g¢alistiklarinda hem fen hem de matematik kavramlarini egik

diizlem baglaminda entegre etmelerinin bir sonucu olarak gorilebilir.

Uygulama sonunda fen bilgisi 6gretmen adaylarina ATBO ile ilgili gériislerini almak amaciyla yari yapilandiriimis
goriasme formu uygulanmistir. Gérisme formundan elde edilen veriler incelendiginde fen bilgisi 6gretmen

adaylari etkinligin fen ve matematik disiplinleri kullanilarak hazirlandigini ifade etmislerdir. Etkinlik iceriginde yer
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alan fen kavramlarinin egik diizlem, kuvvet ve dinamometre oldugu 6gretmen adaylari tarafindan belirtilmistir.
Matematik kavramlari olarak da agl, Gggen, dogru oranti ve egim kavramlari icerdigini belirtmislerdir. Bu durum
uygulamaya katilan fen bilgisi 6gretmen adaylarinin fen ve matematik kavramlarini fark ederek dogru bir sekilde
ifade ettiklerini gdstermektedir. Fen bilgisi 6gretmen adaylarinin ATBO ile ilgili goriislerine bakildiginda deney
gozlem sansi, bilissel ve zihinsel gelisim, kalici 6grenme, sorgulamaya firsat verme ve grup ¢alismasi saglama gibi
olumlu goéruslerinin yaninda zaman alici, ortak karar alma zorunlulugu, kafa karistirici seklinde olumsuz gorisler
elde edilmistir. Ayrica ATBO uygulamasi sirasinda karsilasilan zorluklarla ilgili olarak; grup arkadasini ikna etme,
farkli fikirlerden yola gikarak dogruya ulagma ve iddialari ileri siirme seklinde goriisler elde edilmistir. TUmay ve
Koéseoglu’nun (2010) calismasinda 6gretmen adaylari, arglimantasyon odakli 6gretimin 6grencilerin derse aktif
katilimini sagladigini, anlamli 6grenmeler olusturdugunu, diisiinme ve sorgulama becerilerini gelistirdigini ifade
etmislerdir. Benzer sekilde Yildinr ve Nakiboglu (2014) yaptiklari ¢alismada argiimantasyonun 6gretmen
adaylarinin ve 6gretmenlerin ¢ogunlugunun 6grencileri tartismaya ve farkli gorislere, bakis acilarina deger
vermeye, dinlemeye tesvik ettiklerini belirlemistir. Literatirde argimantasyon yonteminin etkililiginin
arastirildigi nitel galismalar incelendigindeyse argiimantasyon yonteminin geleneksel yaklasima gére daha etkili
oldugu, kavramsal 6grenmeyi destekledigi ve 6grenciler tarafindan daha c¢ok tercih edildigi gorilmektedir
(Kabatas Memis, 2014; Kingir vd., 2011). Bunun yaninda argiimantasyonun sinirhliklari ile ilgili ¢calismalara
bakildiginda ¢ok zaman almasi, uygulanmasinin zor olmasi, kolay kargasa olusmasi gibi dezavantajlari olabilecegi
konusunda fikir bildirmektedirler (Aydemir vd., 2018). Ek olarak sinif mevcutlarinin kalabalk olmasi, 6grenci
hazirbulunuslugunun yeterli olmamasi ve zaman kisitlamasinin ise dezavantaj olarak belirtildigi calismalar da

goze carpmaktadir (Aktamis ve Atmaca, 2016; Aydin ve Kaptan, 2014; Higde ve Aktamis, 2017).

ONERILER

Arastirmada elde edilen sonuglar dogrultusunda asagidaki 6neriler sunulmustur:

e Fen bilgisi 6gretmen adaylariyla yapilan bu g¢alismada arastirma grubunun bireysel olarak argiiman
olusturmada zorluk yasadigl ve bilgilerini dogrulama becerilerinin yetersiz oldugu saptanmistir. Bu
cercevede Ogretim programlarinin sorgulama dayali uygulamalarinin arttirilmasi gerekmektedir. Boylece
bilgiyi dogrulama ve sorgulama becerisine sahip bireylerin yetistirilmesine katki saglanabilir.

e Calismada grup tartismasi sonucunda olusturulan argiimanlarin bireysel olarak olusturulanlara goére
daha yiksek kalitede oldugu belirlenmistir. Dolayisiyla yapilacak argiimantasyon temelli ¢alismalarda
bireysel etkinliklerin yaninda argliman olusturmayi gelistirdigi dusinilerek grup etkinliklerine énem
verilmelidir.

e Calismada fen ve matematik entegrasyonu kullanilarak hazirlanmis egik diizlem arglimantasyon etkinligi
kullanilmistir. iliskili olan farkli konularda da bu tiir calismalar uygulanabilir.

e Bu ¢alisma 30 katilmcinin olusturdugu argiimanlarin diizeyini belirlemistir. Bunun yaninda 6gretmen
adaylarinin bireysel olarak fen ve matematik entegrasyonuyla arglimanlari nasil olusturduklarini derin bir

sekilde ortaya ¢ikaracak arastirmalar yapilabilir.
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e Argiimantasyon etkinliklerinde fen ve matematik entegrasyonu yapilirken kullanilan kavramlarin ne
kadar dogru sekilde ele alindigini inceleyecek arastirmalar da 6gretmen adaylarinin sahip oldugu kavram
bilgilerine yonelik fikir verebilir.

e Calisma sonucunda 6gretmen adaylarinin uygulama sirasinda bazi zorluklar yasadiklari gériilmistir. Bu
zorluklarin Ustesinden gelebilmek icin ATBO uygulamalarina hem fen hem de matematik 6gretmen

yetistirme programlarinda sikga yer verilmesi dnerilmektedir.

Etik Metni

Bu makalede dergi yazim kurallarina, yayin ilkelerine, arastirma ve yayin etigi kurallarina, dergi etik kurallarina
uyulmustur. Makale ile ilgili dogabilecek her tirli ihlallerde sorumluluk yazarlara aittir. Bu arastirmanin etik izni
Kahramanmaras Siit¢ii imam Universitesi Fen ve Miihendislik Bilimleri Etik Kurulu'nun 18.10.2022 tarih ve

2022/30 sayih karari ile alinmistir.

Yazar(lar)in Katki Orani Beyani: Yazarin gcalismaya katki orani birinci yazarin %50 ve ikinci yazarin %50’dir.
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