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During the COVID-19 pandemic, all universities across Turkey transitioned to remote
education as an urgent measure. Despite indications that the pandemic has subsided,
online teaching practices continue to prevail in higher education. Accordingly, the
purpose of this study, conducted under extraordinary circumstances of the pandemic,
is to examine the impact of online cooperative learning on the scientific reasoning skills
and motivation of pre-service science teachers. A total of 54 students participated in the
study, with 28 from the experimental group and 26 from the control group, following a
non-equivalent control group design. The experimental group received instruction using
the online cooperative learning, while the control group participated in large group
discussions in an online environment in the context of a science teaching methods
course. Data for the research were collected through pre-test and post-test
administrations of the Lawson’s Classroom Test of Scientific Reasoning (LCTSR) and the
Motivated Strategies for Learning Questionnaire (MSLQ). According to the results,
compared to whole-class discussions, online cooperative learning increased pre-service
science teachers’ scientific reasoning skills and motivation. In conclusion, online
cooperative learning is considered an effective method for enhancing the pre-service
science teachers’ education, contributing to the further improvement of online
teaching, which has become even more widespread due to the impact of the COVID-19
pandemic.
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Adaylar

COVID-19 salgini tim diinyada yayildigi sirada, Turkiye genelindeki tiim Gniversiteler acil
bir dnlem olarak uzaktan egitime geg¢mistir. Pandeminin sona erdigi belirtilse de ¢evrim
ici 6gretim uygulamalari yiksekogretimde hala varligini sirdirmektedir. Pandeminin
olagandisi kosullarinda gergeklestirilmis olan bu galismanin amaci, ¢evrim igi is birlikli
o0grenmenin fen bilimleri 6gretmen adaylarinin bilimsel muhakeme becerileri ve
motivasyonlarina etkisini incelemektir. Esitlenmemis kontrol gruplu deneysel desenle
yurltilen arastirmaya deney grubundan 28 ve kontrol grubundan 26 olmak tzere
toplam 54 fen bilimleri &gretmen adayr katimistir. Fen Ogretimi 1l dersinde
gerceklestirilen ¢alismada deney grubu 6grencilerine gevrim igi ortamda is birlikli
6grenme yontemiyle 6gretim yapilirken, kontrol grubuna gevrim i¢i ortamda buiytk grup
tartismasi uygulanmistir. Arastirmanin verileri 6n test ve son test olarak uygulanan
Lawson Mantiksal Diisiinme Testi (LMDT) ve Ogrenmede Gidiisel Stratejiler Olgegi
(6GSO) kullanilarak toplanmistir. Arastirma bulgularina gére gevrim igiis birlikli 6grenme
tim-sinif tartismasina kiyasla fen 6gretmen adaylarinin bilimsel muhakeme becerilerini
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ve motivasyonlarini arttirmistir. Sonug olarak, ¢evrim ici is birlikli 6grenmenin, COVID-
19 pandemisinin etkisiyle daha da yayginlasan gevrim igi 6gretimi daha nitelikli hale
Arastirma Makalesi getirmede, 6gretmen adaylarinin egitiminde etkili bir yontem oldugu distinilmektedir.

Introduction

The Covid-19 pandemic prompted a rapid shift from face-to-face to online education during the spring
semester of the 2019-2020 academic year (Bao, 2020). This transition resulted in the digitization of
university courses and brought about changes impacting students' learning and competence
development. The mandatory nature of online education due to the pandemic, however, has sparked
concerns regarding how to adapt and meet its demands. School closures have compelled educators to
seek sustainable strategies, with online learning emerging as the most prevalent method. However, this
shift has presented numerous challenges and heightened student apprehensions about their skills.
Educational institutions have subsequently invested in online learning to ensure continuity while earning
students' trust (Hassan, 2021).

Online learning, also known as e-learning, is an educational approach conducted in collaboration with
internet technologies. This approach encompasses activities such as multimedia-based instruction,
interactive learning, guidance, and digital assessments (Palloff & Pratt, 2001). Additionally, digital tools
like video presentations, text-based materials, and virtual meetings are employed in online education
(Griffiths, 2016). Students, while taking individual responsibility, should maintain communication with
their teachers and peers. Cooperative learning in the online environment is an effective method used to
enhance the quality of courses (Mggelvang et al., 2023). In cooperative learning, students work together
in small groups to facilitate their own and their peers’ learning (Johnson & Johnson, 1994).

Face-to-face interaction has brought about social, emotional, and cognitive benefits, which are now
also achievable through online tools. Online collaboration enables students to approach group
interactions and events from multiple angles, thereby enhancing motivation through provided support
and feedback, and improving problem-solving abilities (Zumbach et al., 2004). This can also contribute to
the development of students’ reasoning skills. Today's students are 'digital natives' who have grown up
using mobile phones, computers, televisions and tablets and are highly dependent on new technologies.
Teaching with integrated information technologies creates a classroom environment where learning is no
longer based on dictation and paper-and-pencil, but emphasizes cooperative learning. With the help of
information technology, cooperative learning can take place more smoothly, and a bridge of
communication and interaction can be built through this technology; thus, students' motivation and
problem-solving skills can be improved, and learning satisfaction can be increased (Wang & Wu, 2022).
Through collaborative interaction, resource sharing and higher-order thinking activities, online
cooperative learning environments enable students to develop the competencies needed for real-world
conditions (Oliveria et al., 2011). It is also recommended that cooperative learning be used to reduce
student isolation and anonymity in distance education (Hall, 1997). Research on computer-supported
collaborative learning has shown that this approach can be as effective as face-to-face collaborative
learning (Johnstone, 1996) or more effective (Uribe et al., 2003). Previous research has shown that
cooperative learning in physical classrooms has positive effects on the cognitive, social, motivational and
professional development of pre-service teachers (Cafiabate et al., 2019; Okumus, 2020; Stevahn &
McGuire, 2017; Yildiz et al., 2020). It has been suggested that these findings may also be valid in an online
environment (Davidson, 2021). To test this argument, this study conducted an intervention study with
pre-service science teachers using online cooperative learning in the context of a science teaching
methods course, and attempted to investigate how online cooperative learning through the Microsoft
Teams program affected the scientific reasoning skills and motivation of pre-service science teachers.

Online Cooperative Learning

“Without the cooperation of its members, society cannot survive, and the society of man has
survived because the cooperativeness of its members made survival possible... In human societies
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the individuals who are most likely to survive are those who are best enabled to do so by their
group” (Montagu, 1965, as cited in Johnson & Johnson, 1994, p. 31).

Cooperative learning is a learning model in which students support each other's learning by working
together in small groups. In this model, interaction is based on the principles of positive interdependence
and individual responsibility (Johnson & Johnson, 1999). The design of the teaching and learning activities
implemented in this study is based on online cooperative learning, which incorporates the computer
supported collaborative learning (CSCL) framework (Jeong & Hmelo-Silver, 2016). In this learning
environment, cooperative learning was implemented through Microsoft Teams, an online learning
management system. Prior to the COVID-19 pandemic, CSCL was often employed as a combination of
face-to-face and online learning modes (Asino & Pulay, 2019). Jeong and Hmelo-Silver (2016) identified
seven key benefits of technology to support CSCL: collaborating towards a common goal, communicating,
sharing resources, engaging in productive processes, co-constructing, monitoring and organizing the
learning process, and creating groups and communities. Therefore, in emergency online learning
situations, technology can be used to leverage these benefits for an online cooperative learning approach
(Tan et al., 2022).

Online cooperative learning refers to learning together in teams using information communication
technologies (Ng, 2012). Universities prefer online cooperative learning to provide flexible education to
geographically dispersed groups of students. While class size and organization are problematic, the
classroom becomes irrelevant in online environments; however, tighter control is required in discussion
groups (Mclnnerney & Roberts, 2009). Online cooperation allows students from different geographies,
cultures and disciplines to work together, providing participation for students with accessibility issues.

In this research, online cooperative learning has been implemented through synchronous interactions.
In synchronous online communication, sharing diverse perspectives provides students with opportunities
to develop their own thoughts and enhance their reasoning skills. Within synchronous online learning
environments, cooperative learning can elevate the quality of discussions, encourage argumentation, and
foster critical thinking, thereby enhancing reasoning skills (Abdullah & Shariff, 2008). Scientific reasoning
skills involve utilizing fundamental abilities such as prediction, observation, measurement, and inference,
as well as integrated skills like creating graphs, formulating hypotheses, interpreting data, and
constructing models (Padilla et al., 1984). According to Lawson (1978), these skills, associated with the
formal operational stage of cognitive development by Piaget, include combinatorial reasoning (used for
isolating and controlling variables and measuring potential causal factors), correlational reasoning
(applied in measuring both confirmatory and non-confirmatory situations), probabilistic reasoning
(recognizing the probabilistic nature of events) and proportional reasoning (establishing final functional
relationships between variables).

Research has shown that cooperative learning promotes reasoning strategies and critical thinking
more effectively than competitive or individual learning (Abdullah & Shariff, 2008; Hayati et al., 2023). In
addition, high ability students develop higher levels of scientific reasoning strategies through cooperation
with middle and low ability peers compared to competitive or individual work (Johnson & Johnson, 1994).
In cooperative environments, students are encouraged to explore different perspectives and make careful
evaluations in discussions that require scientific reasoning (Jadallah et al., 2011). In synchronous online
communication, discussants as students can be exposed to different views, a process allowing them to
develop their own perspectives and support their reasoning skills. Direct feedback is important for the
rapid development of argumentation and critical thinking, as questions or difficulties can be addressed
immediately and misunderstandings clarified (Murphy & Collins, 1998). Hsu (2004) found that online
cooperative learning in a web-based course improved the scientific process skills of high school students,
particularly increasing the motivation and engagement of low-ability students. Similarly, although few in
number, there are studies showing that online cooperative learning improves higher order thinking skills
such as reasoning, critical thinking and problem solving skills (Alharbi et al., 2022; Kim, 2014; Othman et
al., 2020; Wang & Wu, 2022).
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Some researchers have reported that students' self-efficacy and motivation were affected by
emergency distance education (Kosycheva & Tikhonova, 2021). Motivation is known to be an important
factor influencing behavior and achievement (Pintrich & De Groot, 1990). Walter and Hart (2009) define
motivation as an individual's desire, power and tendency to act in a certain way. Slavin (1987) suggested
that one of the factors influencing the success of cooperative group work is the positive effect of peer
support for learning on motivation. Cooperative goal structures create a situation where individuals’
personal goals are directly linked to group success. In this context, group members should support their
peers in achieving their personal goals while also encouraging them to put forth maximum effort.
Cooperative learning environments foster an emotionally positive atmosphere where students are more
willing to seek social support, encouragement, and interest. These factors mutually influence each other
and promote student learning (Kagan & Kagan, 2009).

Cooperative work through computers encourages students to engage in their tasks and interact with
the subject matter (Sims, 2003). Yoshida et al. (2014) found that online cooperative learning increased
students' intrinsic motivation and suggested the use of synchronous communication tools in this online
process. Tan et al. (2022) found that online cooperative learning increased students' motivation to learn,
especially that of digitally disadvantaged students (who had problems with internet connection), despite
the decrease in students' motivation due to the transition to emergency distance education. Ghasem and
Ghannam (2021) found that students found it difficult to concentrate in online learning sessions due to
the limited interaction between them and their teachers. In this context, it is suggested that designing an
online learning environment that can increase students' attention, interest and confidence can increase
students' satisfaction with the learning process and thus their motivation to learn the subject.

When training pre-service science teachers, teaching methods courses are particularly important for
teachers' professional development. Given the continuing risk of a pandemic and the full expansion of
distance learning in higher education after Covid-19, it is important to investigate the effects of online
environments on the professional competences of pre-service teachers. In view of the extensive research
on the cognitive and affective effects of online cooperative learning, incorporating it into the training of
pre-service science teachers can improve teacher quality. (Belmonte et al., 2022; Sugino, 2021; Swain et
al., 2022). The use of online environments can help pre-service science teachers to develop their digital
skills and to use modern instructional technologies effectively. Therefore, online cooperative learning can
support pre-service science teachers' professional development, strengthen their teaching skills and
enhance their professional competences. Studies on the cognitive and affective effects of online
cooperative learning in Turkey are limited (Atici & Giirol, 2002; Erten et al., 2019; Ozkara, 2017).
Therefore, any research in this area is expected to make a significant contribution to the literature. The
aim of this study, which is expected to contribute to improving the quality of pre-service teachers'
education in the context of distance education, is to investigate the impact of online cooperative learning
on pre-service science teachers' scientific reasoning skills and motivation. Accordingly, the following
questions guide the research:

1. What is the effect of online cooperative learning on the scientific reasoning skills of pre-
service science teachers?
2. What is the effect of online cooperative learning on the motivation of pre-service science
teachers?
Method

Research Design

The non-equivalent control group experimental design, one of the quasi-experimental designs, was
employed in the study. Quasi-experimental research is used when the experimental setting cannot be
controlled or groups cannot be formed randomly (Giirbiz & Sahin, 2014). Since the classes of the pre-
service teachers in the study were pre-determined, the random assignment could not be used. However,
the experimental and control groups were assigned randomly. The independent variable was the teaching
method while scientific reasoning skills and motivation served as dependent variables. Prior to
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implementation, both groups underwent online administration of the Lawson Logical Thinking Test (LLTT)
and Motivational Strategies for Learning Questionnaire (MSLQ) as a pre-test. In both groups, the lessons
were delivered synchronously in an online environment. While cooperative learning was used in the
experimental group, large group discussion was used in the control group. Following the implementation
of these methods, identical tests were administered to both groups as a post-test conducted online.

Participants

The participants of the study consist of third-year pre-service science teachers enrolled in the science
education undergraduate program at a university in southern Turkey. The study included a total of 54
individuals: 28 in the experimental group (18 females and 10 males) and 26 in the control group (22
females and 4 males). The research employed a convenience sampling from the non-random sampling
methods. The reason for choosing this sampling method was the ease of accessibility due to time
constraints and existing limitations, as well as the willingness of pre-service teachers. The study received
ethical approval from the Scientific Research and Publication Ethics Committee in the Social and
Humanities Field of Cukurova University on March 11, 2021, with decision number 1. At the beginning of
the study, all participants were informed about the implementation process and provided informed
consent

Instruments

In this study, the Lawson Logical Thinking Test (LLTT), originally developed by Lawson (1978) and
updated in 2000 with the addition of two new questions, was used to measure participants' scientific
reasoning skills. The test was adapted into Turkish by Yuziiak (2012) from its original version known as the
Lawson Classroom Test of Scientific Reasoning (LCTSR). The updated version, as revised by Lawson (2002),
employs a two-tier design consisting of 24 questions organized into 12 pairs. The test encompasses six
subskills: Conservation of mass and volume, proportional reasoning, controlling variables, probabilistic
reasoning, correlational reasoning, and hypothetical-deductive reasoning. The distribution of questions
in the test based on reasoning skills is presented in Table 1.

Table 1

Item Distribution of Reasoning Skills in LMDT
Logical thinking skills Item
Conservation of mass and volume (CMV) 13, 1b, 23, 2b
Proportional reasoning (PRR) 3a, 3b, 4a, 4b
Controlling variables (CV) 5a, 5b, 6a, 6b, 7a, 7b
Probabilistic reasoning (PBR) 8a, 8b, 93, 9b
Correlational reasoning (CR) 10a, 10b
Hypothetical-deductive reasoning (HDR) 11a,11b, 123, 12b

(Yuzuak, 2012, p. 38)

The first 11 pairs of items in the LCTSR are in the traditional two-tier format, where the first item in a
pair asks about the results of a given task and the second item asks about the reasoning behind the answer
to the first item. As a two-tier instrument, the LCTSR measures students' knowledge in the first tier and
their reasoning processes in the second tier (Bao et al., 2018). The last two pairs of questions (11a-11b
and 12a-12b) on hypothetical-deductive reasoning are contextually different from the others. The 12th
pair of questions (12a and 12b) requires students to use hypothetical-deductive reasoning to reject
hypotheses involving unobservable entities. The scoring system for the test is shown in Table 2 (Lawson
et al., 2000).
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Table 2
LLTT Scoring System
Score Level Result
0-3 Level 0 Students are not able to test hypotheses that involve
observable causal agents.
4-6 Low Level 1 Students are inconsistently able to test hypotheses
involving observable causal agents.
7-10 High Level 1 Students are consistently able to test hypotheses
involving observable causal agents.
11-13 Level 2 Students are able to test hypotheses involving

unobservable entities.

(Lawson et al., 2000, p. 89)

Of the 24 multiple-choice items in the LCTSR, the answers to the first 22 are scored in pairs (e.g.
questions 1 and 2 are counted as a single item and one point is given for a correct answer to both). In
addition, as items 23 and 24 (12a and 12b) are independent of each other, each is scored separately.
Therefore, the LCTSR consists of 13 items (maximum score is 13). The Cronbach alpha reliability
coefficients for the first developed form of the LCTSR (Lawson, 1978), the updated form (Lawson, 2000),
and the Turkish adapted form LLTT (Yiziak, 2012) are 0.78, 0.65, and 0.72, respectively. In addition, Bao
et al. (2018) conducted a validity and reliability study of the updated form of the LCTSR and reported that
the reliability of the pair scoring method (1 point given if both tiers are correct) was lower than that of
the individual scoring method (points given according to the correctness of each tier) due to the small
number of questions. To compensate for the difference in test length, the reliability of the pair scoring
method was adjusted using the Spearman-Brown estimation formula, which gives an equivalent a of 0.86
for 24 items, almost identical to that of the individual scoring method (a=0.85).

The Motivational Strategies for Learning Questionnaire (MSLQ), developed by Pintrich et al. and
adapted into Turkish by Sungur, was used to measure students' motivation. The scale has two dimensions:
"motivation" and "learning strategies." In the motivation scale, consisting of 31 items, it is aimed to
determine students' goals in a course, their beliefs about its value, and their expectations of success. The
second dimension, the learning strategies scale, includes 19 items about cognitive strategies,
metacognitive strategies, and resource management. The items in the scale were prepared as a 7-point
Likert type with reverse-coded negative items. The score of each person who marks a reverse-coded item
as 1is recoded as 7. Pintrich et al. suggest that the score for reverse-coded items should be calculated by
subtracting the original score from 8. Learning strategies and motivation dimensions are scored
separately. Table 3 shows the components and scales of the instrument (Pintrich et al., 1991).

Table 3
Components and the Scales of Motivation Section of MSLQ
Component Scale
Value Intrinsic goal orientation (IGO)
Extrinsic goal orientation (EGO)
Task value (TV)
Expectancy Self-efficacy for learning and performance (SELP)
Control of learning beliefs (CLB)
Affective Test anxiety (TA)

The motivation section includes 31 items with three main components: value, expectancy and
affective, and six scales: intrinsic goal orientation, extrinsic goal orientation, task value, self-efficacy for
learning and performance, control of learning beliefs and test anxiety.

In this study, only the Motivation Section of the MSLQ was used. The fit indices for the original form
of the Motivation Scale were X2 /df = 3.49, GFl = 0.77 and RMR = 0.07. Pintrich et al. (1991) stated that it
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is reasonable for the fit indices to be outside the acceptable limits due to the fact that attitudes about
motivation may vary according to the teacher's demands, individual student qualities and the
characteristics of the course. The fit indices of the scale adapted into Turkish by Sungur (2004) were given
as X? /df = 5.3, GFI = 0.77 and RMR = 0.11. Reliability (Cronbach Alpha) coefficients for the original scale
(Pintrich et al., 1991) and the adapted scale (Sungur, 2004) are presented in Table 4.

Table 4

Cronbach Alfa Reliability Coefficients of Motivation Section of the MSLQ
Scale Original form Adapted form

(ENG) (TUR)
Intrinsic goal orientation (IGO) 0.74 0.73
Extrinsic goal orientation (EGO) 0.62 0.54
Task value (TV) 0.90 0.87
Self-efficacy for learning and performance (SELP) 0.93 0.89
Control of learning beliefs (CLB) 0.68 0.62
Test anxiety (TA) 0.80 0.62
Process

This study was conducted with third year pre-service science teachers taking the 'Science Teaching 2'
course under the unusual conditions of the COVID 19 pandemic. This course covers current approaches,
strategies and methods commonly used in science teaching. The pre-service teachers first received
theoretical information about these approaches in an online environment. The course covered topics such
as scientific process and thinking skills, engineering and design method, problem-based learning method,
inquiry-based teaching strategy, learning cycle models (5E and 7E), concept cartoons, argumentation,
case-based learning method, predict-observe-explain strategy, project-based learning method and
context-based learning approach in science teaching. Activities prepared for the use of these teaching
strategies and methods were then carried out for seven weeks. In these activities, the predict-observe-
explain strategy, inquiry-based teaching strategy, concept cartoons, argumentation and Phet simulations
were used. In both groups, the lessons were performed online via the Microsoft Teams program. As this
was the first time the participants were using Microsoft Teams, they were informed about the program
and could easily communicate with the teacher if they encountered a problem. Cooperative learning, a
small group discussion method, was used in the experimental group and large group discussion in the
control group. In both groups, the lectures were taught by the second author with the assistance of the
first author.

In the control group, large group discussion was chosen as a teaching method to be used in face-to-
face teaching, as it is based on a constructivist approach and encourages active participation as it allows
students to construct their own knowledge. Large class discussion, which was shaped as a dialogical
teaching method, encouraged students to discuss alternative ideas with the teacher and each other in
front of the whole class (Lehesvouri et al., 2019). Activities were shared with pre-service teachers via
Microsoft Teams three days before the implementation. At the beginning of the lesson, pre-service
teachers were informed about the activities and student expectations. The instructor shared the activity
of that week with the class by screen sharing and asked the students to open the activity on their own
screens as well. The questions in the activity were first addressed to the whole class, giving them time to
think, and then pre-service teachers were given the floor individually to share their views. During the
process, students were asked to explain whether they agreed or disagreed with each other's arguments,
providing justifications. All students were asked to turn on their cameras. In front of the whole class,
students were encouraged to have pairwise (or sometimes three-way) discussions by taking the floor. In
addition to the questions in the activities, the instructor also asked thought-provoking questions based
on the students' answers to trigger the discussion. This was implemented every week throughout the
course. In addition, in activities where Phet simulations were used, students were given screen sharing
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permission by the teacher and asked to try the application and support their arguments with data they
obtained from the simulation. Discussions were conducted in the form of constructivist classroom
discussions that structure knowledge and critically examine ideas. To ensure that the control group
achieves similar learning outcomes as the experimental group, the same activities were conducted using
a large group discussion format that emphasized constructivist and dialogical discussion, all within the
same remote education program and with cameras turned on. However, this learning environment did
not foster cooperation among students.

In the experimental group, the activities used in the control group were implemented with cooperative
learning. Each week, the activities to be implemented were sent to pre-service teachers via Microsoft
Teams three days in advance. Then, mixed groups were formed by considering students' pre-test LLTT
scores and genders, and attention was paid to LLTT scores to ensure that there was a student from each
level in each group. Pre-service teachers were divided into seven groups of four. In the first week, the
instructor assigned roles to the students in the groups to ensure elements of positive interdependence
and individual responsibility. The roles were leader, writer, spokesperson, and reflector (Farrel et al.,
1999). The responsibilities of the roles were explained on the first implementation day. The distribution
of roles within the group changed each week, and from the second week on, students decided on the role
distribution. In the first lesson, students were taught how to work in groups and communicate using
Microsoft Teams. They were also informed about how the activity would be carried out and what points
to pay attention to within the group. Students were assigned to predetermined groups electronically and
could only talk to their teammates in the virtual room they were in during teamwork. Researchers joined
different groups simultaneously to check that the groups were formed smoothly. Then, the students were
asked to work on the previously given activity, and the instructor, with the assistance of the first author,
continuously joined different groups and guided the groups throughout the activity. At the end of the
teamwork, the groups were brought to the main screen where the whole class was present, and the
students were asked to show their answers on their own screens or on the instructor's screen, and a whole
class discussion was held. At the end of these discussions, the students were ensured to reach the
expected answers. After the whole class discussion at the end of each activity, the students returned to
the rooms where they worked with their groups again and discussed the group self-evaluation form to
evaluate their teamwork. At the end of the self-evaluation discussion, they returned to the main screen
again and shared their self-evaluations with the other groups. This process continued in the same way for
seven weeks.

Data Analysis

The data was analyzed using the SPSS-20 program. To compare the groups in terms of pre-test LLTT
scores, independent-samples t-tests were used for PR, CV, PR, and HDR, and Mann Whitney U tests were
performed for CR and CMV since normality was not met. To determine whether there was a significant
difference in terms of post-test LLTT subskills, independent-samples t-tests were used for CMV, PR, CV,
PR, and HDR, and Mann Whitney U tests were used for CR since normality was not provided. Since
multiple tests were performed, Bonferroni correction was made to prevent Type 1 error for pre-test and
post-test LLTT data, and the alpha value (0.05) was divided by the number of dependent variables (6), and
p< 0.0083 was determined (Pallant, 2007). Although MANOVA is a good method for controlling this error,
it could not be used because the assumptions were not met.

To compare the groups in terms of pre-test MSLQ scores, independent-samples t-tests were used for
IGO, EGO, CLB, SELP, and TA, and Mann Whitney U tests were used for TV since normality was not
provided. To determine whether there was a significant difference in terms of post-test MSLQ scales,
independent-samples t-tests were performed separately for each scale. As in the LLTT data, Bonferroni
correction was made to prevent Type 1 error for pre-test and post-test MSLQ data, and the alpha value
(0.05) was divided by the number of dependent variables (6), and p< 0.0083 was determined. Although

511



Cicekdag & Kirik — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 53(2), 2024, 504-537

MANOVA is a good method for controlling this error, it could not be used because the assumptions were
not met.

Results
Findings on Scientific Reasoning Skills

Out of the pre-test LLTT subskills, PRR, CV, PBR, and HDR exhibited normal distribution, while CR and
CMV subskills did not. Accordingly, based on the results of the independent-samples t-tests conducted
for the pre-test PRR, CV, PBR, and HDR subskills, there were no significant differences between the groups
in terms of PRR (t(52)=0.360, p>0.0083), CV (t(52)=2.303, p>0.0083), PBR (t(52)=0.260, p>0.0083), and
HDR (t(52)=-1.729, p>0.0083) scores. The t-test results and descriptive statistics for these variables are
presented in Table 5.

Table 5
Descriptive Statistics and T-Test Results for Pre-test LLTT Subskills PRR, CV, PBR, and HDR
Dependent Group X S df T p
variable
Experimental 0.82 0.47
52 0.360 0.720
PRR Control 0.76 0.58
Experimental 1.03 0.50
52 2.303 0.026
cv Control 0.65 0.68
Experimental 1.39 0.56
52 0.260 0.796
PBR Control 1.34 0.74
Experimental 1.50 0.96
52 1.729 0.090
HDR Control 1.03 0.99

Significance level=0.0083

According to the results of the Mann-Whitney U tests conducted for the pre-test CR and CMV scores,
there were no significant differences between the groups in terms of CR (U= 265.000, z=-2.099, p>0.0083)
and CMV (U= 351.000, z= -0.255, p>0.0083) scores. The Mann-Whitney U test results and descriptive
statistics for these variables are presented in Table 6.

Table 6
Descriptive Statistics and Mann-Whitney U Test Results for Pre-test LLTT Subskills CR and CMV
Dependent Group N Mean Rank Sum of U z o]
variable Ranks
Experimental 26 31.04 869.00
265.000 -2.099 0.036
CR Control 28 23.69 616.00
Experimental 26 27.04 757.00
cMV 351.000 -0.255 0.798
Control 28 28.00 728.00

Significance level=0.0083

According to the results of the independent-samples t-tests conducted for the post-test CMV, PRR,
CV, PBR, and HDR scores, there was a significant difference between the groups in terms of CMV scores
(t(52)=3.406, p<0.0083, partial n?=0.18), but no significant differences in terms of PRR (t(52)=1.992,
p>0.0083, partial n?=0.07), CV (t(52)=1.983, p>0.0083, partial n>=0.07), PBR (t(52)=2.201, p>0.0083,
partial n>=0.08), and HDR (t(52)=1.911, p>0.0083, partial n?=0.06) scores. The partial n? value of 0.18 for
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CMV indicates that there was a large relationship between the intervention and students' conservation
of mass and volume skills, and that 18% of the variance in conservation of mass and volume skills can be
attributed to the intervention (Green et al., 2000). The t-test results and descriptive statistics for post-test
CMV, PRR, CV, PBR, and HDR are presented in Table 7.

Table 7
Descriptive Statistics and T-Test Results for Post-test LLTT Subskills CMV, PRR, CV, PBR and HDR
Dependent  Group X S df t p Partial n?
variable
Experimental 1.53 0.576
CcMV 52 3.406 0.001 0.18
Control 0.96 0.662
Experimental 1.07 0.662
PRR 52 1.992 0.052 0.07
Control 0.69 0.735
Experimental 1.50 0.793
cv 52 1.983 0.053 0.07
Control 1.03 0.915
Experimental 1.46 0.637
PBR 52 2.201 0.032 0.08
Control 1.11 0.515
Experimental 1.78 0.629
HD 52 1.911 0.061 0.06
Control 1.38 0.897

Significance level=0.0083

According to the results of the Mann-Whitney U test conducted for the post-test CR scores, there was
a significant difference between the groups in terms of CR scores (U= 164.000, z= -4.068, p<0.0083, r= -
0.553). The calculated Pearson correlation coefficient (r) as a measure of effect size for CR indicates a
large effect size (Cohen, 1992). Online collaborative learning explains 30.5% of the total variance in
correlational thinking skills (r? value). The Mann-Whitney U test results and descriptive statistics are
presented in Table 8.

Table 8
Descriptive Statistics and Mann-Whitney U Test Results for Post-test LLTT Subskill CR
Dependent Group N Mean Rank  Sum of U Z p r
variable Ranks
Experimental 26 34.64 970.00
CR 164.000 -4.068 0.000 0.553
Control 28 19.81 515.00

Significance level=0.0083

Descriptive statistics for pretest and posttest LLTT total scores are given in Table 9.

Table 9
Descriptive Statistics for Pretest and Posttest LLTT Total Scores
LLTT Group N X S
Experimental 26 6.60 1.98
Pretest
Control 28 5.46 0.52
Posttest Experimental 26 8.21 1.72
osties Control 28 5.50 2.40
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A notable observation is that while the scientific reasoning skills of students in the control group
remained at the "Low Level 1" category as presented in Table 2, the skills of students in the experimental
group progressed from "Low Level 1" to "High Level 1" after the instruction.

Findings on Motivation

Out of the pre-test MSLQ scale, IGO, EGO, CLB, and TA exhibited normal distribution, while TV and
SELP subskills did not. Accordingly, based on the results of the independent-samples t-tests conducted for
the pre-test IGO, EGO, CLB, and TA subskills, there were no significant differences between the groups in
terms of 1GO (t(52)=1.588, p>0.0083), EGO (t(52)=0.012, p>0.0083), and TA (t(52)=-1.825, p>0.0083)
scores. The t-test results and descriptive statistics for these variables are presented in Table 10.

Table 10
Descriptive Statistics and T-Test Results for Pre-test MSLQ Scales of IGO, EGO, CLB and TA
Dependent Group X S df t p
variable
Experimental 22.92 3.98
52 1.588 0.699
IGO Control 21.11 441
Experimental 17.82 4.25
52 0.012 0.773
EGO Control 17.80 4.07
Experimental 23.14 3.29
52 1.253 0.630
CLB Control 22.03 3.16
Experimental 20.75 6.55
TA Control 23.84 5.85 52 -1.825 0.779

Significance level=0.0083

According to the results of the Mann-Whitney U tests conducted for the pre-test TV and SELP scores,
there were no significant differences between the groups in terms of TV (U= 234.000, z=-2.258, p>0.0083)
and SELP (U= 339.500, z= -0.425, p>0.0083) scores. The Mann-Whitney U test results and descriptive
statistics for these variables are presented in Table 11.

Table 11
Descriptive Statistics and Mann-Whitney U Test Results for Pre-test MSLQ Scales of TV and SELP
Dependent Group N Mean Rank Sum of U z o]
variable Ranks
Experimental 26 32.14 900.00
234.000 -2.258 0.024
v Control 28 22.50 585.00
Experimental 26 28.38 794.50
SELP 339.500 -0.425 0.476
Control 28 26.56 690.50

Significance level=0.0083

The results of the independent-samples t-tests for the post-test MSLQ scales indicated no significant
differences between the groups in terms of IGO (t(52)=2.346, p>0.0083), EGO (t(52)=-0.662, p>0.0083),
and CLB (t(52)=-0.547, p>0.0083) scores. However, significant differences were observed in terms of TV
(t(52)=3.918, p<0.0083, n?=0.22), SELP (t(52)=5.412, p<0.0083, n?=0.36), and TA (t(52)=3.867, p<0.0083,
n?=0.26) scores. The independent-samples t-test results and descriptive statistics for these variables are
presented in Table 12.
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Table 12
Descriptive Statistics and T-Test Results for Post-test MSLQ Scales

Dependent Group N X S df t p Partial
variable n

Experimental 28 25.89 2.07
52 2.346 0.023 0.09

IGO Control 26 24.26 2.96
Experimental 28 16.21 2.13

52 -0.662 0.513 0.008
EGO Control 26 16.84 4.41
Experimental 28 39.57 2,51

52 3.918 0.000 0.22
v Control 26 36.26 3.61
Experimental 28 21.42 2.41

52 -0.547 0.587 0.005
CLB Control 26 21.80 2.68
Experimental 28 49.67 3.42

52 5.412 0.000 0.36
SELP Control 26 43.69 4.65
Experimental 28 19.64 3.77

52 3.867 0.000 0.26
TA Control 26 24.65 4.78

Significance level =0.0083

The partial n? values presented in Table 12 indicate that the magnitude of the differences observed
between the groups in terms of TV, SELP, and TA is quite large. Online cooperative learning explains 22%
of the variance in task value, 36% of the variance in self-efficacy beliefs related to learning and
performance, and 26% of the variance in test anxiety for the experimental group.

Discussion and Conclusion

The results of this quasi-experimental study showed that online cooperative learning improved pre-
service science teachers' scientific reasoning skills of conservation of mass and volume and correlational
thinking skills with high effect sizes compared to online large group discussion. Conservation of mass and
volume is a concrete operational skill that can be understood by children in the 7-12 age group. Correlating
abstract operations requires both proportional and probabilistic thinking. It is necessary for the analysis
of data and scientific experiments in complex tasks (Paredes et al., 2021). Correlational reasoning involves
finding the degree of relationship between two or more variables (Ross & Cousins, 1993). In the activities
given to the students, there are applications that require students to determine the relationship between
variables using Phet simulations. In the experimental group, each student had the opportunity to
experience these simulations through cooperative group work. In the control group that used large group
discussion, willing students showed the simulations to other students and discussed their findings. After
the instruction, the students in the experimental group reached "High Level 1" in scientific reasoning skills
(Table 2), indicating that online cooperative learning was effective in helping students to develop the
ability to consistently test hypotheses involving observable causal factors. Students in the control group,
on the other hand, remained at their starting level of Low Level 1. Previous research on teaching reasoning
skills suggests that hypothesis testing skills are best developed when students are given the opportunity
to repeatedly test hypotheses in familiar and observable contexts (Westbrook & Rogers, 1994; Lawson et
al., 2000). In this study, hypothesis testing activities were applied to both groups, but in the cooperative
learning group, students were more actively involved in the process. The opportunity to communicate in
small groups allowed students to feel comfortable, asked questions and received feedback. It also allowed
each student to be actively involved in the tasks given, which gave the online cooperative learning group
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more opportunities to develop scientific reasoning skills. In the lessons where cooperation was used, the
pre-service teachers played a more active role in the classroom by developing their questioning skills,
which enhanced their scientific reasoning skills. Given the class size in the large group discussion group, it
was not possible for all students to speak and fewer students were able to engage with the questions at
the desired level. Although students in the experimental group did not physically meet with their peers,
they had the opportunity to develop more skills because they had to actively participate in face-to-face
discussions by turning on their cameras in the virtual environment. On the other hand, the fact that the
scientific reasoning skills of the students in the control group did not change can be attributed to factors
such as the fact that the interaction between the students was more limited than in the experimental
group and they were not face-to-face. Although the cameras were also switched on in the control group,
the participants' face-to-face interactions with their peers were quite limited, as there were no
opportunities for discussion in rooms with only four people, as in the experimental group.

On the other hand, students in the cooperative learning group were able to engage in more
'academically productive talk’. Academically productive talk refers to conversations in which students
increase their reasoning and interaction based on each other's ideas (Dyke et al., 2013). According to
Michaels et al. (2008), for academically productive talk to take place in the classroom, students need to
(1) take responsibility for the learning community, listening to others' contributions and developing their
own, (2) adhere to accepted standards of reasoning by emphasizing logical connections and drawing
logical conclusions, and (3) take responsibility for knowledge and construct arguments based on facts,
written texts or other publicly available information. Teacher guidance plays a crucial role in encouraging
students to demonstrate their reasoning skills and to use each other's reasoning skills. More importantly,
rather than self-centered discussion, teachers hold students accountable for their own knowledge and
thinking processes and enable them to hold themselves and each other accountable through academically
productive talk. Dyke et al. (2013) stated that the online cooperative learning environment is an effective
and appropriate context for providing "academically productive talk" for high school students. This study
suggests that it may also be valid at the university level, with findings that online cooperative learning is
effective in developing pre-service science teachers’ scientific reasoning skills Throughout the instruction
period, the teacher facilitated complex thinking by participating in each group's discussions and
collaborating with students to help them generate ideas. While the teacher adopted constructivist
pedagogy in both groups by not presenting information directly to students, participating in group
discussions in the experimental group allowed the teacher to interact with all students, observe how they
were thinking, and encourage a greater number of students to engage in higher-order thinking
discussions. Since the groups shared their answers with other groups during whole-class discussions, they
were able to identify and articulate topics they did not understand and seek clarification. The positive
effects of online cooperative learning on students' scientific reasoning skills can be associated with social
integration perspectives that assume that students help each other learn because they care about each
other and want each other to succeed. It can be said that group members who exhibit active learning
behaviors and therefore support each other's success develop their ability to develop a more complex
level of understanding and reasoning by participating in frequent and open discussions, and therefore
scientific reasoning develops. When students are allowed to ask questions, evaluate claims, and learn
cooperatively within the group, scientific reasoning and deep understanding of concepts are facilitated
(Osborne et al., 2016).

The study's findings on scientific reasoning skills are consistent with research in the literature. For
example, Othman et al. (2010) showed that online cooperative learning improves the logical thinking skills
of computer programming students. Kim (2014) found that cooperative synchronous online discussions
enabled fourth-graders to write texts with better arguments, counterarguments, and refutations, and
thus learn to reason through interaction with each other. Rashid et al. (2016) found that online
cooperative learning improves the reasoning skills of high school students compared to online large-group
discussions. Similarly, Alharbi et al. (2022) found that the e-cooperative learning environment improved
the critical thinking skills, variable identification and manipulation skills, hypothesis testing skills, and
scientific reasoning skills of early childhood education students.
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The findings of this study show that online cooperative learning, in which synchronous interaction is
prominent, significantly increases the motivation of pre-service science teachers. An increase in task
value, self-efficacy for learning and performance, and test anxiety was observed for students in the
cooperative learning group, with high effect sizes compared to the large group discussion group. The
increase in task value indicates that students found the implemented activities more interesting,
important, and valuable. Within the framework of expectancy-value theory, perceived task value affects
students' task preferences, level of task engagement, and the persistence of their learning behaviors. Task
value is also seen as a predictor of achievement-related choices (Eccles, 2005). Students with a positive
perception of task value may be more persistent and determined when dealing with challenging activities
(Neber & Schommer-Aikins, 2002). Students in the online cooperative learning group had the opportunity
to take responsibility through team roles, have team spirit, positive interdependence and promotive
interaction, and thus may have placed more value on their common task, found this task more important
and interesting. Ham and Myers (2019) stated that university students found the learning activities used
in the collaborative inquiry environment more valuable. Students stated that they found it easier to
understand their friends' explanations than just listening to the professor, and that they appreciated being
able to get help from their peers, the teacher, and the assistants. These students made statements
expressing the value of "doing" and "hands-on learning". Previous research has shown that cooperative
learning develops students' task value in primary, secondary and higher education (Opdecam et al., 2014;
Townsend & Hicks, 1997; Sen et al., 2015; Yu et al., 2014).

The further increase in students' perception of self-efficacy in learning and performance shows that
students in the cooperative learning environment had high performance expectations and self-efficacy in
completing the task. Courtney et al. (1992) emphasized that cooperative learning enhances the self-
esteem of low-performing students. The diverse structure of the groups provides support to the students
and gives them the perception that they are stronger by combining their skills. In addition, cooperative
learning contexts can enable students to develop high expectations for success and self-efficacy, as they
gain indirect experience by observing the successes of others who are similar to them and evaluate others
by being in a group of peers (Belge Can & Boz, 2016). Courtney et al. (1992) also emphasized that a
student's self-efficacy increases with repeated success experiences in specific tasks. In a cooperative
learning environment, students focus on mastering a task with the support of their groupmates, and this
is strongly associated with self-efficacy. In this study, students in the online cooperative learning class
experienced more success with peer support and developed their peers' arguments. Cooperative activities
allow students to develop a sense of competence and mastery by overcoming challenges together and
achieving common goals. Cooperative learning encourages active participation and the exchange of ideas
by fostering interdependence, thus allowing students to see the value and impact of their contributions.
This not only increases their confidence in their own abilities, but also strengthens their belief in their
ability to succeed (Fernandez-Rio et al., 2017). In addition, social support and positive reinforcement from
peers in cooperative learning environments can increase students' belief in their abilities, which can lead
to higher self-efficacy for learning and better performance. Cooperative learning promotes self-efficacy
by providing opportunities for mastery experiences, social persuasion, and emotional regulation,
ultimately empowering students to confidently take on academic challenges. Online cooperation may
have prevented some negatively perceived situations. These situations could include: the teacher's
inability to communicate effectively with all students, the students' lack of a sense of belonging, not
feeling like a part of the lesson, and therefore being portrayed as invisible individuals. Indeed, the post-
implementation increase in self-efficacy for learning and performance indicates that students felt their
presence were noticed, and that this increased their motivation.

The findings of this study are consistent with research showing that online cooperative learning
increases motivation (Sugino, 2021; Tan et al., 2022; Wang et al., 2022; Yoshida et al., 2014; Zheng & Zhou,
2023). The study contributes to the field by showing that online cooperative learning can also develop
pre-service science teachers’ perceptions of task value and self-efficacy for learning and performance in
science education courses. In addition, it confirms that synchronous interaction encourages participation
and increases learning motivation in pandemic situations (Lin & Gao, 2020; Sugino, 2021). The pandemic
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has limited students' social connections and made it difficult for them to develop personal relationships.
Therefore, the presence of interactive elements in online courses is important to reduce student isolation.
This study addressed these issues by promoting classroom interaction through online tools and group
discussions.

Another finding of the study is that online cooperative learning increases test anxiety. Test anxiety
represents students' concerns about succeeding on exams and is a significant predictor of stress (Pintrich,
2004). This finding of the study contradicts some studies in the literature. These studies claim that
cooperative learning does not affect or reduces test anxiety (Abodike & Achufusi, 2021; Belge Can, & Boz,
2016; Griffin & Griffin, 1998; Masomi, 2015). Considering that these studies were conducted in physically
face-to-face environments, the situation is different in terms of test anxiety in the context of online
cooperative learning. In this study, the fact that students were engaged in more challenging team tasks in
the online cooperative learning environment implemented after the transition to emergency distance
education may have increased their test anxiety. Online cooperative learning is not a widely used method
in universities in Turkey, and the participants of this study did not have experience with it. This may also
have increased the stress level of students regarding exams.

Despite some participants in this study experiencing certain digital access difficulties (internet
interruptions or connection slowdowns), they participated in the course activities and completed all
assessments. No student faced such negative digital access conditions that they had to drop the course
during this emergency online learning period. Based on the research findings, it is recommended that
online cooperative learning be used in the training of pre-service science teachers to increase their
cognitive and affective gains and professional competence. To overcome the differences in technology
use, participants should be trained on how to use applications such as Microsoft Teams or Zoom for
cooperative learning. Considering that different applications may cause different problems, a pilot
application can be made and possible problems can be minimized. In future studies, the effects of online
cooperative learning on pre-service teachers' academic achievement, life skills, professional self-efficacy,
and attitudes can be investigated. Quantitative data supported by qualitative data can increase the
validity of the study. In addition, the online cooperative learning experiences of teacher candidates can
be examined to determine the challenges and positive experiences they face, which can help in organizing
courses with a focus on online cooperative learning.

Limitations

In this study, students were assigned to groups by class, not individually. It was not possible to change
the classes of the students as determined during course registration due to inconsistencies in their course
schedules. All participants in the research were Turkish students. The limited duration, scope, and sample
size of the study may limit the generalizability of the findings. A potential external validity threat is that
the study was conducted by the researcher, which could increase the risk of unintentionally privileging
participants in the experimental group. However, the teacher made an effort to treat both groups
similarly.
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Tiirkge Siirimui

Giris

Covid-19 salgini nedeniyle, 2019-2020 egitim-6gretim yili bahar déneminde, okullardaki yiz ylze
egitimden cevrim ici egitime hizli bir gecis yasanmistir (Bao, 2020). Bu siireg, lniversite derslerinin
dijitallesmesine ve 6grencilerin 6grenme ve yetkinlik gelistirmelerini etkileyen degisikliklere neden
olmustur. Salgin, ¢evrim ici egitimi zorunlu hale getirmis ve bu durum cevrim ic¢i egitime nasil uyum
saglanacagi ve bu sirecin gerektirdigi sorumluluklarin nasil yerine getirilecegi konularinda endiselere yol
acmistir. Okullarin kapatilma olasiligi, egitimcilerin siireci sirdirme stratejilerini arastirmalarina neden
olmus, bu baglamda gevrim ici 6grenme en sik basvurulan yontem olmustur. Ancak, bu gegis beraberinde
bircok zorlugu getirmis ve 6grencilerin beceriler konusundaki endiselerini artirmistir. Bu slrecte egitim
kurumlari, cevrim ici 6grenmeye yatirim yaparak hem etkinliklerini sirdirmeye hem de 6grencilere
yonelik giiveni kazanmaya calismistir (Hassan, 2021).

Cevrim ici 6grenme, internet teknolojileriyle is birligi icerisinde gerceklestirilen bir e-6grenme
yaklasimidir. Bu yaklagim, multimedya tabanl egitim, etkilesimli 6grenme, rehberlik ve dijital sinavlar gibi
etkinlikleri igerir (Palloff & Pratt, 2001). Ayrica, ¢evrim ici egitimde video gosterileri, metin sunumlari ve
sanal toplantilar gibi dijital araglar kullanilir (Griffiths, 2016). Ogrenciler, kendi bireysel sorumluluklarini
alirken 6gretmenleriyle ve akranlariyla iletisim icinde olmalidir Cevrim igi ortamda is birlikli 6grenme,
dersin kalitesini artirmak icin kullanilan etkili bir yéntemdir (Mggelvang vd., 2023). is birlikli 6grenmede
ogrenciler kiguk gruplarda hem kendi hem de arkadaslarinin 6grenmelerini saglamak igin birlikte
calismaktadirlar (Johnson & Johnson, 1994).

Yiiz ylize etkilesimin getirdigi sosyal, duyussal ve bilissel faydalar, artik cevrim ici araglarla da miimkin
hale gelmistir. Cevrim igi is birligi, 6grencilerin grup etkilesimlerini ve olaylari cok yonli ele almasini saglar,
boylece verilen destek ve geri bildirim motivasyonu artirir ve problem ¢dzme yeteneklerini gelistirir
(Zumbach vd., 2004). Bu, 6grencilerin muhakeme becerilerinin de gelismesine katkida bulunabilir.
Gunumuz 6grencileri, cocukluklarindan itibaren cep telefonu, bilgisayar, televizyon ve tablet kullanabilen
ve yeni teknolojilere oldukca bagimh “dijital yerliler”dir. Bilgi teknolojilerinin entegre edildigi 6gretim,
o6gretme ve 6grenmenin artik dikte ve kagit-kalemden ibaret olmadigi, is birlikli 5grenmenin hakim olugu
bir sinif iklimini ifade etmektedir. is birlikli 6grenme bilgi teknolojisi sayesinde daha sorunsuz
gerceklesebilir ve bu teknoloji araciligiyla iletisim ve etkilesim koprisi kurulabilir; boylece 6grencilerin
motivasyon ve problem ¢dzme becerileri gelistirilerek 6grenme memnuniyetleri arttirilabilir (Wang & Wu,
2022). is birlikli etkilesim, kaynak paylasimi ve iist diizey diisiinme etkinlikleri sayesinde cevrim ici is birlikli
o6grenme ortamlari, 6grencilerin gercek diinya kosullari igin gerekli yetkinlikleri gelistirmelerini saglar
(Oliveria vd., 2011). Ayrica uzaktan 6gretimde 6grencilerin izolasyonunun ve kimliklerini gizlemesinin
(anonimity) azaltilmasinda is birlikli 6grenmenin kullaniimasi tavsiye edilmektedir (Hall, 1997). Bilgisayar
destekli is birlikli 6grenmeyle ilgili arastirmalar, bu yaklasimin yiiz yiize is birlikli 6grenme kadar
(Johnstone, 1996) veya daha etkili (Uribe vd., 2003) olabilecegini gdstermistir. Onceki arastirmalar, fiziksel
siniflarda yapilan is birlikli 6grenmenin 6gretmen adaylarinin bilissel, sosyal, motivasyonel ve mesleki
gelisimlerine olumlu etkiler sagladigini gostermektedir (Cafiabate vd., 2019; Okumus, 2020; Stevahn &
McGuire, 2017; Yildiz vd., 2020). Bu bulgularin gevrim i¢i ortamlarda da gecerli olabilecegi
distntlmektedir (Davidson, 2021). Bu argiimani test etmek amaciyla bu ¢calismada, fen bilimleri 6gretmen
adaylariyla fen 6gretimi dersi baglaminda c¢evrim igi is birlikli 6grenmenin kullanildigi bir midahale
calismasi gergeklestirilmistir. Bu ¢alismayla Microsoft Teams programi (izerinden c¢evrim igi is birlikli
6grenmenin fen 6gretmen adaylarinin bilimsel muhakeme becerileri ve motivasyonlarinin nasil etkilendigi
arastinlmistir.
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Cevrim igi is birlikli Ogrenme
“Uyelerinin is birligi olmadan toplum hayatta kalamaz ve insan toplumu hayatta kalmistir ¢iinkii
iiyelerinin is birligi hayatta kalmayr miimkiin kilmistir... insan toplumlarinda hayatta kalma
olasiligi en yiiksek olan bireyler, gruplari tarafindan bunu yapmalari en iyi sekilde saglananlardir.”
(Montagu, 1965, aktaran Johnson & Johnson, 1994, s.31)

is birlikli 6grenme, dgrencilerin kiiciik gruplar halinde birlikte calisarak birbirlerinin égrenmelerini
destekledigi bir 6grenme modelidir. Bu modelde etkilesim, olumlu bagimlilik ve bireysel hesap verebilirlik
prensipleri izerine insa edilir (Johnson & Johnson, 1999). Bu ¢alismada uygulanan 6gretme ve 6grenme
etkinliklerinin tasarimi, bilgisayar destekli is birlikli 8grenme (BDIO) cercevesinin (Jeong & Hmelo-Silver,
2016) dahil edildigi cevrim ici is birlikli 6grenmeye dayanmaktadir. Bu 6grenme ortaminda is birlikli
6grenme, c¢evrim ic¢i bir 6grenme yonetim sistemi olan Microsoft Teams programi araciligiyla
gerceklestirilmistir. COVID-19 salgini dncesinde, BDIO genellikle yiiz yiize ve gevrim ici 6grenme
modlarinin bir kombinasyonu olarak benimsenmistir (Asino & Pulay, 2019). Jeong ve Hmelo-Silver (2016)
teknolojinin BDIO'y(i desteklemek icin sundugu yedi temel avantaji sdyle siralamislardir: ortak bir hedef
dogrultusunda is birligi, iletisim kurma, kaynaklari paylasma, tretken siireclere dahil olma, birlikte insa
etme, 6grenme sirecini izleme ve dizenleme, grup ve topluluk olusturma. Dolayisiyla, acil ¢cevrim igi
o6grenme durumlarinda, teknoloji, cevrim ici is birlikli 6grenme yaklasimi icin bu avantajlardan
yararlanmak Gzere kullanilabilir (Tan vd., 2022)

Cevrim igi is birlikli 6grenme, bilgi iletisim teknolojilerini kullanarak ekipler halinde birlikte 6grenmeyi
ifade eder (Ng, 2012). Universiteler, cografi olarak uzak 6grenci gruplarina esnek egitim imkani sunmak
icin cevrim ici is birlikli 6grenmeyi tercih etmektedir. Sinif blyikligl ve diizeni sorun teskil ederken,
cevrim ici ortamlarda sinif dGnemsiz hale gelir; ancak tartisma gruplarinda daha siki bir kontrol gereklidir
(Mclnnerney & Roberts, 2009). Cevrim ici is birligi, farkh cografyalardan, kultirlerden ve disiplinlerden
ogrencilerin birlikte calismasini saglayarak erisilebilirlik sorunu yasayan 6grencilere katilim imkani sunar.

Bu arastirmada ¢evrim ici is birlikli 6grenme, es zamanh etkilesimlerle uygulanmistir. Es zamanli gevrim
ici iletisimde, farkli goérislerin paylasiimasi 6grencilere kendi diisiincelerini gelistirme ve muhakeme
becerilerini artirma firsati sunar. Es zamanli gevrim i¢i 6grenme ortamlarinda is birlikli 6§renme,
tartismanin kalitesini yikselterek arglimantasyon ve elestirel diisiinmeyi tesvik edebilir, bu da muhakeme
becerilerini gelistirebilir (Abdullah & Shariff, 2008). Bilimsel muhakeme becerileri, tahmin etme,
gozlemleme, 6lcme ve c¢ikarim yapma gibi temel becerilerin ve grafik olusturma, hipotez olusturma,
verileri yorumlama ve modelleri formiile etme gibi bitiinlesik becerilerin kullanilmasini gerektirir (Padilla
vd., 1984). Piaget'nin bilissel gelisim evresindeki soyut islem déneminde belirlenen becerilerle
iliskilendirilen bu beceriler Lawson (1978)’a gore kombinasyonel muhakeme (degiskenlerin izolasyonu ve
kontroliinde ve olasi nedensel faktorlerin 6lgilmesinde kullanilir), korrelasyonel muhakeme (dogrulayici
ve dogrulayici olmayan durumlarin él¢lilmesinde kullanilir), olasiliksal muhakeme (olgularin olasiliksal
dogasinin taninmasinda kullanilir) ve orantisal muhakeme (degiskenler arasinda nihai fonksiyonel
iliskilerin kurulmasinda kullanilir) becerilerini igerir.

Arastirmalar, is birlikli 6renmenin, rekabetg¢i veya bireysel 6grenmeye gore muhakeme stratejileri ve
elestirel distinmeyi daha etkili bir sekilde tesvik ettigini géstermistir (Abdullah & Shariff, 2008; Hayati vd.,
2023). Ayrica, yuksek yetenekli 6grenciler orta ve dislik yetenekli akranlariyla is birligi yapmalari
sayesinde, rekabetgi veya bireysel ¢calismaya kiyasla daha yiiksek diizeyde bilimsel muhakeme stratejileri
gelistirmektedir (Johnson & Johnson, 1994). is birligine dayali ortamlarda &grencilerin, bilimsel
muhakemeyi gerektiren tartismalarda farkli bakis agilarini kesfetmelerine ve dikkatli bir degerlendirme
yapmalarina tesvik edildigi gorilmustar (Jadallah vd., 2011). Es zamanh c¢evrim igi iletisimde, tartisanlar
farkli gortslere maruz kalabilir, bu da 6grencilerin kendi bakis acilarini gelistirmelerini ve muhakeme
yeteneklerini desteklemelerini saglar. Dogrudan geri bildirim, muhakeme ve elestirel dislinceyi hizla
gelistirmek icin 6nemlidir; ¢linkl sorular veya zorluklar aninda ele alinabilir ve yanlis anlamalar agikliga
kavusturulabilir (Murphy & Collins, 1998). Hsu (2004), web tabanh bir derste g¢evrim igi is birlikli
ogrenmenin lise Ogrencilerinin bilimsel sireg¢ becerilerini artirdigini, 6zellikle zayif 6grenenlerin
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motivasyon ve katilimini gliclendirdigini bulmustur. Benzer sekilde sayilari az olmakla birlikte gevrim igi is
birlikli 6grenmenin muhakeme, elestirel diisinme ve problem ¢dzme becerileri gibi tst diizey dislinme
becerilerini gelistirdigini gosteren arastirmalar bulunmaktadir (Alharbi vd., 2022; Kim, 2014; Othman vd.,
2020; Wang & Wu, 2022).

Bazl arastirmacilar, acil uzaktan egitim ile 6grencilerin 6z-yeterlik ve motivasyonlarinin etkilendigini
bildirmistir (Kosycheva & Tikhonova, 2021). Motivasyonun, davranisi ve basariyi etkileyen 6nemli bir
faktor oldugu bilinmektedir (Pintrich & De Groot, 1990). Walter ve Hart (2009), motivasyonu genel olarak
bir bireyin belirli sekillerde hareket etme arzusu, gilici ve egilimi olarak tanimlamaktadir. Slavin (1987), is
birlikli grup calismalarinin basarisini etkileyen faktorlerden birinin, 6grenmeye yénelik akran desteginin
motivasyon Uzerindeki olumlu etkisi oldugunu éne siirmistiir. is birlikli hedef yapilari, bireylerin kisisel
hedeflerine ulasabilmelerinin, grup basarisiyla dogrudan iliskilendirildigi bir durum olusturur. Bu
baglamda grup Uyeleri, kendi kisisel hedeflerine ulasmak icin grup arkadaslarina destek olmali ve ayni
zamanda grup arkadaslarini maksimum caba goéstermeye tesvik etmelidir. is birlikli 8grenme ortamlari
ogrencilerin yardim, tesvik ve ilgi gibi sosyal desteklere daha istekli oldugu olumlu bir duygusal ortam
olusturarak i¢sel motivasyonlarini artirir. Bu faktorler birbirini etkiler ve 6grencilerin 6grenmesini tesvik
eder (Kagan & Kagan, 2009).

Bilgisayarlar araciligiyla yapilan is birlikli galismalar, 6grencilerin gorevleriyle mesgul olmalarini ve konu
icerigiyle etkilesime girmelerini tesvik eder (Sims, 2003). Yoshida ve digerleri (2014) ¢evrim igci is birlikli
6grenmenin 6grencilerin i¢gsel motivasyonlarini arttirdigini tespit etmis ve ¢cevrim icgi bu slirecte es zamanli
(senkron) iletisim araglarinin kullanilmasini tavsiye etmistir. Tan ve digerleri (2022) acil uzaktan egitime
gecis sdrecinin 6grencilerin motivasyonunda disuslere sebep olmasina karsin gevrim ici is birlikli
O6grenmenin 6zellikle dijital agidan dezavantajli (internet baglantisiyla ilgili sorunlar yasayan) 6grencilerin
6grenme motivasyonlarini arttirdigini belirtmektedir. Ghasem ve Ghannam (2021), ¢evrim i¢i 6grenme
oturumlarinda 6grenci-egitmen etkilesiminin sinirli olmasi nedeniyle 6grencilerin konsantre olmakta
zorlandigini belirtmistir. Bu baglamda, 6grencilerin dikkatini, ilgisini ve glivenini artirabilen bir ¢cevrim igi
6grenme ortami tasarlamanin, 6grencilerin 6grenme sirecine yoénelik memnuniyetini ve dolayisiyla
konuyu 6grenme motivasyonlarini artirabilecegi distintilmektedir.

Fen O6gretmen adaylarinin egitiminde 6zellikle 6gretim yontemlerine iliskin dersler, 6gretmenlerin
profesyonel gelisimi agisindan kritik bir 5neme sahiptir. Pandemi riskinin siirmesi ve Covid-19 sonrasinda
uzaktan egitimin ylksekogretime tamamen yayilmasi goz 6niine alindiginda, g¢evrim i¢i ortamlarin
O0gretmen adaylarinin mesleki yetkinliklerine etkilerinin arastiriimasi énemlidir. Cevrim igi is birlikli
o0grenmenin bilissel ve duyussal etkileriyle ilgili yapilan ¢ok sayida ¢alisma géz online alindiginda, fen
bilimleri 6gretmen adaylarinin egitiminde kullaniimasi, 6gretmen kalitesine olumlu bir katki saglayabilir
(Belmonte vd., 2022; Sugino, 2021; Swain vd., 2022). Cevrim i¢i ortamlarin kullanimi, fen 6gretmen
adaylarinin dijital becerilerini gelistirmelerine ve modern 6gretim teknolojilerini etkili bir sekilde
kullanabilmelerine yardimci olabilir. Bu nedenle, gevrim igi is birlikli 6grenme, fen 6gretmen adaylarinin
profesyonel gelisimini destekleyerek, 6gretme becerilerini glgclendirebilir ve mesleki yetkinliklerini
artirabilir. Tlrkiye'de ¢evrim igi is birlikli 5grenmenin bilissel ve duyussal etkileri Gizerine yapilan galismalar
sinirhdir (Atici ve Giirol, 2002; Erten vd., 2019; Ozkara, 2017), bu nedenle bu alandaki her arastirmanin
literatiire dnemli katkilar yapmasi beklenmektedir. Ogretmen adaylarinin uzaktan 6gretim baglaminda
egitim kalitelerinin arttirilmasina katki saglayacagi dislintlen bu ¢alismanin amaci ¢evrim igi is birlikli
6grenmenin fen bilimleri 6gretmen adaylarinin bilimsel muhakeme becerileri ve motivasyonlarina etkisini
incelemektir. Bu dogrultuda arastirmaya yon veren sorular sunlardir:

1. Cevrim igi is birlikli 6grenmenin fen bilimleri 6gretmen adaylarinin bilimsel muhakeme
becerilerine etkisi nedir?

2. Cevrimigiis birlikli 6grenmenin fen bilimleri 6gretmen adaylarinin motivasyonlarina etkisi
nedir?
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Yoéntem
Arastirma Modeli

Calismada yari deneysel desen tirlerinden esitlenmemis kontrol gruplu deneysel desen kullaniimistir.
Yari deneysel arastirmalar deney ortaminin kontrol edilemedigi veya gruplarin seckisiz bir sekilde
olusturulamadigi durumlarda kullanilir (Glirbliz ve Sahin, 2014). Calismada yer alan 6gretmen adaylarinin
siniflari daha 6nceden belirlendigi icin seckisiz atama yontemi kullanilamamis ancak deney ve kontrol
gruplari segkisiz olarak atanmistir. Bu gcalismadaki bagimsiz degisken 6gretim yontemi, bagiml degiskenler
ise bilimsel muhakeme becerileri ve motivasyondur. Uygulama 6ncesi deney ve kontrol gruplarina Lawson
Mantiksal Disiinme Testi (LMDT) ve Ogrenmede Gidisel Stratejiler Olgegi (OGSO) 6n test olarak cevrim
ici ortamda uygulanmustir. Her iki grupta da dersler gevrim igi ortamda senkron olarak islenmistir. Deney
grubunda is birlikli 6grenme kullanilirken kontrol grubunda tiim sinif tartismasi kullanilmistir. Uygulama
sonrasinda, her iki gruba da ayni testler ¢evrim ici ortamda son test olarak uygulanmistir.

Calisma Grubu

Arastirmanin katimcilarini Tarkiye’nin glineyindeki bir Gniversitenin fen bilgisi 6gretmenligi lisans
programinda dgrenim goren ve Fen Ogretimi 2 dersini alan, Uglincli sinif fen dgretmen adaylar
olusturmaktadir. Calismaya deney grubunda 28 (18 kadin ve 10 erkek) ve kontrol grubunda 26 (22 kadin
ve 4 erkek) kisi olmak Uzere toplamda 54 kisi katilmistir. Arastirmada seckisiz olmayan 6rnekleme
yontemlerinden uygun érnekleme kullanilmistir. Bu 6rnekleme yénteminin secilme nedeni zaman ve var
olan sinirhliklar nedeni ile 6rnekleme daha kolay ulasilabilmesi ve 6gretmen adaylarinin istekli olmasidir.
Calismanin etik kurul izni Cukurova Universitesi Sosyal ve Beseri Bilimler Alaninda Bilimsel Arastirma ve
Yayin Etigi Kurulu tarafindan 11.03.2021 tarih ve 1 nolu karari ile alinmistir. Calismanin baslangicinda,
katiimcilarin  tamami uygulama sireci hakkinda bilgilendirilmis ve bilgilendirilmis onam formu
doldurmugslardir.

Kullanilan Veri Toplama Araglari

Arastirmada katilimcilarin bilimsel muhakeme becerilerini 6lgmek amaciyla Lawson (1978) tarafindan
gelistirilip 2000 yilinda iki yeni soru eklenerek giincellestirilen (Lawson vd., 2000) ve Tirkceye Yiiziak
(2012) tarafindan uyarlanan Lawson Mantiksal Diisiinme Testi (LMDT) kullaniimistir. Olgegin orijinalinin
adi Classroom Test of Scientific Reasoning (CTSR)’dir. Lawson (2002) tarafindan giincellestirilen stirim, 12
giftten olusan 24 soru igeren iki asamal bir tasarim kullanmaktadir. Test toplam alti beceri boyutu
icermektedir: kitlenin ve hacmin korunumu, orantisal akil yiiriitme, degiskenlerin kontrold, olasilikh akil
ylriatme, korrelasyonel akil yiritme ve hipotetik diisinme. Testteki sorularin mantiksal disinme
becerilerine gore dagilimi Tablo 1’de verilmistir.

Tablo 1

LMDT’nin Mantiksal Diisiinme Becerileri ve Soru Dagilimi
Mantiksal diisiinme becerileri Soru
Kitlenin ve hacmin korunumu (KHK) 1a, 1b, 23, 2b
Orantisal diisinme (ORD) 33, 3b, 4a, 4b
Degiskenlerin kontroli (DK) 5a, 5b, 6a, 6b, 7a, 7b
Olasihkli disinme (OLD) 8a, 8b, 93, 9b
Korrelasyonel diisiinme (KD) 10a, 10b
Hipotetik diisinme (HD) 113, 11b, 12a, 12b

(Yuzuak, 2012, s. 38)

CTSR'ninilk 11 soru cifti, bir giftteki ilk sorunun verilen bir gérevin sonuglarini sordugu ve ikinci sorunun
ilk sorunun cevabinin arkasindaki gerekgeyi sordugu geleneksel iki asamali formattadir. iki asamali bir arag
olarak, LCTSR'nin birinci asamada ogrencilerin bildiklerini, ikinci asamada ise muhakeme siireglerini
oOlgtigil belirtilmektedir (Bao vd., 2018). Varsayimsal-timdengelimsel akil ylritme lizerine olan son iki gift
(11a-11b ve 12a-12b) ise iceriksel olarak digerlerinden farkli bigimdedir. 12. soru cifti (12a ve 12b)
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ogrencilerin gozlemlenemeyen varliklari iceren hipotezleri reddetmek igin hipotetik-tiimdengelimsel akil
yurGtmeyi kullanmalarini gerektirir. Testin puanlama sistemi Tablo 2’de sunulmustur (Lawson vd., 2000).

Tablo 2
LMDT Puanlama Sistemi
Puan Seviye Sonug
0-3 puan Seviye 0 Ogrenciler gdzlemlenebilir nedensel etkenleri igeren hipotezleri test
edemezler.
4-6 puan Dusuk Seviye 1 Ogrenciler gézlemlenebilir nedensel etkenleri iceren hipotezleri

tutarsiz bir sekilde test edebilmektedir.

7- 10 puan Yiksek Seviye1 ~ Ogrenciler gdzlemlenebilir nedensel etkenleri iceren hipotezleri
tutarh bir sekilde test edebilirler.

11-13 puan  Seviye 2 Ogrenciler gézlemlenemeyen varliklari iceren hipotezleri test
edebilirler.

(Yiiziiak, 2012, s. 39)

LCTSR'de bulunan 24 c¢oktan se¢cmeli sorudan ilk 22 soruya verilen cevaplar giftler halinde
puanlandiriimaktadir (6rnegin 1. ve 2. sorular tek bir madde olarak sayilir ve her ikisine dogru cevap
verilmesi durumunda bir puan alinir). Ayrica 23. ve 24. sorular (12a ve 12b) birbirinden bagimsiz oldugu
icin her biri bir madde olarak sayilmaktadir ve ayri ayri puanlandirilir. Dolayisiyla LCTSR 13 maddeden
olusmaktadir (maksimum puan 13'tlr). LCTSR’nin ilk gelistirilen formu (Lawson, 1978), glincellenmis
formu (Lawson, 2000) ve Tirkgeye uyarlanmis formu LMDT (Y{izliak, 2012) igin Cronbach Alpha givenirlik
katsayilari sirasiyla 0.78; 0.65 ve 0.72’dir. Ayrica Bao ve digerleri (2018) LCTSR’nin glincellenmis formu igin
gecerlik ve glivenirlik calismasi yaptigl arastirmalarinda gift puanlama yonteminde (her iki asamanin dogru
olmasi durumunda 1 puan verilmesi) tekli puanlama yontemine gore (her asamanin dogruluguna gére
puan verilmesi) soru sayisinin az olmasi nedeniyle givenilirligin daha disik oldugunu belirtmistir. Test
uzunlugundaki farki telafi etmek igin, ¢ift puanlama yonteminin givenilirligi Spearman-Brown kestirim
formilayle ayarlanmistir; bu formil 24 maddelik esdeger a degerini 0.86 olarak vermektedir ve bu deger
bireysel puanlama yontemininkiyle (a=0.85) neredeyse aynidir.

Ogrencilerin motivasyonlarini belirlemek amaciyla Pintrich ve digerleri (1991) tarafindan Motivated
Strategies for Learning Questionnaire (MSLQ) adiyla gelistirilen ve Sungur (2004) tarafindan Turkgeye
uyarlanan Ogdrenmede Giidiisel Stratejiler Olgedi (0GSO) kullanilmistir. Olgek “Moivasyon” ve “Ogrenme
Stratejileri” olmak lizere iki boyuttan olusmaktadir. OGSO’niin ilk boyutu olan motivasyon élceginde,
ogrencilerin bir dersin amaglarini, deger inanclarini ve bir dersi basarabilecegi yoniindeki beklentilerini
belirlenmesi amaclanmis olup 31 maddeden olusmaktadir. ikinci boyutu olan 6grenme stratejileri
olgeginde ise bilissel stratejiler, metabilissel stratejiler ve kaynak yénetimine iliskin 19 soru bulunmaktadir.
Olcekteki maddeler 7‘li Likert tipinde hazirlanmistir. Olcekte ters kodlanan negatif maddeler
bulunmaktadir. Ters kodlanan bir maddeyi 1 olarak isaretleyen kisinin puani 7 olarak yeniden
kodlanmaktadir. Pintrich vd. (1991) ters kodlanan maddeye verilecek puanin, orijinal skorun 8'den
cikarilmasiyla hesaplanmasini énermektedir. Ogrenme stratejileri ve motivasyon boyutlari ayri ayri
degerlendirilmektedir. Tablo 3’te 6lgegin bilesenleri ve alt boyutlari gosterilmistir (Pintrich vd., 1991).

Tablo 3
0GSO Motivasyon Olgedinin Bilesenlerine Gére Alt Boyutlari
Bilesen Alt Boyut
Deger icsel hedef diizenleme (iHD)
Dissal hedef diizenleme (DHD)
Gorev degeri (GD)
Beklenti Ogrenme ve performansla ilgili 6zyeterlik algisi (OPOA)
Ogrenmeye iliskin kontrol inanci (OiKi)
Duyussal Sinav kaygisi (SK)
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Motivasyon 6lgegi; deger, beklenti ve duyussal olmak lizere (¢ ana bilesen ve i¢sel hedef diizenleme,
digsal hedef diizenleme, gorev degeri, 6§renme ve performansla ilgili 6zyeterlik algisi, 6grenmeye iliskin
kontrol inanci ve sinav kaygisi olmak Uzere toplam alti alt boyut olugan 31 madde igermektedir.

Bu calismada OGSO’niin yalnizca Motivasyon Olgegi kullanilmistir. Motivasyon Olgegi’'nin orijinal
formu i¢cin uyum indeksleri X? /df = 3.49; GFI = 0.77 ve RMR = 0.07 olarak verilmistir. Pintrich ve digerleri
(1991) motivasyonla ilgili tutumlarin 6gretmenin isteklerine, bireysel 6grenci niteliklerine ve dersin
ozelliklerine gore degisiklik gosterebilmesinden kaynakh olarak uyum endekslerinin kabul edilebilecek
sinirlar disinda olmasinin makul oldugunu ifade etmislerdir. Tirkgeye Sungur (2004) tarafindan uyarlanan
dlgegin uyum endeksleri X2 /df = 5.3, GFl = 0.77 ve RMR = 0.11 olarak verilmistir. Glivenirlik (Cronbach
Alpha) katsayilari orijinal 6lgek (Pintrich vd., 1991) ve uyarlama galismasi yapilan 6lgek (Sungur, 2004) icin
hesaplanan degerlerle Tablo 4’te sunulmaktadir.

Tablo 4
OGSO Motivasyon Alt Boyutuna lliskin Cronbach Alfa Katsayilari
Faktor Orijinal dlgek Uyarlanan olgek
icsel hedef diizenleme (iHD) 0.74 0.73
Dissal hedef diizenleme (DHD) 0.62 0.54
Gorev degeri (GD) 0.90 0.87
Ogrenme ve performansla ilgili 6z-yeterlik algisi (OPOA) 0.93 0.89
Ogrenmeye iliskin kontrol inanci (OiKi) 0.68 0.62
Sinav kaygisi (SK) 0.80 0.62
Siireg

Bu calisma COVID 19 pandemisinin olagandisi kosullarinda “Fen Ogretimi 2” dersini alan ti¢iincii sinif
fen bilgisi 6gretmen adaylariyla birlikte yuritilmustiar. Bu ders, fen 6gretiminde yaygin olarak kullanilan
giincel yaklagimlar, stratejileri ve yéntemleri kapsar. Ogretmen adaylarina éncelikle gevrim ici ortamda
bu yaklagimlar hakkinda teorik bilgi verilmistir. Ders kapsaminda bilimsel slire¢ ve diisinme becerileri,
miihendislik ve tasarim yontemi, probleme dayali 6gretim yontemi, sorgulamaya dayali 6gretim stratejisi,
6grenme donglist (5E ve 7E) modelleri, kavram karikatirleri, argimantasyon, érnek olaya dayali 6gretim
yontemi, tahmin et-g6zle-acikla stratejisi, proje tabanh 6gretim yontemi ve fen 6gretiminde baglam
temelli 6grenme yontemi gibi konular islenmistir. Ardindan bu 6gretim strateji ve yodntemlerinin
kullanilmasina yonelik hazirlanmis olan etkinlikler yedi hafta boyunca uygulanmistir. Bu etkinliklerde
tahmin et-gozle-agikla stratejisi, sorgulamaya dayali Ogretim stratejisi, kavram karikatirleri,
arglimantasyon ve Phet similasyonlar kullanilmistir. Her iki grupta da dersler, Microsoft Teams
uygulamasi lizerinden c¢evrim igi olarak gergeklestirilmistir. Katilimcilar Microsoft Teams'i ilk defa
kullandiklari igin uygulama hakkinda bilgilendirilmis olup bir sorunla karsilastiklarinda 6gretim elemaniyla
kolaylikla iletisime gecgebilmislerdir. Deney grubunda bir kiiglik grup tartismasi yontemi olan is birlikli
6grenme, kontrol grubunda ise blylik grup tartismasi uygulanmistir. Dersler her iki grupta da birinci
yazarin asistanliginda ikinci yazar tarafindan yirataimastir.

Kontrol grubunda, yiiz ylize egitimde kullanilmakta olan 6gretim yontemine uygun olacak sekilde,
yapilandirmaci yaklasimi temel alarak 6grencilerin kendi bilgilerini yapilandirabildikleri ve dolayisiyla aktif
katilimi tesvik ettigi icin bliylk grup tartismasi segilmistir. Diyalojik bir 6gretim sekli olarak bigimlendirilen
biylk sinif tartismasinda 6grencilerin 6gretmenle ve birbirleriyle tim sinif 6niinde alternatif fikirleri
tartismalar tesvik edilmistir (Lehesvouri vd., 2019). Etkinlikler uygulamadan Ug¢ giin 6nce 6gretmen
adaylariyla Microsoft Teams lizerinden paylasiimistir. Dersin basinda 6gretmen adaylarina etkinlikler ve
ogrencilerden beklenenler hakkinda bilgi verilmistir. Ogretim elemani, derste o haftanin etkinligini ekran
paylasimi yaparak sinifla paylasmis ve 6grencilerden etkinligi kendi ekranlarindan da agmalarini istemistir.
Etkinlikteki sorular 6nce tim sinifa yoneltilmis, diisinmeleri igcin zaman verilmis ve ardindan 6gretmen
adaylarina bireysel olarak s6z hakki verilerek goruslerini paylasmalari istenmistir. Siiregte 6grencilerin
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birbirlerinin argiimanlarina katilip katilmadiklarini gerekgelendirerek aciklamalari istenerek mimkiin
oldugunca farkh goruse yer verilmistir. Tum 6grencilerden kameralarini agmalari istenmistir. Tim sinif
oniinde, s6z hakki alarak 6grencilerin ikili (ya da bazen Uglu) tartismasi tesvik edilmistir. Etkinliklerdeki
sorulara ek olarak, 6grencilerin cevaplarindan yola ¢ikarak 6gretim elemani da tartismayi tetikleyici sorular
sormustur. Bu durum dersin genelinde her hafta uygulanmistir. Ayrica Phet similasyonlarinin kullanildigi
etkinliklerde 6gretmen tarafindan 6grencilere ekran paylasimi izni verilmis olup uygulamayi denemeleri
ve argimanlarini similasyondan sagladiklari veri ile desteklemeleri istenmistir. Tartismalar, bilgiyi
yapilandiran ve fikirleri elestirel bir gozle inceleyen yapilandirmaci sinif tartismasi bigiminde
yurutllmistir. Kontrol grubunda deney grubuyla ayni etkinliklerin, yapilandirmaci ve diyalojik bir tartisma
olarak diizenlenmis olan blyuk grup tartismasi ile, ayni uzaktan egitim programi Gzerinden ve kameralar
actk sekilde yiratilmesi yoluyla dersin 6grenme kazanimlari agisindan deney grubuyla benzer giktilara
ulasmalari saglanmaya calisilmistir. Ancak bu 6gretim ortaminda 6grenciler arasinda is birligine yer
verilmemistir.

Deney grubunda, kontrol grubunda kullanilan etkinlikler is birlikli 6grenme ile uygulanmistir. Her hafta,
uygulanacak olan etkinlik 6gretmen adaylarina Microsoft Teams Uzerinden li¢ giin 6nce gonderilmistir.
Daha sonra 6grencilerin 6n test LMDT puanlari ve cinsiyetleri géz 6nine alinarak karma gruplar
olusturulmus, her grupta her seviyeden 6grencinin bulunmasi i¢cin LMDT puanlarina dikkat edilmistir.
Ogretmen adaylari her grupta dort kisi olacak sekilde yedi gruba ayrilmistir. Gruplardaki dgrencilere ilk
hafta olumlu bagimhlik ve bireysel sorumluluk unsurlarini saglamak Uzere 6gretim elemani tarafindan
roller verilmistir. Roller, lider, yazici, sézcii ve denetgiden olusmaktadir (Farrel vd., 1999). ilk uygulama
gininde rollerin sorumluluklari anlatilmistir. Her hafta grup ici rollerin dagilimi degismis ve ikinci haftadan
itibaren rol dagilimina dgrenciler karar vermistir. ilk derste dgrencilere Microsoft Teams Uizerinde grup
¢alismasi yapma ve iletisim kurma yontemleri anlatilmistir. Ayrica etkinligin nasil gergeklestirilecegi ve
grup icinde dikkat edilmesi gereken noktalar hakkinda bilgi verilmistir. Ogrenciler belirlenen gruplara
sistem Uzerinden atanmis olup takim calismasi sirasinda bulunduklari sanal odada yalnizca takim
arkadaslari ile konusabilmislerdir. Arastirmacilar ayni anda farkli gruplara dahil olarak gruplarin sorunsuz
bir sekilde olustugu kontrol etmislerdir. Daha sonra 6grencilerden 6nceden verilen etkinlik Gzerinde
calismalari istenmis olup, 0gretim elemani birinci yazarin asistanligiyla sirekli olarak farkh gruplara
katilarak etkinlik boyunca gruplara rehberlik yapmistir. Takim ¢alismasi sonunda gruplar bitin sinifin var
oldugu ana ekrana alinarak 6grencilerin cevaplarini kendi ekranlarinda ya da 6gretim elemaninin ekrani
lizerinde gostermeleri saglanarak biyik sinif tartismasi yapilmistir. Bu tartismalarin sonunda 6grencilerin
beklenen cevaplara ulagsmalari saglanmistir. Her etkinligin sonunda yapilan biyik sinif tartismasindan
sonra, 6grenciler tekrar gruplariyla calistiklari odalarina donerek takim ¢alismalarini degerlendirmek lzere
grup 6z-degerlendirme formu {izerinde tartismislar yapmislardir. Oz-degerlendirme tartismasi sonunda
yeniden ana ekrana donerek 6z-degerlendirmelerini diger gruplarla paylasmislardir. Bu siireg, yedi hafta
boyunca ayni sekilde devam etmistir.

Verilerin Analizi

Veriler SPSS-20 programi kullanilarak analiz edilmistir. Gruplari éntest LMDT puanlari agisindan
kiyaslamak amaciyla, ORD, DK, OLD ve HD i¢in bagimsiz gruplar t-testi, normallik saglanamadigindan KD
ve KHK icinse Mann Whitney U yapiimistir. Sontest LMDT alt becerileri agisindan anlaml bir fark olup
olmadigini belirlemek amaciyla KHK, DRD, DK, OLD, ve HD icin bagimsiz gruplar t-testi, normallik
saglanamadigindan KD iginse Mann Whitney U yapilmistir. Cok sayida test yapildigindan, dntest ve sontest
LMDT verileri icin Tip 1 hatayi 6nlemek adina Bonferroni diizeltmesi yapilmis ve alfa degeri (0.05) bagimli
degisken sayisi olan 6’ya boliinerek p< 0.0083 olarak belirlenmistir (Pallant, 2007). MANOVA bu hatayi
kontrol etmede iyi bir yontem olsa da sayiltilari saglanamadigi icin kullanilamamistir.

Gruplari éntest OGSO puanlari agisindan kiyaslamak amaciyla, iHD, DHD, OiKi, OPOA ve SK igin
bagimsiz gruplar t-testi, normallik saglanamadigindan GD iginse Mann Whitney U yapilmistir. Sontest
OGSO alt boyutlari agisindan anlamli bir fark olup olmadigini belirlemek amaciyla her alt boyut icin ayri
ayri bagimsiz gruplar t-testi yapiimistir. LMDT verilerinde oldugu gibi dntest ve sontest OGSO verileri icin
de Tip 1 hatayi 6nlemek adina Bonferroni diizeltmesi yapilmis ve alfa degeri (0.05) bagimh degisken sayisi
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olan 6’ya bolinerek p< 0.0083 olarak belirlenmistir. MANOVA bu hatayi kontrol etmede iyi bir ydntem
olsa da, sayiltilari saglanamadigi igin kullanilamamustir.
Bulgular

Bilimsel Muhakeme Becerilerine iliskin Bulgular

Ontest LMDT alt becerilerinden ORD, DK, OLD ve HD normal dagihm géstermekle birlikte KD ve KHK
alt becerileri normal dagilmamaktadir. Buna goére dntest ORD, DK, OLD ve HD alt becerileri igin yapilan
bagimsiz gruplar t-testi sonuglarina gore gruplar arasinda ORD (t(52)=0.360, p>0.0083), DK (t(52)=2.303,
p>0.0083), OLD (t(52)=0.260, p>0.0083) ve HD (t(52)=-1.729, p>0.0083) puanlari agisindan anlamli farkhlik
yoktur. Bu degiskenler igin yapilan t-testi sonuglari ve betimsel istatistikler Tablo 5’te verilmistir.

Tablo 5
Ontest LMDT altbecerilerinden ORD, DK, OLD ve HD icin icin Betimsel istatistikler ve T-Testi Sonuglari
Bagimh Grup X S sd t p
degisken
Deney 0.82 0.47
52 0.360 0.720
ORD Kontrol 0.76 0.58
Deney 1.03 0.50
52 2.303 0.026
DK Kontrol 0.65 0.68
Deney 1.39 0.56
52 0.260 0.796
OLD Kontrol 1.34 0.74
Deney 1.50 0.96
52 1.729 0.090
HD Kontrol 1.03 0.99

Anlamlilik diizeyi=0.0083

Ontest KD ve KHK puanlari icin yapilan Mann-Whitney U testi sonuglarina gére gruplar arasinda KD (U=
265.000, z= -2.099, p>0.0083) ve KHK (U= 351.000, z= -0.255, p>0.0083) puanlari agisindan anlamli bir
farklilik olmadig tespit edilmistir. Bu degiskenler igin yapilan Mann-Whitney U testi sonuglari ve betimsel
istatistikler Tablo 6’da verilmistir.

Tablo 6
Ontest LMDT alt becerilerinden KD ve KHK icin Betimsel istatistikler ve Mann-Whitney U Testi Sonuglari
Bagimh Grup N Sira Sira U Z p
Degisken Ortalamasi Toplami
Deney 26 31.04 869.00
265.000 -2.099 0.036
KD Kontrol 28 23.69 616.00
Deney 26 27.04 757.00
KHK 351.000 -0.255 0.798
Kontrol 28 28.00 728.00

Anlamlilik diizeyi=0.0083

Sontest KHK, ORD, DK, OLD ve HD puanlarinin bagimsiz gruplar t-testi sonuglarina gére ise gruplar
arasinda KHK puanlari acisindan anlaml farklilik oldugu (t(52)=3.406, p<0.0083, kismi n2=0.18); ORD
(t(52)=1.992, p>0.0083, kismi n?=0.07), DK (t(52)=1.983, p>0.0083, kismi n?=0.07), OLD(t(52)=2.201,
p>0.0083, kismi n?=0.08), ve HD(t(52)=1.911, p>0.0083, kismi n2=0.06) puanlari acisindan anlamli farkhlik
olmadigi belirlenmistir. KHK icin 0,18'lik kismi n? degeri, uygulama ile dgrencilerin kiitle ve hacmin
korunumu becerisi arasinda biyik bir iliski oldugunu ve kitle ve hacmin korunumu becerisindeki
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varyansin %18’inin uygulamaya atfedildigini gostermektedir (Green vd., 2000). Sontest KHK, ORD, DK, OLD
ve HD igin yapilan t-testi sonuglari ve betimsel istatistikler Tablo 7’de verilmistir.

Tablo 7
Sontest LMDT altbecerilerinden KHK, ORD, DK, OLD ve HD i¢cin Betimsel istatistikler ve T-Testi Sonuglari
Bagimhi Grup X S sd t p Kismi n?
degisken
Deney 1.53 0.576
KHK 52 3.406 0.001 0.18
Kontrol 0.96 0.662
Deney 1.07 0.662
ORD 52 1.992 0.052 0.07
Kontrol 0.69 0.735
Deney 1.50 0.793
DK 52 1.983 0.053 0.07
Kontrol 1.03 0.915
Deney 1.46 0.637
oLD 52 2.201 0.032 0.08
Kontrol 1.11 0.515
Deney 1.78 0.629
HD 52 1.911 0.061 0.06
Kontrol 1.38 0.897

Anlamlilik diizeyi=0.0083

Sontest KD puanlari igin yapilan Mann-Whitney U testi sonuglarina goére gruplar arasinda KD puanlari
acisindan anlamli bir farklilik oldugu tespit edilmistir (U= 164.000, z= -4.068, p<0.0083, r=-0.553). KD igin
etki blyUkliglnt gostermek Gizere hesaplanan Pearson korelasyon katsayisi olan r degeri, yliksek bir etki
buyukluginiu gostermektedir (Cohen, 1992). Cevrim igi is birlikli 6grenme korrelasyonel disinme
becerisindeki toplam varyansin %30.5’ini aciklamaktadir (r? degeri). Yapilan Mann-Whitney U testi

sonuglari ve betimsel istatistikler Tablo 8'de verilmistir.

Tablo 8
Sontest LMDT alt becerilerinden KD icin Betimsel Istatistikler ve Mann-Whitney U Testi Sonuclari
Bagimh Grup N Sira Sira U Z p r
Degisken Ortalamasi Toplami
Deney 26 34.64 970.00
KD 164.000 -4.068 0.000 0.553
Kontrol 28 19.81 515.00

Anlamlilik diizeyi=0.0083

Ontest ve sontest LMDT toplam puanlari i¢in betimsel istatistikler Tablo 9’da verilmistir.

Tablo 9
Ontest ve Sontest LMIDT Toplam Puanlari icin Betimsel istatistikler
LMDT Grup N X S
.. Deney 26 6.60 1.98
Ontest
Kontrol 28 5.46 0.52
Sontest Deney 26 8.21 1.72
ontes
Kontrol 28 5.50 2.40
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Ogretimden sonra kontrol grubundaki égrencilerin bilimsel muhakeme becerileri agisindan Tablo 2’de
verilen beceri seviyelerine gore “Disiik Seviye 1”de kalirken deney grubu 6grencilerinin bu seviyeden
“Yiksek Seviye 1”e giktigi dikkat cekmektedir.

Motivasyona Ait Bulgular

Ontest OGSO alt boyutlarindan iHD, DHD, OiKi ve SK normal dagilim géstermekle birlikte GD ve OPOA
alt boyutlar normal dagilmamaktadir. Buna gore dntest iHD, DHD, OiKi ve SK alt boyutlari icin yapilan
bagimsiz gruplar t-testi sonuglarina gére gruplar arasinda iHD (t(52)=1.588, p>0.0083), DHD (t(52)=0.012,
p>0.0083) ve SK (t(52)=-1.825, p>0.0083) puanlari agisindan anlamli farklilk yoktur. Bu degiskenler igin
yapilan t-testi sonuglari ve betimsel istatistikler Tablo 10’da verilmistir.

Tablo 10
On-test OGSO altboyutlarindan IHD, DHD, OiKi ve SK icin Betimsel istatistikler ve T-Testi Sonuglar
Bagimh Grup X S sd t p
degisken
Deney 22.92 3.98
. 52 1.588 0.699
IHD Kontrol 21.11 4.41
Deney 17.82 4.25
52 0.012 0.773
DHD Kontrol 17.80 4.07
Deney 23.14 3.29
. 52 1.253 0.630
OIKI Kontrol 22.03 3.16
Deney 20.75 6.55
SK Kontrol 23.84 5.85 52 -1.825 0.779

Anlamlilik diizeyi=0.0083

Ontest GD ve OPOA puanlari igin yapilan Mann-Whitney U testi sonuglarina gére gruplar arasinda GD
(U= 234.000, z= -2.258, p>0.0083) ve OPOA (U= 339.500, z= -0.425, p>0.0083) puanlari agisindan anlamli
bir farklilik olmadigi tespit edilmistir. Bu degiskenler icin yapilan Mann-Whitney U testi sonuglari ve
betimsel istatistikler Tablo 11’'de verilmistir.

Tablo 11
On-test OGSO alt boyutlarindan GD ve OPOA icin Betimsel Istatistikler ve Mann-Whitney U Testi Sonuclari
Bagimli Grup N Sira Sira U z p
Degisken Ortalamasi Toplami
Deney 26 32.14 900.00
234.000 -2.258 0.024
GD Kontrol 28 22.50 585.00
. Deney 26 28.38 794.50
OPOA 339.500 -0.425 0.476
Kontrol 28 26.56 690.50

Anlamlilik diizeyi=0.0083

Sontest OGSO alt boyutlari normal dagihm gosterdiginden, yapilan bagimsiz gruplar t-testi sonuglarina
gore gruplar arasinda iHD (t(52)=2.346, p>0.0083), DHD (t(52)=-0.662, p>0.0083) ve OiKi (t(52)=-0.547,
p>0.0083) acisindan anlamli bir farklilik gézlemlenmezken; GD (t(52)=3.918, p<0.0083, n?=0.22), OPOA
(t(52)=5.412, p<0.0083, n?=0.36) ve SK (t(52)=3.867, p<0.0083, n?=0.26) acisindan farklilik oldugu
bulunmustur. Bu degiskenler icin yapilan bagimsiz gruplar t-testi sonuglari ve betimsel istatistikler Tablo
12'de verilmistir.
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Tablo 12
Sontest OGSO alt boyutlari icin Betimsel istatistikler ve T-Testi Sonuglari

Bagimh Grup N X S sd t p Kismi n?
Degisken
Deney 28 25.89 2.07
. 52 2.346 0.023 0.09
IHD Kontrol 26 24.26 2.96
Deney 28 16.21 2.13
52 -0.662 0.513 0.008
DHD Kontrol 26 16.84 4.41
Deney 28 39.57 2.51
52 3.918 0.000 0.22
GD Kontrol 26 36.26 3.61
Deney 28 21.42 2.41
52 -0.547 0.587 0.005
OIKI Kontrol 26 21.80 2.68
Deney 28 49.67 3.42
. 52 5.412 0.000 0.36
OPOA Kontrol 26 43.69 4.65
Deney 28 19.64 3.77
52 3.867 0.000 0.26
SK Kontrol 26 24.65 4.78

Anlamlilik diizeyi=0.0083

Tablo 12’deki kismi n? degerleri, GD, OPOA ve SK agisindan gruplar arasinda tespit edilen farkliligin etki
blyuklGginin oldukga yiksek oldugunu géstermektedir. Cevrim ici is birlikli 6grenme, deney grubunun
gorev degerindeki varyansin %22’sini, 6grenme ve performansla ilgili 6z-yeterlik algisindaki varyansin
%36’sin1, sinav kaygisindaki varyansin %26’sini agiklamaktadir.

Tartisma ve Sonug

Bu yari-deneysel arastirmanin bulgulari ¢evrim igi is birlikli 6grenmenin gevrim igi blylk grup
tartismasina kiyasla fen bilgisi 6gretmen adaylarinin bilimsel muhakeme becerilerinden kitle ve hacmin
korunumu ile korrelasyonel dislinme becerilerini yiksek etki buyuklikleriyle arttirdigini géstermistir.
Kitle ve hacmin korunumu somut islemler dénemine ait bir beceri olup 7-12 yas grubundaki ¢ocuklarca
anlasilabilir. Soyut islemlerden korrelasyonel akil yiiritme, hem oransal hem de olasiliksal diisinmeyi
gerektirir. Verilerin analizi ve karmasik gérevlerdeki bilimsel deneylerde gereklidir (Paredes et al., 2021).
Korrelasyonel problem ¢dzmede iki ya da daha fazla degisken arasindaki iliskinin derecesi bulunur (Ross &
Cousins, 1993). Ogrencilere verilen etkinliklerde égrencilerin Phet simiilasyonlari kullanarak degiskenler
arasindaki iliskiyi belirlemesini gerektiren uygulamalar bulunmaktadir. Deney grubunda is birlikli grup
calismalari sayesinde her 6grencinin bu similasyonlari deneyimleme sansi olmustur. Bliyik grup
tartismasi kullanilan grupta ise istekli 6grenciler simiilasyonlari kullanarak diger 6grencilere gostermis ve
bulgularini tartismislardir. Ogretimden sonra deney grubu 6grencilerinin bilimsel muhakeme becerileri
acisindan “Yiksek Seviye 1”e ¢ikmasi (Tablo 2), cevrim igi is birlikli 6grenmenin 6grencilerin
gozlemlenebilir nedensel etkenleri iceren hipotezleri tutarli bir sekilde test edebilme becerilerine
ulasabilmesinde etkili oldugunu gostermektedir. Diger yandan kontrol grubu o6grencileri baslangig
seviyeleri olan “Disilk Seviye 1”de kalmayi sirdirmuslerdir. Muhakeme becerilerinin 6gretilmesi Gizerine
vapilmis onceki arastirmalar, hipotez test etme becerilerinin en iyi sekilde, 6grencilere tanidik ve
gozlemlenebilir baglamlarda hipotezleri tekrar tekrar test etme firsati verildiginde gelistigini
gostermektedir (Westbrook & Rogers, 1994; Lawson vd., 2000). Bu ¢calismada, her iki gruba da hipotez
test etme etkinlikleri uygulanmistir, ancak is birlikli 6grenme grubunda 6grencilerin slirece daha aktif
katilmi saglanmustir. Kiictk gruplar halinde iletisim kurma imkani, 6grencilerin rahat hissetmelerini, soru
sormalarini ve geri bildirim alabilmelerini saglar. Ayrica, her 6grencinin verilen gorevlerle aktif olarak
ilgilenmesine olanak tanir, bu da ¢evrim igi is birlikli 5grenme grubunun bilimsel akil ylriitme becerilerini
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gelistirmesi icin daha fazla firsat sunar. is birliginin kullanildigi derslerde, 6gretmen adaylari sorgulama
yeteneklerini gelistirerek sinif icinde daha etkin bir rol oynarlar, bu da bilimsel muhakeme becerilerini
artirir. Blylik grup tartismasi uygulanan grupta sinif mevcudu géz 6niine alindiginda, tim 6grencilerin s6z
alabilmesi mimkin olmamis ve daha az sayida 6grenci sorularla istenen diizeyde mesgul olabilmistir.
Deney grubundaki 6grenciler, takim arkadaslariyla fiziksel olarak bir araya gelmemelerine ragmen, sanal
ortamda kameralarini agarak yiiz yiize aktif bir sekilde tartismalara katilmak zorunda olduklari i¢in daha
fazla beceri gelistirme firsatina sahip olmuslardir. Buna karsilik, kontrol grubundaki 6grencilerin bilimsel
muhakeme becerilerinin degismemesi, 6grenciler arasi etkilesimin deney grubuna gére daha kisitli olmasi
ve yiiz ylize olmamalari gibi etkenlere baglanabilir. Kontrol grubunda da kameralar agik olmasina ragmen,
deney grubundaki gibi, sadece dort kisinin bulundugu odalarda tartisma imkanlari bulunmadig igin,
katilimcilarin akranlariyla yiiz yize etkilesimleri oldukga sinirliydi.

Diger yandan is birlikli 6grenme grubundaki Ogrenciler daha fazla “akademik olarak dretken
konusmalar” yapabilmistir. Akademik olarak Uretken konusmalar, 6grencilerin birbirlerinin fikirlerine
dayanarak akil yiritme ve etkilesimi artirdigi konusmalari ifade eder (Dyke vd., 2013). Michaels ve
digerlerine (2008) gore, sinifta akademik olarak tretken konusmalarin olabilmesi igin 6grencilerin (1)
6grenme topluluguna sorumluluk duymasi, digerlerinin katkilarini dinlemesi ve kendi katkilarini
gelistirmesi, (2) mantiksal baglantilari vurgulayarak ve mantikli sonuglar ¢ikararak kabul edilmis
muhakeme standartlarina uymasi ve (3) bilgiye sorumluluk duymasi; gerceklere, yazili metinlere veya
diger kamuya acik bilgilere dayali argiimanlar olusturmasi gerekir. Ogretmenin y&nlendirmesi,
ogrencilerin akil yiriitme becerilerini sergilemelerine ve birbirlerinin akil ylritme becerilerini
kullanmalarini tesvik etmede kritik bir rol oynar. Daha da 6nemlisi 6gretmen, kendini merkeze alan bir
tartisma yerine Ogrencileri kendi bilgi ve diisinme sireglerinden sorumlu tutar ve akademik olarak
Uretken konugmalarini kullanarak hem kendilerini hem de birbirlerini sorumlu tutmalarini saglar. Dyke ve
digerleri (2013) gevrim igi is birlikli 6grenme ortaminin lise 6grencileri icin "akademik olarak Uretken
konusmalar" saglamada etkili ve uygun bir baglam oldugunu belirtmektedir. Bu calisma, ¢evrim igi is birlikli
6grenmenin O6gretmen adaylarinin bilimsel muhakeme becerilerini gelistirmede etkili olduguna dair
bulgulariyla Universite diizeyinde de gecerli olabilecegini gdstermektedir. Ogretim siiresi boyunca
6gretmen her grubun tartismasina katilarak karmasik disiinmeyi tesvik etmis ve bunu tretebilmeleri igin
dgrencilerle is birligi yapmustir. Ogretmen her iki grupta da bilginin égrenciye sunulmadigi yapilandirmaci
pedagojiyi benimsemis olsa da deney grubunda grup ici tartismalara katildigindan, tim 6grencilerle
etkilesime girerek 6grencilerin nasil dusiindiklerini izleyebilmis ve daha fazla sayida 6grenciyi Ust dizey
diisinme iceren tartismalara tesvik etmistir. Gruplar cevaplarini tim-sinif tartismasi sirasinda diger
gruplarla paylastiklari icin bilmedikleri konulari fark edip ifade edebilmis ve agikliga kavusturabilmistir.
Cevrim ici is birlikli 6grenmenin 6grencilerin bilimsel muhakeme becerileri tizerindeki olumlu etkileri,
ogrencilerin birbirlerini 6nemsedikleri ve birbirlerinin basarili olmasini istedikleri i¢cin 6grenmelerine
yardimci olduklarini varsayan sosyal biitlinlesme bakis agilariyla iliskilendirilebilir. Grup Gyelerinin aktif
o6grenme davraniglari sergiledikleri ve dolayisiyla birbirlerinin basarisini destekledikleri, sik ve agik
tartismalara katilan daha karmasik diizeyde anlama ve akil ylritme gelistirme yeteneklerini artirdiklari ve
bu nedenle bilimsel akil yGritmenin gelistigi sdylenebilir. Grup icerisinde, 6grencilerin soru sormalarina,
iddialari degerlendirmelerine ve is birligi icinde 6grenmelerine izin verildiginde, bilimsel akil ylritme ve
kavramlarin derinlemesine anlasilmasi kolaylastiriimis olmaktadir (Osborne vd., 2016).

Arastirmanin bilimsel muhakeme becerilerine iliskin bulgulari literatlirdeki arastirmalarla uyumludur.
Ornegin Othman ve digerleri (2010) cevrim igi is birlikli 3grenmenin bilgisayar programciligi 6grencilerinin
mantiksal distinme becerilerini gelistirdigini géstermistir. Kim (2014) ise is birlikli senkron ¢evrim igi
tartismalarin doérdiinci sinif 6grencilerinin daha iyi argimanlar, karsit arglimanlar ve grdticiler iceren
metinler yazabildiklerini ve boylelikle birbirleriyle etkilesime girerek akil ylritmeyi 6grenebildiklerini
gostermistir. Rashid ve digerleri (2016), cevrim ici is birlikli 6grenmenin ¢evrim ici bliylik grup tartismasina
kiyasla lise 6grencilerinin muhakeme becerilerinin gelistirdigini bulmustur. Benzer sekilde Alharbi ve
digerleri (2022) E-is birlikli 6grenme ortaminin okul éncesi 6gretmenligi 6grencilerinin elestirel dislinme
becerilerini, degiskenleri tanimlama ve degistirme becerilerini, hipotez test etme becerilerini ve bilimsel
muhakeme becerilerini gelistirdigini bulmustur.
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Bu calismanin bulgulari es zamanl etkilesimin 6ne giktigi cevrim igi is birlikli 68renmenin fen 6gretmen
adaylarinin motivasyonlarini nemli diizeyde arttirdigini géstermektedir. is birlikli 6grenme grubundaki
Ogrencilerin gérev degeri, 6grenme ve performansla ilgili 6z-yeterlik algisi ve sinav kaygisinda blyik grup
tartismasi grubuna gore yiksek etki blyuklikleriyle artis godzlenmistir. Gorev degerindeki artis,
ogrencilerin uygulanan etkinlikleri daha ilging, 6nemli ve degerli buldugunu gdéstermektedir. Genel
beklenti-deger teorisi cergevesinde, algilanan gorev degeri, 6grencilerin gorev tercihlerini, géreve katihm
dizeyini ve 6grenme davranislarinin kaliciligini etkiler. Goérev degeri ayni zamanda basari ile ilgili
secimlerin bir yordayicisi olarak goriilmektedir (Eccles, 2005). Pozitif gérev degeri algisina sahip 6grenciler,
zorlayici etkinliklerle ugrasirken daha azimli ve kararli olabilirler (Neber & Schommer-Aikins 2002) Cevrim
ici is birlikli 6grenme grubundaki 6grenciler, takim igi roller aracilifiyla sorumluluk alarak takim ruhu,
olumlu bagimlilik ve destekleyici etkilesime sahip olma firsati yakalamislar ve bu sayede ortak gorevlerine
daha fazla deger vermis, bu gérevi daha 6nemli ve ilging bulmus olabilirler. Ham ve Myers (2019)
Universite 6grencilerinin is birlikli sorgulama ortaminda kullanilan 6grenme etkinliklerini daha degerli
bulduklarini belirtmistir. Ogrenciler arkadaslarinin agiklamalarini  anlamanin, sadece profesérii
dinlemekten daha kolay oldugunu ve akranlarindan, 6gretmenden ve asistanlardan yardim alabilmenin
degerini takdir ettiklerini ifade etmislerdir. Bu 6grenciler "yapmanin" ve "uygulamali 6grenmenin”
degerini ifade eden aciklamalar yapmislardir. Onceki arastirmalar is birlikli 8grenmenin ilk, orta ve yiiksek
ogretimde 6grencilerin gorev degerini gelistirdigini gostermektedir (Opdecam vd., 2014; Townsend &
Hicks, 1997; Sen vd., 2015; Yu vd., 2014).

Cevrim ici is birlikli 6grenme 6grencilerinin 6grenme ve performansla ilgili 6z-yeterlik algisinin daha
fazla artmasi, is birlikli 6grenme ortaminda 6grencilerin gérevi basarmayla ilgili yiksek performans
beklentisi ve 6z-yeterlilige sahip olduklarini gosterir. Courtney ve digerleri (1992) is birlikli 6grenmenin
diisiik performans gosteren 6grencilerin 6zsaygilarini artirdigini vurgulamistir. Gruplarin gesitlilik gbsteren
yapisi, 6grencilere grup destegi saglar ve becerilerin birlestirilmesiyle gliclendikleri algisini verir. Ayrica is
birlikli 6grenme baglamlari 6grencilerin kendilerine benzer kisilerin basarilarini gézlemleyerek dolayh
deneyimler kazandiklari ve akranlarindan olusan bir grup icinde yer alarak digerlerini degerlendirdikleri
icin yiksek dizeyde basari beklentisi ve 6z-yeterlik gelistirmelerine imkan verebilir (Belge Can & Boz,
2016). Courtney ve digerleri (1992) ayni zamanda, bir 6grencinin 6z yeterliliginin belirli gérevlerde
tekrarlanan basari deneyimleriyle arttigini vurgulamistir. Ogrenciler, is birlikli 8grenme ortaminda grup
arkadaslarinin destegiyle bir gérevde ustalasmaya odaklanirlar ve bu, 6z-yeterlikle glgli bir sekilde
iliskilidir. Bu galismada gevrim igi is birlikli 68renme sinifindaki 6grenciler akran destegiyle daha fazla basari
deneyimi yasamis ve grup arkadaslarinin argiimanlarini gelistirmislerdir. is birligine dayali etkinlikler,
ogrencilerin zorluklari birlikte asarak ve ortak hedeflere ulasarak yetkinlik ve ustalik duygusu
gelistirmelerine olanak saglar. is birligine dayali 8grenme, karsilikli bagimlihg tesvik ederek aktif katilimi
ve fikir alisverisini artirir, boylece 6grencilerin katkilarinin degerini ve etkisini gérmelerini saglar. Bu sadece
kendi yeteneklerine olan glivenlerini artirmakla kalmaz, ayni zamanda basarili olma kapasitelerine olan
inancglarini da gliclendirir (Fernandez-Rio vd., 2017). Buna ek olarak, is birlikli 6grenme ortamlarinda
akranlardan gelen sosyal destek ve olumlu pekistirme, 6grencilerin yeteneklerine olan inancini arttirabilir,
bu da 6grenme igin daha yiiksek 6z yeterlilige ve daha iyi performansa yol agabilir. is birlikli 6grenme,
ustalik deneyimleri, sosyal ikna ve duygusal durum diizenlemesi icin firsatlar saglayarak 6z yeterliligi tesvik
eder ve sonugta 6grencileri akademik zorluklari glivenle tstlenmeleri igin gliglendirir. Cevrim ici is birligi,
bazi olumsuz algilanan durumlari 6nlemis olabilir. Bu durumlar sunlar olabilir: 6gretmenin tim etkili
iletisim kuramamasi, 6grencilerin aidiyet duygusunun gelismemesi, dersin bir pargasi olarak hissetmeme
ve dolayisiyla gériinmez bireyler olarak tasvir edilme. Gergekten de uygulama sonrasi OPOA’nin artisi,
ogrencilerin varligini hissetmelerini, fark edilmelerini ve bu durumun motivasyonlarini artirdigini
gostermektedir.

Bu calismanin bulgulari, c¢evrim ici is birlikli 6grenmenin motivasyonu arttirdigini gosteren
arastirmalarla uyumludur (Sugino, 2021; Tan vd., 2022; Wang vd., 2022; Yoshida vd., 2014; Zheng & Zhou,
2023). Calisma, cevrim ici is birlikli 6grenmenin fen 6gretmen adaylarinin fen 6gretimi dersinde de gorev
degeri algilarini ve 6grenme ve performansla ilgili 6z-yeterliklerini gelistirebilecegini gostererek alana katki
saglamaktadir. Ayrica, es zamanl etkilesimin katilimi tesvik ettigini ve pandemi siirecindeki durumda
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O6grenme motivasyonunu artirdigini dogrulamaktadir (Lin & Gao, 2020; Sugino, 2021). Pandemi,
Ogrencilerin sosyal baglarini sinirlayarak kisisel iliskiler gelistirmekte zorluklar yasamalarina neden
olmustur. Bu nedenle, gevrim ici derslerde etkilesimli 6gelerin bulunmasi 6grencilerin izolasyonunu
azaltmak igin dnemlidir. Bu ¢alisma, cevrim ici araglar ve grup tartismalari yoluyla sinif ici etkilesimi tesvik
ederek bu sorunlari ele almistir.

Calismanin bir diger bulgusu ¢evrim igi is birlikli 6grenmenin sinav kaygisini arttirmasidir. Sinav kaygisi,
Ogrencilerin sinavlarda basarili olma endisesini temsil eder ve stresin 6nemli bir belirleyicisidir (Pintrich,
2004). Arastirmanin bu bulgusu literatlirdeki bazi ¢alismalarla gelismektedir. Bu g¢alismalar is birlikli
O6grenmenin sinav kaygisini etkilemedigini ya da azalttigini iddia etmektedir (Abodike & Achufusi, 2021;
Belge Can, & Boz, 2016; Griffin & Griffin, 1998; Masomi, 2015). Bu arastirmalarin fiziksel olarak yiz yiize
ortamlarda yapildigi goéz 6niine alindiginda, ¢evrim ici is birlikli 6grenme baglaminda sinav kaygisi
acisindan durum farkhhk gostermektedir. Bu calismada, acil uzaktan egitime gecilmesinin ardindan
uygulanan cevrim ici is birlikli 3grenme ortaminda 6grencilerin, alsilmisin aksine daha zorlayici takim
gorevleriyle mesgul olmasi, sinavlar kaygilarini arttirmis olabilir. Cevrim ici is birlikli 6grenme Turkiye’de
Universitelerde yaygin olarak kullanilan bir yontem degildir ve bu ¢alismanin katiimcilarinin buna iliskin
deneyimi yoktur. Bu durum da 6grencilerde sinavlara iligskin stres diizeyini arttirmis olabilir.

Bu arastirmadaki katilimcilarin bir kismi, belirli 6l¢tide dijital erisim zorluklaryla (internet kesintisi ya
da baglantisal yavaslamalar) karsilasmalarina ragmen ders etkinliklerine katilmis ve tiim degerlendirmeleri
tamamlamistir. Hicbir 6grenci, bu acil cevrim ici 6grenme déneminde dersi birakacak kadar olumsuz dijital
erisim kosullariyla karsilasmamistir. Arastirma bulgularina dayanarak g¢evrim ici is birlikli 6grenmenin
bilissel ve duyussal kazanimlarini ve mesleki yeterliliklerini arttirmak adina fen bilimleri 6gretmen
adaylarinin egitiminde kullaniimasi 6nerilmektedir. Teknoloji kullanimindaki farkhhklarin (stesinden
gelmek icin, katiimcilara Microsoft Teams veya Zoom gibi uygulamalarin is birlikli 6grenme igin nasil
kullanilacagina dair egitim verilmelidir. Farkh uygulamalarin farkh sorunlar gikarabilecegi géz 6éniinde
bulundurularak, pilot uygulama yapilabilir ve olasi sorunlar minimize edilebilir. Gelecekteki ¢alismalarda,
cevrim ici is birlikli 6grenmenin 6gretmen adaylarinin akademik basari, yasam becerileri, mesleki 6z-
yeterlik ve tutumlari Gzerindeki etkileri arastirilabilir. Nitel verilerle desteklenen nicel veriler, ¢calismanin
gecerliligini artirabilir. Ayrica, 6gretmen adaylarinin ¢evrim ici is birlikli 6renme deneyimleri incelenerek
karsilastiklari zorluklar ve olumlu deneyimler belirlenebilir, bu da derslerin gevrim igi is birlikli 6grenme
odakli olarak diizenlenmesine yardimci olabilir.

Sinirhihiklar

Bu calismada &grenciler gruplara bireysel olarak degil sinifca atanmistir. Ogrencilerin ders
programlarindaki uyumsuzluklar nedeniyle ders kayitlari sirasinda belirlenen siniflarinin degistirilmesi
mimkin olmamistir. Arastirmanin tim katilimcilari Tirk 6grencilerden olusmaktadir. Calismanin kisith
slresi, kapsami ve 6rneklem biyukligl, elde edilen sonuglari sinirlayabilir. Potansiyel bir dis gegerlilik
tehdidi, calismanin arastirmaci tarafindan yuritilmesidir, bu durum deney grubundaki katihmcilara
istemeden ayricalik tanima riskini artirabilir. Ancak, 6gretmen her iki gruba da benzer sekilde davranmaya
6zen gostermistir.

Yazar Katki Orani
Yazarlar, galismaya esit oranda katki sunmuslardir.
Etik Beyan

“Yuksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer alan tim kurallara
uyulmus ve yénergenin ikinci bolimiinde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykiri Eylemlerden”
hicbiri gerceklestirilmemistir.

Catisma Beyani

Yazarlar ¢alisma kapsaminda herhangi bir kurum veya kisi ile g¢ikar ¢atismasi bulunmadigini beyan
etmektedirler.
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