Educational Policy Analysis and Strategic Research, V16, N3, 2021
©2021 INASED

Preservice Classroom Teachers' Applications of Science Experiments with Cooperative
Learning Model: A Mixed Design Research®

Ayten ARSLAN?
Mus Alparslan University

Abstract

This study aimed to determine the effect of a cooperative learning model (CLM) on preservice
classroom teachers’ attitudes towards science experiments. The sample consisted of 45 students in the
department of primary education of the faculty of education of a public university in the 2017-2018
academic year. The sample was divided into two groups: experimental (n=24) and control (n=21).
The experimental group received an education based on a CLM, while the control group received an
education based on the conventional method specified by the curriculum. The study employed a
mixed research design and consisted of two parts: quantitative and qualitative. In the quantitative part,
an semi-experimental pretest-posttest control group design was used. In the qualitative part,
phenomenology was used. The quantitative data were collected using the Scale of Attitudes Towards
Science Experiments (SATSE) and analyzed using a t-test. The qualitative data were collected using
an interview questionnaire and analyzed using content analysis. The experimental group had a
significantly higher mean SATSE score than the controls. The experimental group also had a higher
mean posttest than pretest SATSE score, which was statistically insignificant. The control group had a
significantly lower mean posttest than pretest SATSE score. Content analysis showed that the CLM
improved some participants’ attitudes towards science experiments. They were more interested in
science experiments and enjoyed participating in them more, and believed that the CLM made science
experiments fun and easier to understand. However, some other participants stated that the CLM did

not affect their attitudes towards science experiments.
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Introduction

The primary goal of education is to turn students into people equipped with 21st-century
skills. Today, making sense of knowledge and putting it into practice is more important than just
having it (MoNE, 2017). Given the implications of applied science on social life, we can see how
important science learning and teaching today is. Students who receive high-quality science education
are more likely to understand science concepts, catch up with scientific advances, and use scientific
methods to solve everyday problems (Hanger, Sensoy & Yildirim, 2003). In and out-of-school
educational settings should promote cognitive and mental development to get students to develop
scientific skills and put them to use. National and international studies highlight the significance of
science learning environments (Cetin & Cengiz, 2021; Hofstein & Lunetta, 2004; Ozdemir & Kaptan,
2013). Most studies address the effect of lab use and lab-learning approaches on the quality of science
teaching (Karaer, Karademir & Tezel, 2020; Lunetta, 1998; Townsend, 2012; Ulu, 2019). Labs allow
students to gain hands-on experience, develop hypotheses, and discuss and test them to solve
problems and understand the nature of science (Tobin, 1990). Laboratories are settings where students
define problems and develop manual and processing skills. In laboratories, students make
observations or acquire abstract perception experiences, turning abstract concepts into concrete
guestions and grasping the significance of knowledge. Laboratories promote psychomotor skills,
make learning fun, facilitate group work, and most importantly, provide learning retention as they
allow students to learn by living and doing (Partalci, Topsakal & Ozkan, 2019). Lab classes turn
abstract concepts into concrete forms and encourage students to relate science concepts to daily life,
construct science knowledge, solve problems scientifically, and collaborate (Baran & Dogan, 2004;
Onen ve Comek, 2011). Lab classes help students develop a wide range of skills at different stages of
education. However, the role of lab classes in science teaching has changed throughout history. In the
past, science class was based on theoretical knowledge presentation and then demonstration
experiments, but today students conduct lab experiments individually or in groups during science
class (Baran & Dogan, 2004). Experiment-based science learning refers to the translation of scientific
knowledge into everyday experiences. Students question the causes of natural phenomena and
propose solutions and experimentally test their accuracy (Annagiin & Duban, 2014). Experiments
provide first-hand information, make difficult subjects easier to learn, encourage students to question,
research, and observe, thus helping them better understand nature. Therefore, students participating in
experiments are more likely to develop positive attitudes towards experiments in particular and
science in general (Dogan, 2010). Theoretical learning with only mental activities appeals to cognitive
or cognitive-affective learning domains while ignoring the motor learning domain. On the other hand,
experiments achieve learning in all three domains. Students who do not participate in lab activities
cannot achieve psychomotor learning outcomes (Ergin, Pekmez & Erdal, 2012). Therefore, lab

activities play a crucial role in science teaching. Teachers are responsible for conducting effective lab
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activities and teaching students how to use simple lab equipment and benefit from out-of-classroom
lab settings. Primary school students learn science from classroom teachers. The Science Teaching
Program revised in 2013 stipulates that science education start from the third grade of primary school,
allowing students to learn about living things and natural phenomena at an early age through
observation and experimentation (Ministry of National Education (MoNE), 2013). Students are
exposed to science for the first time in primary school. Therefore, classroom teachers have a great
responsibility for science teaching (Geng, Denis & Demirkaya, 2010). Students can conduct a wide
range of experiments with simple everyday life materials in science labs (Onen & Comek, 2011).
However, research shows that preservice teachers know little about how to use lab equipment and
conduct experiments. Therefore, before starting out their professional career, preservice teachers
should be trained to encourage their students to develop scientific process skills and conduct
experiments with everyday life materials (Yu & Bethel, 1991). Preservice teachers should learn how
to use labs effectively before they graduate so that they can teach that to their students. This, above all
things, depends on their perceptions and attitudes towards labs (Senler, Karisan & Bilican, 2017)
because those with positive perceptions, beliefs, and attitudes towards labs are likely to integrate lab
activities more into their teaching (Feyzioglu et al., 2011). Therefore, if we want to make sure that
students can use labs and conduct experiments effectively, we should first help teachers develop
positive attitudes towards labs and experiments. Teachers’ attitudes affect students’ attitudes and
performance. Therefore, it is of paramount importance to know about teachers’ and preservice
teachers’ attitudes towards teaching. What is more, students’ attitudes affect and are affected by their
performance because there is a positive correlation between attitude and academic achievement
(Uyanik, 2017; Bozdag, 2019).

Science experiments allow students to understand difficult subjects easily and learn by doing
and living. Therefore, lab activities should be designed in a way that they can promote student
engagement, meaningful and permanent learning, and positive attitudes towards experimentation. In
this context, cooperative learning models (CLMSs) are very useful for getting students to carry out
classroom and lab activities (individual or group) with simple equipment. Cooperative learning is a
model where small and heterogeneous groups of students help each other learn. Cooperative learning
models are used in different cultures, geographies, areas, and levels of education (Dendup &
Onthanee, 2020; Garcia, 2021; Han & Son, 2020; Sulfemi & Kamalia, 2020; Van Ryzin, Roseth &
Biglan, 2020; Yildiz, Caliklar & Simsek, 2020). Cooperative learning is a pedagogical method that
helps students interact and collaborate to achieve shared goals, and thus, develop cognitive, affective,
and psychomotor skills (Samosa, 2021; Yildiz, Aggiil, Caliklar & Simsek, 2020). This was the focal
point of this study, which focused on determining the effect of a CLM on preservice classroom
teachers’ attitudes towards science experiments. We believe that the results will guide future studies

and contribute to science and classroom education.
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Research Objective

This study aimed to determine the effect of (CLMs) on preservice classroom teachers’

attitudes towards science experiments. The study sought answers to the following subquestions:

Is there a significant difference in pretest scores between the experimental and control
groups?

Is there a significant difference between pretest and posttest scores for the experimental
group?

Is there a significant difference between pretest and posttest scores for the control group?

Is there a significant difference in posttest scores between the experimental and control

groups?

How does the experimental group think the CLM affects their attitudes towards science

experiments?

Method
Research Model

The explanatory sequential design was the mixed research design of choice in this study to
ensure that participants understood the research questions. The explanatory sequential design consists
of two stages: qualitative and quantitative (Creswell & Plano-Clark, 2015). In the first stage,
quantitative data are collected, and statistical tests are used to overview the subject of interest. In the
second stage, qualitative data are collected and analyzed based on quantitative results. The qualitative
data helps the researcher explain and enrich the quantitative data (Creswell, 2009). Figure 1 shows the

path diagram of the design.

Figure 1. Explanatory Sequential Design
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The quantitative stage employed an semi-experimental pretest-posttest control group design,
in which participants’ scores are measured before and after an experiment concerning the same
dependent variable. Participants are divided into two groups: experimental and control (Karasar,
2005).

The qualitative stage employed phenomenology, which seeks answers to the question, “What
is the truth? Phenomenology is used by researchers interested in how people experience a
phenomenon or a situation and what meaning they attribute to it. Phenomenology is a descriptive
form of research in which defining facts is more critical than generalizing (Akturan & Esen, 2008). In
this study, the experimental group participants were interviewed after the CLM. Interviews were held

with volunteer participants (n=22).

Participants

The sample consisted of 45 second-year students (30 women and 15 men) of the department
of primary education of the faculty of education of a public university in the 2017-2018 academic
year. The sample was randomized into two groups: experimental (n=24) and control (n=21).
Participants were recruited by the researcher using convenience sampling within the scope of the

“Science Laboratory Activities” course.

Data Collection Tools

Quantitative data were collected using the Scale of Attitudes towards Science Experiments
(SATSE) developed by Yildiz, Aydogdu, Akpinar, and Ergin (2007). SATSE consists of 19 items
scored on a five-point Likert-type scale. It has an item-total score correlation coefficient of .33 to .88,
an internal consistency coefficient 0f.91 to .94., and a Cronbach’s Alpha of .92, indicating high

reliability.

Qualitative data were collected through individual semi-structured interviews to determine
how participants thought the CLM affected their attitudes towards science experiments. In the
interviews, they were asked, “How did the CLM affect your attitudes towards science experiments?”

followed by probe questions for clarification and elaboration when needed.

Data Analysis

In the quantitative stage, the Shapiro-Wilk test was used for normality testing. The results
showed that the data were normally distributed, and therefore, were analyzed using a t-test
(Biiytikoztiirk, 2010). Tables 1 and 2 show the normality results for the experimental and control

groups, respectively.
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Table 1. Normality Testing for Experimental Group SATSE Pretest and Posttest Scores

Experimental group n Shapiro- Wilk X df sd Skewness Kurtosis
Pretest 24 .098 3,07 23 329 -.684 -.400
Posttest 24 .309 3,24 23 257 -.684 -.400

The SATSE pretest and posttest scores of the experimental group were normally distributed
(S-W=.098, sd=.329 and p>.05; S-W= .309, sd=.257 and p>.05) (Table 1), and therefore, were

analyzed using a t-test.

Table 2. Normality Testing for Control Group SATSE Pretest and Posttest Scores

Control group n Shapiro- Wilks X df sd Skewness  Kurtosis
Pretest 21 778 3.24 20 .282 .358 .035
Posttest 21 147 3.04 20 159 ~758 .282

The SATSE pretest and posttest scores of the control group were normally distributed (S-
W=.778, sd=.282 and p>.05; S-W=.147 sd=.159 and p>.05) (Table 2), and therefore, were analyzed

using a t-test.

The qualitative data were analyzed using content analysis. The interviews were transferred to
a computer and made ready for analysis. The researcher and an expert read them multiple times and
then coded them. Concepts were determined based on the interviewees’ views on the effects of the
CLM on their attitudes towards science experiments. This allowed the researcher to see how many
interviewees reflected on the same concepts. After coding, a code list was created to determine the
shared aspects of the codes, and then, themes were developed to outline the results. In qualitative
research, reliability is the consistency between codes developed by multiple researchers (Creswell,
2013). The codes were compared, and those that did not match were classified into corresponding
categories or were eliminated. Direct quotations were used to provide an accurate and coherent
picture of the interviewees’ views and to increase the reliability of the study (Yildinm & Simsek,

2011). The themes were defined and interpreted in the “Results” section.

Experimental Process

This section addressed the applications carried out in the experimental and control groups
during the research process.

Procedure in Experimental Group

The experimental group was informed about the purpose, content, and procedure prior to the
learning together method which is the one of the CLM. Afterward, they took SATSE as a pretest. The
whole process lasted 12 weeks (one experiment each week). The experimental group participated in
learning together method experiments two hours a week for 12 weeks (48 hours in total). The

experiments were as follows:
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1. The reflection of sound and light waves
2. The image in the mirror

3. Heat and temperature

4. Acids and bases

5. Magnetism

6. Separating mixtures

7. Buoyancy, floating-sinking
8. Changes of state

9. Force and motion

10. Electricity

11. Pressure

12. Germination

The experimental participants were divided into six groups of four before the experiments.
The groups were randomly assigned tasks, such as doing research about the experiments and
providing materials. The participants in learning together group were randomly assigned roles; an
observer (motivating group members for participation and high performance and taking observation
notes), a supplier (procuring materials), a recorder (writing down experimental outcomes on a piece of
paper), and a spokesperson (communicating with other groups and informing the teacher of in-group
problems). They conducted the experiments according to the instructions. All participants did research
on the same topic and fulfilled the duties assigned to them. For evaluation, a randomly selected group
explained the subject assigned to them and conducted the related experiment, and then presented a
report to the class. Another group selected by the teacher asked one or all group members questions
about the subject. The groups took notes in each class. The in-group roles were reassigned every
week. The experimental group completed SATSE (posttest) and was interviewed after the

experiments. Figure 2 shows procedure in experimental (learning together) group.
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Informing participants of cooperative learning
and activities

Administering SATSE as a pretest

Performing cooperative learning activities for
12 weeks

‘I Administering SATSE as a posttest

{]

Figure 2. Research Process for the Experimental Group

Procedure in Control Group

The control group was informed about the purpose, content, and procedure prior to the CLM.
Afterward, they took SATSE as a pretest. The whole process lasted 12 weeks (one experiment each
week). The control group participated in the CLM two hours a week for 12 weeks (48 hours in total).
They conducted the same experiments as the experimental group and covered classes as specified by
the curriculum.

The participants were divided into five groups of four and five (one group) at their request at
the beginning of the procedure. They conducted the experiments according to the instructions. During
the experiments, the teacher walked around and answered questions and offered assistance when
needed. Participants drew up reports on the experiments and handed them over to their teachers the
following week. Their performance was evaluated based on those reports. They completed SATSE

(posttest) after the experiments. Figure 3 shows procedure in control group.

Informing participants of activities

Performing activities according to the
curriculum for 12 weeks

Figure 3. Research Process for the Control Group
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Results

This section addressed the results of the qualitative and quantitative analysis.

Quantitative Results

A t-test was used to answer the first research question. Table 3 shows the results.

Table 3. SATSE Pretest and Posttest T-Test Results for Experimental Group

Experimental group n X ss sd t p
Pretest 24 2.73 371
Posttest 24 2.88 462 23 -1.280 213

There was no statistically significant difference between SATSE pretest and posttest scores
for the experimental group (t=-1.280 and p>.05) (Table 3).

A t-test was used to answer the second research question. Table 4 shows the results.

Table 4. SATSE Pretest and Posttest T-Test Results for Control Group

Control group n X SS sd t p
Pretest 21 2.76 220
Posttest 21 2.63 242 20 2714 0,213

The control group had a significantly lower mean posttest than pretest SATSE score (t=2.714
and p<.05) (Table 4).

A t-test was used to answer the third research question. Table 5 shows the results.

Table 5. SATSE Pretest T-Test Results for Experimental and Control Groups

Groups n X SS sd t p
Experimental 24 2.73 371
Control 21 2.76 220 44 -.351 27

There was no significant difference in mean SATSE pretest scores between the experimental

and control groups (t=-.351 and p>.05).
A t-test was used to answer the fourth research question. Table 6 shows the results.

Table 6. SATSE Posttest T-Test Results for Experimental and Control Groups

Groups n X SS sd t p
Experimental 24 2.88 462
Control 21 2.63 242 44 2271  .028

The experimental group had a significantly higher mean SATSE posttest score than the
control group (t= 2.271 and p<.05) (Table 6).
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Quialitative Results

The experimental group participants (n=22) were interviewed to seek answers to the fifth

research question. Figure 4 shows the results.

Attitudes towards

Science
Experiments
/F’c:sitive\
Fun Loving Interesting MNo Change Enjoyable Easy Clear

Figure 4. Participants’ Attitudes towards Science Experiments

The interviewees’ attitudes towards science experiments were grouped under the theme of
“positive,” which consisted of the codes of “Easy (f=5),” “Loving (f=5),” “Fun (f=4),” “Interesting
(f=3),” “Enjoyable (f=2),” “Clear (f=2),” and “No change (f=6)” (Figure 4). The following are direct

guotations from interviewees (pseudonyms):

Filiz: We shared the materials, which made the whole thing cheaper. We did the experiments after
collecting theoretical information. It helped us better understand the experiments. Plus, everybody

knew what they were supposed to do, so we could work together.
(Positive, clear)

Aygiil: It helped me express myself and feel comfortable around my groupmates and see my own

shortcomings. | love teamwork and experiments better now.
(Positive, loving)

Ibrahim: The point of this method is getting us to do research. | was not that interested in and did
know much about the subjects | was searching for, so the experiments helped me learn about them.

Science experiments are fun, so | will do the same with my students in the future.

(Positive, interesting, fun)
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Zerrin: [ wouldn’t understand the experiments at all, If I was the only one doing them. I did them with
four classmates in learning together group, which made it easier for me to learn and achieve learning

retention
(Positive, easy, clear)

Davut: We helped each other and had different responsibilities during the experiments. We all
observed the experiments and tried to reach a consensus. However, it didn’t change my attitude

towards experiments because | already love science experiments.
(Positive, no change)
Discussion, Conclusion and Recommendations

This study investigated the effect of a cooperative learning model (CLM) on preservice
classroom teachers’ attitudes towards science experiments. The results were discussed in the light of

the literature.

Before the procedure, all participants completed the scale of attitudes towards science
experiments (SATSE) as a pretest. Their prettest scores were analyzed using a t-test. There was no
statistically significant difference in mean SATSE pretest scores between the experimental and
control groups, indicating that all participants had similar attitudes towards science experiments

before the procedure.

The experimental group participated in the learning together method. Their mean SATSE
pretest and posttest scores were analyzed using a t-test. However, the results showed no significant
difference between their scores, indicating that the learning together method did not significantly
affect the participants’ attitudes towards science experiments. Although not statistically significant,
the learning together method slightly improved the participants’ attitudes towards science
experiments. This is due to the critical properties of learning together method. During the
experiments, the tasks were carefully distributed and then redistributed each week, which reduced the
participants’ workload and strengthened the bond between them, allowing them to do the experiments
more easily. This led to a slight improvement in their attitudes towards science experiments. The
participants did research on the subjects of the experiments and informed their groups about them
beforehand. Altiparmak and Nakipoglu (2002) also found that CLMs improved students’ biology lab
performance but did not change their attitudes towards science experiments. Tagsdemir (2004) reported
that CLMs made students academically more successful but did not improve their attitudes towards
science experiments. These results support ours. Yapici, Hevedanli, and Oral (2009) compared the
effects of CLMs and conventional methods on students’ lab performance and attitudes. They
determined that CLMs made students more successful, with little improvement in their attitudes

towards science experiments.
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The control group’s mean SATSE pretest scores were analyzed using a t-test. They had
significantly lower posttest than pretest scores, indicating that the activities based on the current
curriculum negatively affected their attitudes towards science experiments. This may be because the
control group could not build a strong bond and failed to get organized during the activities, resulting
in a few participants doing most of the work. This might have negatively affected their attitudes
towards science experiments. Besides, the control group did not do much research on the subjects,
which may also have negatively affected their attitudes towards science experiments.

The experimental and control groups’ mean posttest SATSE scores were analyzed using a t-
test. The results showed that the experimental group had significantly higher scores than the controls,
indicating that the CLM was better at improving the participants’ attitudes towards science
experiments than the current curriculum, which is also supported by the qualitative results. In the
interviews, most participants stated that the CLM positively affected their attitudes towards science
experiments in various ways. However, others stated that the CLM did not significantly change their
attitudes because science experiments helped them understand abstract science concepts or because
they already loved and were interested in science experiments and found them enjoyable and
entertaining. The participants shared responsibility in the CLM activities, which reduced their
workload and helped them conduct the experiments easily. Therefore, they loved science experiments
better thanks to the CLM activities. Exchanging information, learning from each other, and correcting
incomplete or inaccurate information made the experiments easier to understand. Interaction, naming
the group, and reassigning the tasks weekly made the science experiments more fun for the
participants. Sontay and Karamustafaoglu (2018) argue that students who collaborate to conduct
science experiments are likely to share, organize, interact, and collaborate more. Positive commitment
(the group fails if one of the group members fails), an indispensable component of cooperative
learning, made the participants more eager to do the experiments. Townsend (2012) notes that
students should be encouraged to conduct interesting and cost-effective experiments that can be
conducted with easy-to-access materials. Research shows that students who interact and collaborate
during lectures help each other learn without even knowing that they do (Arslan & Zengin, 2016;
Doymus, Simsek & Bayrakegeken, 2004; Giiveng & Acikgdz, 2007). The experimental group had
higher SATSE scores than controls, probably because CLMs support social and emotional
development (Simsek, Simsek, & Doymus, 2006). There is no published research examining the
effect of learning models on preservice classroom teachers’ attitudes towards science experiments.
Most studies examine teachers’ or students’ attitudes towards science, physics, chemistry, and biology
laboratories or focus on their perceptions and views on science experiments (Cil & Calisoglu, 2020;
Geng et al., 2010; Sezen Vekli, 2018; Senler, Karisan & Bilican, 2017). However, earlier studies have
reported results similar to ours (Collison, 1993; Foley & McPhee, 2008; Lang, Wong & Fraser, 2005;
Onen & Coémek, 2011; Townsend, 2012). Yildiz, Akpmar, Aydogdu, and Ergin (2006) found that
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science teachers had positive attitudes towards the goals of science experiments. They also
determined that teachers considered science experiments important because they appealed to senses,
facilitated learning and cooperation, and helped them develop manual, observational, and reasoning
skills. According to Kaya and Boyiik (2011), students have positive attitudes towards science
experiments because they regard them as exciting and useful activities that promote collaboration and
learning retention. Our participants also stated that they found the science experiments more
interesting and fun after the CLM. Cil and Calisoglu (2020) argue that students love applied science
courses better than theoretical ones. Our participants also stated that they started to like science
experiments after the CLM.

This study will contribute to the literature given that science experiments do not necessarily

have to be conducted in a lab, but they can also be conducted in a classroom.

This study looked into the effect of a CLM on preservice classroom teachers’ attitudes
towards science experiments. The first result was that the CLM was better at improving preservice
classroom teachers’ attitudes towards science experiments than the current curriculum. Therefore,
CLMs should be integrated into both lab and classroom activities. Future studies should focus on the
impact of different CLMs on preservice classroom teachers’ academic performance, perception,
vision, cognitive, and social skills. Future studies should also investigate the effects of CLMs on
primary school students’ attitudes towards science experiments. Encouraging preservice classroom
teachers to conduct undergraduate experimental activities with primary school students can make
them more successful in professional life. Classroom teachers should be provided with in-service
training on conducting science experiments in labs and when there is no lab to conduct experiments
in. The primary school curriculum should offer more experiments that can be done with simple

equipment.

Limitations

This study is limited to the answers given to the scale and interview questions of pre-service
classroom teachers and pre-service classroom teachers studying in the 3rd grade of a public university
in the 2017-2018 academic year.
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