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Abstract: The aim of this study was to determine the effect of model-based cooperative (Reading 
Writing Application) and individual learning methods on conceptual understandings of pre-service 
science teachers and to eliminate their misconceptions related to gases. For this reason, a pre-
test/post-test non-equivalent comparison group design was applied across two experimental 
groups. The sample consisted of 42 pre-service science teachers; one of the research groups was a 
Reading Writing Application- Model Group (n=22) and the other group was an Individual 
Learning- Model Group (n=20). The Gases Concept Test (GCT) was used for pre- and post-test as 
the data collection instrument. For analysing data, descriptive statistics were determined, and the 
Mann-Whitney U test was performed. There was not a significant difference between groups with 
respect to their development of their conceptual understanding of gases. In addition, some pre-
service science teachers from both groups had various misconceptions about the topic after the 
application. 
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1. Introduction  
Many studies have described learning as a process of cognitive construction, which shows a wide 
variation from person to person (Greca & Moreira, 2000). For this reason, learning processes and the 
resulting understanding of concepts vary among individuals. Understanding abstract concepts and 
visualizing them in science can be challenging for learners, which adds further complexity to learning. 
A major difficulty of understanding certain science topics is that students cannot construct a 
meaningful correlation between sub-microscopic (sub-micro) and macro levels. These correlations are 
very important to developing an understanding of abstract concepts (Papageorgiou et al, 2010; Smith 
& Villarreal, 2015). While the macro level includes concrete and observable events, the sub-micro 
level includes invisible, abstract phenomena or situations (Johnstone, 1991). 

Various researchers have emphasized that students have problems in understanding specific topics in 
physics, chemistry and biology content because they are unable to envision events fully in the sub-
micro level (Smith & Villarreal, 2015; Talanquer, 2011). Chemistry, being one of the most abstract 
fields of the sciences, often presents students with such challenges as demonstrated by several studies 
that have been conducted on the conceptual understanding of chemistry by secondary and high school 
students and pre-service science and chemistry teachers (Belge Can & Boz, 2016; Kimberlin & 
Yezierski, 2016; Privat et al., 2016; Talanquer, 2011). Taken together, these studies have identified 
several related conclusions, including that students have learning difficulties related to chemistry 
subjects are (e.g., Griffiths & Preston, 1992), these learning difficulties may be related to 
misconceptions that the learners have in these topics (e.g., Smothers & Goldstone, 2010), and there are 
strategies that can be suggested to eliminate these misconceptions (e.g., Kimberlin & Yezierski, 2016). 
However, despite the guidance offered by prior research and the implementation of different methods 
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and techniques for supporting student learning, some misconceptions still exist (Smith & Villareal, 
2015; Tsai, 1999). 

1.1. Review of Relevant Literature: Gases 

Gases are one of the most abstract subjects in chemistry, and students often have difficulty in 
understanding this topic (Stavy, 1988). Because most gases are colourless and have a structure that 
cannot be observed at macro level, students are not able to imagine the behaviour of the gas molecules 
in a container (Şenocak et al., 2007).  A meaningful understanding of the concept of gases can 
eventually provide a more effective understanding of the additional, inter-related concepts, such as the 
mole, change of state, chemical reactions, and others. Therefore, misconceptions hinder conceptual 
development along several lines. Misconceptions about is given at Table 1 gases. 

Table 1. Misconceptions about Gases 

Misconceptions Author(s)  Participants   
-Cannot understand sub-
microscopic behaviour of gases 

Adadan & Oner, 2014 
 
Aydeniz et al., 2012  
Correia et al., 2018  
Çalık et al., 2007  
Griffiths & Preston, 1992 
Papageorgiou et al., 2010 
Samon & Levy, 2020 

Pre-service chemistry teachers 
(PCT) 
Undergraduate Students (US) 
Secondary school students (SSS) 
High school students (HSS) 
HSS 
Primary teachers (PT) 
SSS 

-Cannot understand distribution of 
gas molecules and kinetic theory 

Adadan & Oner, 2014 
Aydeniz et al., 2012 
Bak Kibar et al., 2013 

PCT 
US 
PCT 

-Cannot understand ideal gas 
concept 

Bak Kibar, et al., 2013 
Kautz et al., 2005  
Yoshikawa & Kaga, 2016 

PCT 
US 
US 

-Cannot understand vapour pressure Kautz et al., 2005  
Yoshikawa & Koga, 2016 

US 
US 

-Cannot understand gas laws Abdullah & Shariff, 2008 
Karslı et al., 2019 

US 
Pre-service science teachers (PST) 

-Cannot understand particulate 
nature of gases  

Aydeniz et al., 2012  
Benson et al., 1993 
Griffiths & Preston, 1992 
Mamombe et al., 2020 
Papageorgiou et al., 2010 

US 
US 
HSS 
Primary school students (PSS) 
PT 

-Think that inert gases form a 
reaction 

Authors, 2016 PST 

-Cannot perceive the behaviours of 
dissolved gases in the liquids 

Çalık et al., 2007 HSS 
 

-Cannot understand evaporation 
occurs at every temperature 

Yoshikawa & Koga, 2016 US 

-Cannot understand the liquid-
vapour balance 

Yoshikawa & Koga, 2016 US 

-Gases have no mass Adadan & Oner, 2014 
Aydeniz et al., 2012 
Çetin et al., 2009 

PCT  
US 
HSS 

-Spaces between particles and 
speed of particles decrease when a 
gas is condensed 

Aydeniz et al., 2012 US 

-The attraction force between gas 
particles increases with an increase 
in the temperature 

Aydeniz et al., 2012 US 

-Heavy gases occupy more space 
than the lighter ones 

Aydeniz et al., 2012 US 

-The gases are not distributed 
homogeneously 

Aydeniz et al., 2012 
Authors, 2016 

US 
PST 
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Several methods such as argumentation, simulations have been attempted to eliminate 
misunderstandings related to gases (Abdullah & Shariff, 2008; Correia et al., 2018; Papuççu & 
Erduran, 2016; Yoshikawa & Kaga, 2016). Some studies on this subject have been successful and 
some have not. This inconsistency is potentially problematic for the future of chemistry education. The 
present study builds on this knowledge base, but also takes the perspective that an effective approach 
to addressing student misconceptions would be to determine the misconceptions of pre-service 
teachers (PSTs) while they are in the process of teacher education and to correct them with appropriate 
teaching methods. This is because it is the misconceptions they have during their in-service teaching 
can affect the conceptual development of secondary school students. This study, therefore, aims to 
enhance the conceptual understanding and eliminate the misconceptions of PSTs related to gases by 
using different methods, focusing specifically at concepts that call for understanding at the sub-micro 
level.  The specific approach being tested in this study is a comparison of cooperative and individual 
learning models, which are discussed in detail below. 

1.2. Theoretical Framework: Cooperative Learning, Individual Learning and Models 

Cooperative learning is a model in which learners are actively involved in processes that give them 
responsibility for learning within heterogeneous groups (Belge Can & Boz, 2016; Johnson & Johnson, 
2014; Jones & Jones, 2008; Slavin, 1996). As there is no competition among the group members, 
cooperative learning differs from traditional group work (Belge Can & Boz, 2016). Instead of being 
competitors, students encourage and help each other (Authors, 2018). Cooperative learning also 
increases the face-to-face interaction, as well as interpersonal and small group skills (Slavin, 1996). 
Research has shown that cooperative learning has a positive effect on students' academic achievement 
(Author, 2007), conceptual understanding (Belge Can & Boz, 2016; Eymur & Geban, 2017; Warfa et 
al., 2014), and social/communication skills (Wang et al., 2017; Woods-McConney et al., 2016).  

Cooperative learning has a wide range of learning methods and techniques that basically differ in the 
implementation process (Author, 2013) such as the Student Teams Achievement Division (STAD) 
method (Slavin, 1978), co-learning, group research, and the jigsaw classroom (Aronson & Patnoe, 
1997) as well as less-known methods such as the Reading Writing Application (RWA) method 
(Authors, 2018). In this study, the RWA method of cooperative learning was used. The RWA method 
is adapted to all school levels, with the combined cooperative literacy and composition technique used 
in the lower levels of education (Authors, 2018). In this method, the students read about the given 
topic in a way that provides a positive commitment to the cooperative groups, then they put aside the 
reading material and summarize the topic as a group report and apply what they understand from the 
topic in various ways, such as an experiment, a role play, or presentation (Authors, 2018). Research 
has demonstrated that the RWA method increased conceptual understandings and academic 
achievement (Authors, 2018). The reason for choosing this method is that PSTs are given the 
opportunity to read, write, and practice during the learning process. In this way, it is intended that the 
PSTs understand the topic by reading, repeat it by writing and make it permanent by doing something 
with the knowledge.  

In distinction from cooperative learning, individual learning (IL) is a learning approach that varies 
from person to person and allows each student to work in a way that suits their own learning style 
(Ifinedo, 2018). Different methods and techniques, therefore, are used in instruction because of 
individual differences. For example, while visual materials are used for some students, others may be 
provided with auditory or tactile materials. For some students, activities aiming at reading and writing 
are carried out, while for others, activities such as experiments and observations are used to be provide 
different sensory stimuli. The goal of IL is to reach every student using their individual learning 
strengths so that each of them can learn effectively. The point to be considered in IL is to take into 
account the individual needs of the students (Ginsburg, Jamalian & Creighan 2013).  

Looking at the studies on IL, many recent studies, include studies in the use of electronic formats, such 
as on e-learning (Bahiraey, 2010; Ifinedo, 2018; Wang, 2018; Zhang et al., 2018) and games 
(Kjällander & Frankenberg, 2018). The effectiveness of IL versus cooperative learning has been 
compared in some studies, especially in the electronic learning domain (Bahiraey, 2010; Morice et al., 
2015; Wang, 2018; Zhang et al., 2018). For example, Bahiraey (2010) examined the quality of 
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cooperative and IL in a virtual learning environment and he determined factors that enhance or hinder 
the quality of students’ learning. According to that study, the quality of IL was superior to that of 
cooperative learning. However, the number of studies using IL in science education is limited. In these 
studies, the effectiveness of team-based, peer-assisted learning (Morice et al., 2015) is compared to IL. 
In science education, research on IL has generally been conducted through studies of computer-
assisted learning (Morice et al., 2015), which aim to develop various skills in the computer 
environment. Studying each student with respect to his/her own style and speed allows first-hand and 
permanent learning. Because the learning styles of people differ, some people might be better able to 
learn in her/his own learning style and speed. In the present study, cooperative learning and IL were 
compared in combination with the use of models to support the visualization of abstract concepts.  

Models are defined as "a simplified representation of complex phenomenon or process" (Harrison, 
2001, p. 401) that are used in the learning process to increase the conceptual understanding of the 
students (Develaki, 2017; Kimberlin & Yezierski, 2016). Models are categorised as pedagogical-
analogical models, scale models, iconic and symbolic models, mathematical models, theoretical 
models, maps, diagrams and tables, simulations, mental models, concept-process models, and 
synthetic models (Harrison & Treagust, 2000). Of those, pedagogical-analogical models, concept-
process models and simulations are the types most often used in the teaching chemistry. Pedagogical-
analogical models are often used to describe entities or events in microscopic dimensions, such as 
atoms and molecules, and to facilitate their visualization in students' minds. Here, the aim is to 
generate a better understanding of the situation or event that modelled. Illustrating molecules with 
ball-and-stick structures in a molecular model, and comparing DNA to a helical rope are two examples 
of pedagogical-analogical models. Different types of models, present different challenges to students. 
For example, concept-process models, are the most complex and abstract models. Therefore, it is quite 
difficult for students to understand them. Examples of concept-process models include models of acids 
and bases, the photoelectric effect, redox reactions, and chemical equilibrium. In this study, 
pedagogical-analogical models were used.  

It has long been recognized that student misconceptions can present obstacles in acquiring scientific 
knowledge (e.g., Correia et al., 2018). It has been proposed that science instruction be approached as a 
process of conceptual change. Posner, Strike, Hewson and Gertzog (1982) state that conceptual change 
can be brought about by providing students information in multiple modes such as verbal, 
mathematical, pictorial, and concrete-practical, thus helping the students translate from one mode of 
representation to another. This highlights the value of the use of models can be effective in the process 
of conceptual change. The use of pedagogical- analogical models, concept-process models, theoretical 
models and simulations in teaching helps students developing conceptual understanding, such as by 
assisting students to learn about concepts they cannot observe, touch, taste, or smell, providing 
students with internalizations that support correct understanding of the concepts (Demir et al., 2017; 
Oliva et al., 2015). In particular, the use of model has been found to be effective in helping students 
understand the concepts of chemistry (Cheng & Gilbert, 2017; Johnstone, 1991; Kimberlin & 
Yezierski, 2016; Smith & Villareal, 2015). Studies also suggests that model-based reasoning can be 
enhance conceptual learning about some of the more difficult areas of chemistry (Cheng & Gilbert, 
2017; Develaki, 2017). For example, Cheng & Gilbert (2017) investigated model-based reasoning on 
sub-micro representations of chemical reactions. They analysed how students mentally visualised the 
reaction between magnesium and hydrochloric acid. After the students were taught the reactions of 
acids and redox, they could form more sophisticated models. 

Models are not a learning technique per se, so they must be used in conjunction with a learning 
method or technique. Models can be more effective when integrated with a compatible teaching 
method that supports a better understanding of abstract situations (Smith & Villareal, 2015). However, 
there are not enough studies in literature related to model-based learning to provide strong guidance 
about effective methods for using models, especially with respect to using student-centred approaches 
(Becker et al., 2013; Karaçöp, 2016; Wade-Jaimes et al., 2018; Shim & Kim, 2018; Warfa et al., 
2014). In recent years, some studies on model-based implementation of cooperative learning have 
been carried out to investigate the effect of those methods on student learning (Shim & Kim, 2018; 
Wang et al., 2017; Warfa et al., 2014). For example, Abdullah and Shariff (2008) stated that inquiry-
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based computer simulation with cooperative learning has a positive effect on scientific thinking and 
conceptual understanding of gas laws. Similarly, Warfa et al. (2014) investigated the impact of 
physical 3-dimensional magnetic molecular modelling by employing a cooperative inquiry-based 
activity. The researchers found that cooperative learning and models increased the conceptual 
understanding of students about the subject and ensured correct explanations with respect to the 
particle size. As stated above, some studies related to visualization-supported IL determined that IL is 
more effective than group working (Bahiraey, 2010; Morice et al., 2015), suggesting that IL was 
superior to cooperative learning (Bahiraey, 2010). However, there are not enough studies related to 
model-based IL to support a conclusion regarding the effect IL versus cooperative learning in model-
based instruction. Therefore, the present study examine instruction intended to develop conceptual 
understanding of gases, comparing model-based IL and model-based cooperative learning activities. 

1.3. Aim and Research Questions 

The aim of this study is to determine the effects of model-based cooperative and IL methods on 
conceptual understandings of PSTs and to address the PSTs misconceptions related to gases. 
According to this aim, the research questions are:  

1. Are there any differences in the learning achieved using the model-based cooperative learning 
methods versus the model-based IL methods on the PSTs’ conceptual understanding on gases?  

2.  Are misconceptions of the PSTs reduced about gases after the application of either model-based 
cooperative learning or model-based IL? 

2. Method   

2. 1. Research Design   

Use of a quasi-experimental research design is convenient to analyse the effects of learning materials 
or learning methods in different learning settings (McMillan & Schumacher, 2010). A pre-test/post-
test non-equivalent comparison group design was used in this study. Accordingly, participants for two 
experimental groups were selected with convenience sampling method. Because researchers are 
working in this university. One group was assigned as model-based RWA group (RWA-M; n=22; 18 
females, 4 males) and the other was assigned as model-based IL group (IL-M; n=20; 14 females, 6 
males). The participants were randomly selected into research groups 

2. 2. Participants 

The sample consisted of 42 (32 females and 10 males) PSTs from two groups enrolled in the General 
Chemistry course in Ataturk University from Erzurum, Turkey. Participants were first-year PSTs. In 
the previous semester the PSTs had taken General Chemistry I and General Chemistry Laboratory I 
courses. Also, they were enrolled in General Chemistry II and General Chemistry Laboratory II 
courses during the study was conducted. All the PSTs had taken Chemistry courses for four years at 
high school (i.e. grades 9-12) before being enrolled into the science teacher education program. The 
PSTs were admitted to these groups after the pre-test of Gases Concept Test (GCT) results. 
Participants did not have any problems in adapting to the process since they had previously carried out 
different activities on cooperative learning, individual learning, and models in General Chemistry 
Laboratory II course. 

2. 3. Data Collecting Tool 

While multiple-choice tests are often used to determine how the methods applied in research change 
academic achievement, various measurement tools such as two-tier diagnostic tests, open-ended 
questions, semi-structured interviews, and drawings are used in defining conceptual understandings 
(Schmidt, 1997). The common features of these tools are that they are designed to reveal 
misconceptions or misunderstandings that exist in individuals. To verify the effects of learning 
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methods on the conceptual understanding of the PSTs on gases, each group of the PSTs was given the 
GCT at the beginning and at the end of the study.   

2.3.1. Gases Concept Test (GCT). The GCT consisted of six drawing questions, which measured the 
PSTs’ understandings of gases at particulate level. Common conceptual misconceptions by PSTs 
about the subtopics of gases, as documented by previous literature, were considered in the selection 
and preparation of the questions. The GCT questions included subjects: (a) the understanding of gas 
reactions in a particle size (gases), (b) the understanding of the volume-pressure relationship of gases 
(gas laws), (c) inert gases, the mixing of gases with liquids in a particulate form (kinetic theory), and 
(d) the effect of temperature on gas distribution (diffusion). The PSTs were expected to make the most 
appropriate drawings for the questions in the GCT. Two chemistry experts were consulted to check the 
content validity of the GCT and certain questions were clarified or reconstructed. In addition, authors 
established consensus about the difficulty level of each question, and the language used in the 
questions. Each question in the test were 10 points and the maximum score to be obtained from the 
GCT was 60. The pilot study was done with PSTs before the implementation. KR-20 analyses were 
used to determine the reliability of the GCT and the reliability coefficient was found as .68. 

2. 4. Procedure 

Firstly, the GCT was applied as pre-test in both experimental groups for a period (50 minutes). Then, 
each group studied the gases topic according to their own learning method. Both experimental groups 
studied on “gases”, “gas laws”, “inert gases”, “kinetic theory”, and “diffusion” in their learning 
method (RWA and IL by integrating models). Implementations for both groups continued for two 
weeks as of two hours per week. After the implementation, the GCT was applied as post- test in both 
groups for a period. Totally, this study continued as four weeks. Researchers carried out the 
applications in both groups. The role of researchers is to assist PSTs in the process. The process of the 
study is given in Table 2.  

Table 2. The Process of the Study 

* 1 period = 50 minutes 

2.4.1. Implementation of the RWA Method with Models. Working groups of cooperative learning 
can be 2-6 members according to the classroom size. Cooperative groups are formed as 
heterogeneously with respect to the scores of the GCT. Since there were 22 PSTs in the RWA-M 
group, the individuals were divided into five sub-groups heterogeneously. Three groups had four 
members and two groups had five members. The main features of the RWA are presented in three 
phases for each group as; 1) reading, 2) writing, and 3) application. In the first phase of 
implementation, all the groups read the gases topic for 50 minutes from the course books or other 
resources in the classroom. In the second phase, books and resources were taken from groups and 
group members wrote their understanding about what they read as a report for 50 minutes. The reports 
were then evaluated by the researchers and groups with unsatisfactory content related to the topic were 
sent back to repeat the first phase. In the application phase, the PSTs made modelling activities with 
molecular models and "play dough" for 50 + 50 minutes in their groups. In this part, modelling 
activities related to the particulate structure of gases, inert gases and liquid-vapour balance were 
designed by the PSTs via group study. During this phase, the PSTs were asked to consider the atomic 
masses in the representative models they created. This was ensured by modelling large atomic mass 
substances with large beads and modelling each atom with a different colour. After constructing the 
models, the GCT was applied as post-test to the RWA-M group for a period. 

Applications/ Groups  RWA-M IL-M 
GCT (pre) 1 period* (1 week) 1 period (1 week) 
Implementation process 2 + 2 periods (2 weeks) 2 + 2 periods (2 weeks) 
GCT (post) 1 period (1 week) 1 period (1 week) 
Total  6 periods (4 weeks) 6 periods (4 weeks) 
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2.4.2. Implementation of the Individual Learning with Models. In IL-M group, the PSTs worked 
individually. In application, firstly the PSTs were transferred to their worktables. Then, the PSTs were 
informed about the particle model of the matter, and the worksheets about gases were distributed by 
the researchers. Necessary explanations were given to the PSTs by the researchers after studied the 
worksheets (totally 50 + 50 minutes). Then, molecular models and play dough were assigned to each 
individual. During researchers visited the working tables of the PSTs and provided assistance if 
required. The PSTs created modelling activities as individually by molecular models and play doughs 
for 50 + 50 minutes. In this part, modelling activities related to the particulate structure of gases, inert 
gases and liquid-vapour balance were designed by the PSTs individually. During this phase, the PSTs 
were asked to consider the atomic masses in the representative models they created. This was ensured 
by modelling large atomic mass substances with large beads and modelling each atom with a different 
colour. After constructing models, the GCT was applied as post-test to the IL-M group for a period. 
Some models prepared by the PSTs are presented in Figure 1. 

 
Figure 1. Some models prepared by the PSTs 

2. 4. Data Analyses 

Firstly, the data obtained from the GCT were classified as "correct drawing", "incorrect drawing" and 
"blank". The points that all the PSTs have received from the GCT were determined as 10 points for 
correct drawings, 5 points for incorrect drawings and 0 points for blank answers. The situations 
considered in the "correct", "incorrect" and "blank" categories are summarized in Table 3.  

Table 3. Analysing Categories of the GCT 

 

Two researchers scored the GCT according to the answer key. Then, consistency between the 
researchers was examined and the consistency was found in the scoring. To answer the first research 
question, descriptive statistics and Mann-Whitney U test were used to determine whether there was a 
statistically significant difference between the research groups on pre- and post-test scores. For the 
second research question, correct and incorrect drawings of the PSTs were analysed descriptively. 

3. Findings  

3. 1. Findings from Quantitative Data   

As the sample size was lower than 30, Shapiro Wilk test of normality was performed to determine 
whether the distribution of the data was normal. The results (for RWA-M (ppre=.00, p<.05; ppost=.02, 

Categories  Explanation  Point  
Correct 
drawing 

Particulate structure is shown in full and correctly with all aspects; does not 
contain any misconceptions 

10 

Incorrect 
drawing 

Particulate structure is not shown completely and correctly with all aspects; it 
contains misconceptions 

5  

Blank No answer is given to the question 0 
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p<.05) and for IL-M (ppre=.00, p<.05; ppost=.03, p<.05) showed that the data did not have a normal 
distribution. Therefore, Mann-Whitney U test was used to compare the average mean scores of the 
groups. Table 4 presents descriptive statistics and Mann- Whitney U test results of the data obtained 
from the implementation of the GCT as pre- and post-test. 

Table 4. Mann-Whitney U Test related to the Pre- and Post-GCT Scores 

 

Table 4 shows that there is not a statistically significant difference between the groups on pre- and 
post-test scores (Upre=178, p>.05; Upost=186, p>.05).  

Data obtained from the GCT were evaluated separately on a question-based basis. Mann-Whitney U 
test was performed to determine whether there was a significant difference between the groups in each 
question. Table 5 shows a question-based analysis of the data obtained from the administration of the 
GCT as a pre-test. 

Table 5. Question-Based Analysis of the Pre-GCT Scores 

Questions Groups n Mean Rank Sum of Ranks U p 
Q1 RWA-M 22 23.45 516 177 .21 

IL-M 20 19.35 387 

Q2 RWA-M 22 22.18 488 205 .63 
IL-M 20 20.75 415 

Q3 RWA-M 22 21.55 474 219 .98 
IL-M 20 21.45 429 

Q4 RWA-M 22 24.05 529 164 .08 
IL-M 20 18.70 374 

Q5 RWA-M 22 21.64 476 217 .93 
IL-M 20 21.35 427 

Q6 RWA-M 22 21.05 463 210 .77 
IL-M 20 22.00 440 

 

While the mean scores of RWA-M tended to be higher than the mean scores of IL-M in the first five 
questions, the superiority of this method could not be substantiated statistically. But, there was not a 
significant difference between groups in all questions (p>.05).  

Question-based analysis of the data obtained from the application of the GCT as a post-test was given 
in Table 6. 

Table 6. Question-Based Analysis of the Post-GCT Scores 

Questions Groups n Mean Rank Sum of Ranks U p 
Q1 RWA-M 22 24.73 544 149 .03 

IL-M 20 17.95 359 

Q2 RWA-M 22 23.45 516 177 .23 
IL-M 20 19.35 387 

Q3 RWA-M 22 22.59 497 196 .32 
IL-M 20 20.30 406 

Q4 RWA-M 22 24.41 537 156 .06 
IL-M 20 18.30 366 

Q5 RWA-M 22 19.50 429 176 .19 
IL-M 20 23.70 474 

Q6 RWA-M 22 19.73 434 181 .11 
IL-M 20 23.45 469 

GCT Groups n Mean Rank Sum of Ranks U p 
Pre RWA-M 22 23.41 515 178 .28 

IL-M 20 19.40 388 
Post RWA-M 22 23.05 507 186 .38 

IL-M 20 19.80 396 
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According to Table 6, there was a significant difference between groups only in the first question in 
favour of RWA-M (p <.05). 

3. 2. Findings from Qualitative Data   

First question of the GCT required the PSTs to demonstrate the NH3 formation reaction of the H2 and 
N2 gases in a particulate nature form. In the second question, the PSTs were asked to draw the particle 
size of the last state (HCl gas) of H2 and Cl2 gases which were present in different piston cups and then 
entered the reaction at the third cup. The frequency and percentage values of the answers of the PSTs 
to the first and the second question are given in Table 7. 

Table 7. Frequency Distribution and Percentages of the Answers to Q1 and Q2 

 Drawings RWA-M IL-M 
Pre-test Post-test Pre-test Post-test 
f % f % f % f % 

Q1 Correct drawing  14 63.6 19 86.4 13 65 15 75 
Incorrect drawing 8 36.4 3 13.6 7 35 5 25 

Q2 Correct drawing  3 13.6 9 40.9 1 5 5 25 
Incorrect drawing 18 81.8 13 59.1 18 90 15 75 
Blank  1 4.5 0 0 1 5 0 0 

 

Table 7 shows that the conceptual understanding related to the first question in both groups increased 
in the post-test. In this question, the most important misconceptions in the PSTs’ drawings were as 
follows: (a) not knowing exactly the equation between the given gases, (b) being unable to realize that 
the given gases were reacting, and (c) being unable to demonstrate the particulate nature of the product 
obtained from the reaction. According to Table 7, the rate of correct response to the second question 
was lower than the incorrect drawings both in pre- and post-tests. Also, RWA-M scores were higher 
than IL-M scores. In this question, the most important misconceptions obtained from the PSTs’ 
drawings were as follows: (a) being unable to realize that the given gases are reacting, (b) incorrect 
formation of molecular geometry of HCl and (c) the idea that gases are a heterogeneous mixture.  

Sample drawings from the answers given by the PSTs to the first and the second questions are given in 
Figure 2. 

According to Figure 2, the PST in row 1 did not pay attention to the law of conservation of matter in 
the first question. This PST had drawn eight NH3 molecules in the products while there were six H2 
and two N2 molecules in the reactants. However, the PST who made the drawing in row 2 had thought 
that the matters would form a mixture after the reaction, and the PST in row 3 had drawn 
heterogeneous molecules. The PST in row 4 had formed products without considering the particulate 
amounts. According to the drawings made for the second question; the PST in row 1 had formed a 
wrong reaction between H2 and Cl2. The second drawing of the PST in row 2 showed heterogeneous 
gases of H2 and Cl2 as the final product. The PSTs in row 3 and 4 formed an incorrect molecular 
geometry. Besides, the PST in row 3 incorrectly showed the volume of the product. 
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Figure 2. Some PSTs’ drawings related to “incorrect” category in Q1 and Q2 of the GCT 

 

In the third question, the PSTs were asked to show the two gases (N2 and Ar) which are not reacting 
and mixed in a different container in a particle nature form. The PSTs were asked to show the liquid-
vapour balance of the water in particulate nature form at different temperatures in the fourth question. 
The frequency and percentage values of the PSTs’ drawings to the third and the fourth question are 
given in Table 8. 

Table 8. Frequency Distribution and Percentages of the Answers to the Q3 and Q4 

 Drawings RWA-M IL-M 
Pre-test Post-test Pre-test Post-test 
f % f % f % f % 

Q3 Correct drawing  7 31.8 18 81.8 10 50 14 70 
Incorrect drawing 15 68.2 4 18.2 9 45 6 30 
Blank  0 0 0 0 1 5 0 0 

Q4 Correct drawing  6 27.3 6 27.3 3 15 3 15 
Incorrect drawing 16 72.7 16 72.7 17 85 17 85 

 

Table 8 shows that the conceptual understandings of the PSTs have increased in the post test and the 
PSTs in RWA-M were more successful in this question. The most common misconception was “inert 
gases react with each other and they form a heterogeneous mixture”. According to Table 8, the rate of 
correct response of the fourth question was low in both groups in the pre- and post-tests and also, the 
rate of correct response did not change in post-test. Drawings showed that the PSTs did not know that 
the evaporation increases in parallel to the increase in temperature and vaporization occurs at every 
temperature. The PSTs’ sample drawings about the third and the fourth questions are given in Figure 
3. 

According to the Figure 3, the PSTs think that gases were heterogeneous mixtures as seen in the first 
and the third-row drawings. The PST in the second-row decreased the particulate number. The PST in 
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fourth row did not understand that Ar and N2 are inert gases. Results of the fourth question showed 
that the PSTs did not understand the number of the vapour particles, which is balanced with vapour at 
25oC, increase when the water is heated to 70oC. They also think that the vapour in the upper level of 
the container would also freeze since the water is in ice form at -40oC. These findings revealed that the 
PSTs did not understand the evaporation which takes place at every temperature. 

 
Figure 3. Some PSTs’ drawings related to “incorrect” category of Q3 and Q4 of the GCT 

 

In the fifth question, the PSTs were asked to draw the liquid-vapour balance of the ethyl alcohol 
solution in particulate nature form at different temperatures. In the sixth question, the PSTs were asked 
to show the oxygen gas in the particle structure at different temperatures. The frequency and 
percentage values of the answers of the PSTs to the fifth and the sixth question are given in Table 9. 

Table 9. Frequency Distribution and Percentages of the Answers to the Q5 and Q6 

 Drawings RWA-M IL-M 
Pre-test Post-test Pre-test Post-test 
f % f % f % f % 

Q5 Correct drawing  5 22.7 10 45.5 4 20 11 55 
Incorrect drawing 17 77.3 12 54.5 16 80 9 45 

Q6 Correct drawing  3 13.6 6 27.3 7 35 15 75 
Incorrect drawing 19 86.4 16 72.7 13 65 5 25 

 

The correct answer rate increased in both groups as shown in Table 11. According to the fifth 
question, some of the PSTs had no idea that the gases were homogeneously distributed in the container 
and gases could evaporate at any temperature. (See Figure 4). According to Table 9, the correct 
answer percentage was lower in the pre-test in both groups, whereas the correct answer levels of the 
PSTs in IL-M were higher than the RWA-M in the post-test. In this question, the most important 
misconceptions obtained from the PSTs’ drawings were as follows: "the amount of the substance 
changes at different temperatures" and "the gases are not homogeneously distributed in the container". 
Sample drawings from the answers given by the PSTs in the fifth and the sixth questions are shown in 
Figure 4. 
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First drawing showed that the PST in the first-row thought that the gas in the heated container will 
only be located at the top of the container and that the particulates will accumulate at the liquid surface 
if the container is cooled down. The drawing at the second-row showed that the vapour molecules will 
decrease as the vessel warms and the vapour molecules will only be located at the top of the container. 
The sixth question findings revealed that the PSTs did not understand that the gases were 
homogeneous. The PST at the first-row increased the number of gas molecules when the temperature 
decreased and she decreased the number of gas molecules when the temperature increased without 
considering the conservation of matter. The PST at the row 2 thought that as the temperature increases, 
the gases will accumulate at the upper part of the container and vice versa, the gases will gather at the 
bottom of the container when the temperature decreases. 

 
Figure 4. Some PSTs’ drawings related to “incorrect” category of Q5 and Q6 of the GCT 

4. Conclusion, Discussion and Suggestions 
In this study, the effects of cooperative and individual learning methods supported by models on 
conceptual understanding of the PSTs and misconceptions related to the topic were investigated. There 
was not a statistically significant difference between the groups in pre- and post-test of the GCT. In 
question-based evaluations, a significant difference was found in favour of RWA-M only in the first 
question in the post-test. The model- based cooperative and IL methods had a close relation to the 
conceptual understanding in the subject of gases. However, although the scores of the RWA-M group 
were better in the first four questions, there was no statistically significant difference between the 
groups in the study. On the basis of the question, the correct answers of the PSTs in both experimental 
groups increased partially in the post-test. However, this increase was not at a level that makes a 
significant difference. This situation may be due to the process not being long enough. In fact, PSTs 
had model-based cooperative learning activities in previous courses. However, since the gases subject 
is a very abstract subject, it is thought that PSTs do not fully understand the subject. Also, models 
designed in practice are not sufficient to understand the subject efficiently. Besides, the small number 
of samples may also be effective in this result. Repeating the study with a larger sample may lead to 
the desired learning. In contrast to the results of this study, it was reported in some studies that model-
supported cooperative learning practices are highly effective on conceptual understandings (Abdullah 
& Shariff, 2008; Authors, 2016; Karaçöp, 2016). Cooperative learning requires group working in 
which group members are responsible for each other’s learning, and thus, group cooperation is thought 
to have a positive impact on conceptual learning. Nevertheless, in this study, lack of a significant 
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difference between the research groups suggests that individual learning is also important in 
constructing the concepts. In the IL-M method, all learners are allowed to study on their own because 
each individual constructs knowledge (Bahiraey, 2010; Ifinedo, 2018) with models according to 
his/her own learning style. Therefore, IL-M activities were as effective as cooperative learning in this 
study. Similarly, Bahiraey (2010) investigated the effects of cooperative and IL methods on virtual 
learning and he determined that the IL method was more effective in providing virtual learning.  

There were various misconceptions in the drawings related to the pre- and post-test of the GCT. Some 
PSTs did not understand reactions between the gases in desired level. There have been decreases in 
PSTs' misconceptions after the applications, but it has been observed that some PSTs have 
misconceptions about gases. As a consequence, the conceptual misconceptions identified in this study 
can be stated that the PSTs; (1) think that inert gases form a reaction, (2) do not understand the 
reaction equations which occur between gases, (3) cannot draw the product obtained from the reaction 
in particulate structure, (4) do not understand the molecular geometry, (5) think that gases form 
heterogeneous mixtures with each other, (6) are unable to perceive the behaviour of gases dissolved in 
liquids, (7) think that the volumes of the gases decrease as the temperature decreases, (8) cannot 
comprehend that evaporation increases as the temperature increases with respect to the liquid-vapour 
balance, (9) cannot comprehend that evaporation occurs at every temperature, (10) think that the 
amount of matter changes at different temperatures, (11) think that the gases are not homogeneously 
distributed in the container, and (12) cannot understand pressure-volume work in a piston cap. Similar 
results have been also found in previous research. According to these research, PSTs did not perceive 
the behaviours of dissolved gases in the liquids (Çalık et al., 2007), PSTs think that inert gases form a 
reaction and they do not stimulate in their mind the molecular geometry and reaction equations which 
occur between gases (Authors, 2016), and PSTs think that the amount of gas decreased as the 
temperature decreased. Also, they considered that the gases are not homogeneously distributed 
(Aydeniz et al., 2012); they cannot understand evaporation occurs at every temperature and cannot 
understand the liquid-vapour balance (Yoshikawa & Koga, 2016) and gas mixtures are not correctly 
understood correctly by PSTs (Aydeniz et al., 2012; Cho, Park & Choi, 2000). Similarly, studies 
conducted on the conceptual understanding of gases reported that students, PSTs and teachers had 
various misconceptions about the particulate nature of gases (Aydeniz et al., 2012; Benson et al., 
1993; Griffiths & Preston, 1992; Papageorgiou et al., 2010), behaviour of gases (Çalık et al., 2007; 
Griffiths & Preston, 1992), gas laws (Abdullah & Shariff, 2008), and ideal gases (Privat et al., 2016; 
Yoshikawa & Koga, 2016). 

This study showed that even after applying the treatment which includes CL-M and IL-M, the 
misconceptions did not completely resolve. This may be due to the preliminary misconception of the 
PSTs on gases. Given that the gases are the subject of the curriculum in elementary and high school, 
PSTs cannot easily change the misconceptions originating from their previous learning periods. Many 
studies have shown that pre-learnings can lead to the misconceptions (Hawsen et al., 1998) and these 
difficulties are resistant to change (Smith & Villareal, 2015). Many of the gases are colourless; 
therefore, they are not visible at the macro level and can be misconfigured in the minds of individuals 
who do not fully understand the sub-micro level (Papageorgiou et al., 2010). PSTs’ misconceptions 
are resistant to change because they may be logical, sensible and valuable. Also, pre-existing beliefs 
influence how PSTs learn new scientific concepts and play an essential role in subsequent learning 
(Correira et al., 2018). In this regard, the correlation between sub-micro and macro levels is not fully 
achieved in this study. It has been stated that establishing an association between sub-micro and macro 
levels is highly effective on the complete and accurate understanding of chemical issues (Talanquer, 
2011). 

CL-M and IL-M methods were found to have a similar effect on the understanding of gas subjects. 
Participants did not have any problems in adapting to the process since they had previously carried out 
different activities on cooperative learning, individual learning, and models in General Chemistry 
Laboratory II course. However, the desired result could not be obtained in the study. In this case, the 
lack of implementation time or the lack of positive engagement among PSTs can be negatively affect. 
IL and CL methods can be applied in different contexts to increase the conceptual understandings 
within the framework of the results obtained from this study. IL and CL methods are also 
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recommended in relation to the different chemistry issues to ensure that sub- micro and macro levels 
are significantly correlated and to minimize the misconceptions of PSTs. Since the application process 
was carried out for two weeks, the time given for the contextualization may not be sufficient. 
Therefore, the application of the research in a longer period may lead to a more positive result. In 
addition, since only forty-two PSTs participated in this study, the sample size is small. For this reason, 
the application of these methods with new populations can be suggested for similar research. 

References 
Abdullah, S., & Shariff, A. (2008). The effects of inquiry-based computer simulation with cooperative 
learning on scientific thinking and conceptual understanding of gas laws. Eurasia Journal of 
Mathematics, Science and Technology Education, 4(4), 387-398. 

Aronson, E., & Patnoe, S. (1997). The jigsaw classroom: Building cooperation in the classroom (2nd 
ed.). Addison Wesley Longman. 

Aydeniz, M., Pabuççu, A., Çetin, P. S., & Kaya, E. (2012). Argumentation and students’ conceptual 
understandıng of properties and behaviours of gases. International Journal of Science and 
Mathematics Education, 10(6), 1303-1324. 

Bahiraey, M. H. (2010, December). Quality of collaborative and individual learning in virtual 
learning environments. In E-Learning and E-Teaching (ICELET), 2010 Second International 
Conference on (pp. 33-39). IEEE. 

Bayrakçeken, S., Doymuş, K., & Doğan, A. (2013). İşbirlikli öğrenme modeli ve uygulanması 
[Cooperative learning model and its application]. Ankara: Pegem Akademi Yayıncılık 

Becker, N., Rasmussen, C., Sweeney, G., Wawro, M., Towns, M., & Cole, R. (2013). Reasoning using 
particulate nature of matter: An example of a sociochemical norm in a university-level physical 
chemistry class. Chemistry Education Research and Practice, 14, 81-94. 

Belge Can, H., & Boz, Y. (2016). Structuring cooperative learning for motivation and conceptual 
change in the concepts of mixtures. International Journal of Science and Mathematics Education, 
14(4), 635-657. 

Benson, D. L., Wittrock, M., & Baur, M. E. (1993). Students’ preconceptions of the nature of gases. 
Journal of Research in Science Teaching, 30, 558–597. 

Cheng, M. M. W., & Gilbert, J. K. (2017). Modelling students’ visualisation of chemical reaction. 
International Journal of Science Education, 39(9), 1173-1193. 

Correia, A. P., Koehler, N., Thompson, A., & Phye, G. (2018). The application of PhET simulation to 
teach gas behavior on the submicroscopic level: secondary school students’ perceptions. Research in 
Science & Technological Education, Doi: 10.1080/02635143.2018.1487834. 

Çalık, M., Ayas, A., Coll, R. K., Ünal, S., & Coştu, B. (2007). Investigating the effectiveness of a 
constructivist-based teaching model on student understanding of the dissolution of gases in liquids. 
Journal of Science Education and Technology, 16(3), 257-270. 

Çavdar, O., Okumuş, S., Alyar, M. & Doymuş, K. (2016). Maddenin tanecikli yapısının anlaşılmasına 
farklı yöntemlerin ve modellerin etkisi [Effecting of using different methods and Models on 
understanding the particulate nature of matter]. Erzincan Üniversitesi Eğitim Fakültesi Dergisi, 18(1), 
555-592. 

Demir, K., Wade-Jaimes, K., & Qureshi, A. (2017). Reasoning from models. Using metacognitive 
modeling in the physics classroom. The Science Teacher, 84(6), 37- 42.  

Develaki, M. (2017). Using computer simulations for promoting model-based reasoning. 
Epistemological and educational dimensions. Science & Education, 26, 1001–1027. 

Doymuş, K. (2007). Effects of a cooperative learning strategy on teaching and learning phases of 
matter and one-component phase diagrams. Journal of Chemical Education, 84(11), 1857-1860. 



 The Effects of Model-Based Cooperative And Individual Learning Methods on Pre-Service Science Teachers’… 15 

 
Volume 15 Number 1, 2022 

Eymur, G., & Geban, Ö. (2017). The collaboration of cooperative learning and conceptual change: 
Enhancing the students’ understanding of chemical bonding concepts. International Journal of Science 
and Mathematics Education, 15, 853–871. 

Ginsburg, H. P., Jamalian, A., & Creighan, S. (2013). Cognitive guidelines for the design and 
evaluation of early mathematics software: the example of mathemantics. In Reconceptualizing Early 
Mathematics Learning, 88–120. Dordrecht: Springer. 

Greca, I. M., & Moreira, M. A. (2000). Mental models, conceptual models, and modelling. 
International journal of Science Education, 22(1), 1-11. 

Griffiths, A., & Preston, K. (1992). Grade-12 students’ misconceptions relating to fundamental 
characteristics of atoms and molecules. Journal of Research in Science Teaching, 29(6), 611-628. 

Harrison, A. G. (2001.) How do teachers and textbook writers model scientific ideas for students? 
Research in Science Education, 31, 401-435. 

Harrison, A. G., & Treagust, D. F. (2000). A typology of school science models. International Journal 
of Science Education, 22(9), 1011-1026. 

Hawsen, P. W., Beeth, M. E., & Thorley, N. R. (1998). Teaching for conceptual change. International 
Handbook of Science Education, 199-218. 

Ifinedo, P. (2018). Roles of perceived fit and perceived individual learning support in students’ 
weblogs continuance usage intention. International Journal of Educational Technology in Higher 
Education, 15(1), 2-18. 

Johnson, D. W., & Johnson, R. T. (2014). Using technology to revolutionize cooperative learning: An 
opinion. Frontiers in Psychology, 5, 1-3. 

Johnstone, A. H. (1991). Why is science difficult to learn? Things are seldom what they seem. Journal 
of Computer Assisted Learning, 7, 75-83. 

Jones, K. A., & Jones, J. L. (2008). Making cooperative learning work in the college classroom: an 
application of the “five pillars” of cooperative learning to post-secondary instruction. The Journal of 
Effective Teaching, 8(2), 61–76. 

Karaçöp, A. (2016). Effects of student teams-achievement divisions cooperative learning with models 
on students’ understanding of electrochemical cells. International Education Studies, 9(11), 104- 120. 

Kautz, C. H., Heron, P. R., Loverude, M. E., & McDermott, L. C. (2005). Student understanding of 
the ideal gas law, Part I: A macroscopic perspective. American Journal of Physics, 73(11), 1055-1063. 

Kimberlin, S., & Yezierski, E. (2016). Effectiveness of inquiry-based lessons using particulate level 
models to develop high school students’ understanding of conceptual stoichiometry. Journal of 
Chemical Education, 93, 1002−1009. 

Kind, P., & Osborne, J. (2017). Styles of scientific reasoning – A cultural rationale for science 
education? Science Education, 101(1), 8–31. 

Kjällander, S., & Frankenberg, S. J. (2018). How to design a digital individual learning RCT-study in 
the context of the Swedish preschool: experiences from a pilot-study, International Journal of 
Research & Method in Education, 41(4), 433-446. 

Mamombe, C., Mathabathe, K. C., & Gaigher, E. (2020). The influence of an inquiry-based approach 
on grade four learners' understanding of the particulate nature of matter in the gaseous phase: a case 
study. EURASIA Journal of Mathematics, Science and Technology Education, 16(1), em1812. 
https://doi.org/10.29333/ejmste/110391  

McMillan, J. H., & Schumacher, S. (2010). Research in education: Evidence-based inquiry (7th 
Edition). London: Pearson. 



16 Seda Okumuş, Zehra Özdilek, Kemal Doymuş 

 
Acta Didactica Napocensia, ISSN 2065-1430 

Morice, J., Michinov, N., Delaval, M., Sideridou, A., & Ferrières, V. (2015). Comparing the 
effectiveness of peer instruction to individual learning during a chromatography course. Journal of 
Computer Assisted Learning, 31, 722–733. 

Okumuş, S., & Doymuş, K. (2018). Modellerin okuma- yazma- uygulama yöntemi ve yedi ilke ile 
uygulanmasının maddenin tanecikli yapısı ve yoğunluk konularının kavramsal anlaşılmasına etkisi 
[the effect of using models with seven principles and cooperative learning on students’ conceptual 
understandings]. Abant İzzet Baysal Üniversitesi Eğitim Fakültesi Dergisi, 18(3), 1603-1638. 

Oliva, J. M., Aragón, M. D., & Cuesta, J. (2015). The competence of modelling in learning chemical 
change: A study with secondary school students. International Journal of Science and Mathematics 
Education, 13, 751- 791. 

Papageorgiou, G., Stamovlasis, D., & Johnson, P. M. (2010). Primary teachers’ particle ideas and 
explanations of physical phenomena: Effect of an in-service training course. International Journal of 
Science Education, 32(5), 629-652. 

Pabuççu, A., & Erduran, S. (2016). Investigating students’ engagement in epistemic and narrative 
practices of chemistry in the context of a story on gas behavior. Chemistry Education Research and 
Practice, 17, 523- 531. 

Philipp, S. B., Johnson, D. K., & Yezierski, E. J. (2014). Development of a protocol to evaluate the 
use of representations in secondary chemistry instruction. Chemistry Education: Research and 
Practice, 15, 777- 786. 

Posner, G. J., Strike, K. A., Hewson, P. W., & Gertzog. W. A. (1982). Accommodation of a scientific 
conception: Toward a theory of conceptual change. Science Education, 66(2), 211–227.  

Privat, R., Jaubert, J. N., & Moine, E. (2016). Improving students’ understanding of the connections 
between the concepts of real-gas mixtures, gas ideal-solutions, and perfect-gas mixtures. Journal of 
Chemical Education, 93(12), 2040-2045. 

Samon, S., & Levy, S. T. (2020). Interactions between reasoning about complex systems and 
conceptual understanding in learning chemistry. Journal of Research in Science Teaching, 57, 58–86. 

Schmidt, H. J. (1997). Students’ misconceptions-looking for a pattern. Science Education, 81, 123–
135. 

Shim, S. Y., & Kim, H. B. (2018). Framing negotiation: Dynamics of epistemological and positional 
framing in small groups during scientific modelling. Science Education, 102, 128–152. 

Slavin, R. E. (1978). Using student team learning. The Johns Hopkins Team Learning Project.  

Slavin, R. E. (1996). Research on cooperative learning and achievement: what we know, what we need 
to know. Contemporary Educational Psychology, 21, 43–69. 

Smith, K. C., & Villarreal, S. (2015). Using animations in identifying general chemistry students’ 
misconceptions and evaluating their knowledge transfer relating to particle position in physical 
changes. Chemical Education Research and Practice, 16, 273-282. 

Smothers, S. M., & Goldstone, M. J. (2010). Atoms, elements, molecules, and matter: An 
investigation into the congenitally blind adolescents’ conceptual frameworks on the nature of matter. 
Science Education, 94, 448– 477. 

Stavy, R. (1988). Children’s conception of gas. International Journal of Science Education, 10(5), 
553–560. 

Şenocak, E., Taşkesenligil, Y. & Sözbilir, M. (2007). A study on teaching gases to prospective 
primary science teachers through problem-based learning. Research in Science Education, 37, 279–
290.  

Talanquer, V. (2011). Macro, submicro, and symbolic: The many faces of the chemistry “triplet”. 
International Journal of Science Education, 33(2), 179–195. 



 The Effects of Model-Based Cooperative And Individual Learning Methods on Pre-Service Science Teachers’… 17 

 
Volume 15 Number 1, 2022 

Tsai, C. C. (1999). Laboratory exercises help me memorize the scientific truths: A study of eighth 
graders’ scientific epistemological views and learning laboratory activities. Science Education, 83, 
654-674. 

Wade-Jaimes, K., Demir, K., & Qureshi, A. (2018). Modeling strategies enhanced by metacognitive 
tools in high school physics to support student conceptual trajectories and understanding of electricity. 
Science Education, 102, 711–743. 

Wang, Y. H. (2018). Interactive response system (IRS) for college students: individual versus 
cooperative learning. Interactive Learning Environments, 26(7), 943–957. 

Wang, M., Cheng, B., Chen, J., Mercer, N., & Kirschner, P. A. (2017). The use of web-based 
collaborative concept mapping to support group learning and interaction in an online environment. The 
Internet and Higher Education 34, 28–40. 

Warfa, A. M., Roehring, G. H., Schneider, J. L., & Nyacwaya, J. (2014). Collaborative discourse and 
the modelling of solution chemistry with magnetic 3D physical models– impact and characterization. 
Chemical Education Research and Practice, 15, 835- 848. 

Woods-McConney, A., Wosnitza, M. I, & Sturrock, K. L. (2016). Inquiry and groups: student 
interactions in cooperative inquiry-based science. International Journal of Science Education, 38(5), 
842–860. 

Yoshikawa, M., & Koga, N. (2016). Identifying liquid−gas system misconceptions and addressing 
them using a laboratory exercise on pressure−temperature diagrams of a mixed gas involving 
liquid−vapor equilibrium. Journal of Chemical Education, 93, 79−85. 

Zhang, J. H., Zhang, Y. X., Zou, Q., & Huang, S. (2018). What learning analytics tells us: group 
behavior analysis and individual learning diagnosis based on long-term and large-scale data. 
Educational Technology & Society, 21(2), 245– 258. 

Authors 

Seda Okumuş, Atatürk University, Erzurum (Turkey). E-mail: seda.okumus@atauni.edu.tr 

Zehra Özdilek,  Bursa Uludağ University, Bursa (Turkey), E-mail: zozdilek@uludag.edu.tr  

Kemal Doymuş, Atatürk University, Erzurum (Turkey). E-mail: kdoymus@atauni.edu.tr  

mailto:seda.okumus@atauni.edu.tr
mailto:zozdilek@uludag.edu.tr
mailto:kdoymus@atauni.edu.tr


18 Seda Okumuş, Zehra Özdilek, Kemal Doymuş 

 
Acta Didactica Napocensia, ISSN 2065-1430 

Appendix: The Questions of the GCT   
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