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In this research, the effects of using Model-Based and Argumentation-Supported
Model-Based Inquiry methods on 6th-grade middle school students’ knowledge,
scientific process skills, and motivation regarding the subject of sound and its
properties were examined according to the current curriculum. A total of 77
students attending a state school participated in the study that employed a mixed
research design. In the semi-experimental study, two experimental groups and one
control group were used. Lessons were taught according to the model-based
inquiry method supported by argumentation in the first experimental group,
according to the model-based inquiry method in the second experimental group,
and according to the current curriculum in the control group. In the research,
achievement tests, scientific process skills tests, and motivation scales were
administered as pre-tests and post-tests for data collection. The obtained data were
analyzed using One-Way Analysis of Covariance (ANCOVA). According to the
obtained results, it has been determined that the Model-Based and Argumentation-
Supported Model-Based Inquiry methods significantly differ from the current
curriculum in terms of student achievement and motivation. Furthermore, it has
been observed that the Argumentation-Supported Model-Based Inquiry method is
more effective than the Model-Based Inquiry method in enhancing students'

development of scientific process skills.

Introduction

Throughout history, the changing world has brought about many transformations and continues to do so. These

transformations occurring in society bring along different needs. When individuals are expected to respond to the

needs of society as a member of the society they live in, significant changes are also expected in the field of

education, which is the process of helping individuals acquire desired behaviors. The field of natural sciences

holds great importance in the social and economic development of countries (Unal, Costu & Karatas, 2004).

According to Oshorne (2007), science cannot be described separately from technology (in curricula and teaching).

Countries aspiring to progress in science and technology, produce technology, and compete in the global market

must prioritize science education to be at the forefront in this competitive environment (Cepni & Cil, 2009).

Therefore, when examining national and international program development efforts in the field of natural sciences,
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it becomes evident that countries continuously engage in program evaluation and updating activities in line with
their needs and policies (Deboer, 1996).

Creating effective discussions among students, assigning them the task of evaluating their peers' viewpoints,
assisting students in generating ideas and practices for problem-solving, and promoting the civil discourse types
required by democracy are of critical importance (Amirbekova, Kussaiyn, & Narbaev, 2022; Ozturk, 2023; Ozturk
& Susuz, 2023; Owens, Sadler & Zeidler, 2017). Through science education, individuals can acquire new ideas
and research skills that contribute to their self-regulation, personal satisfaction, and social responsibility. Science
education should motivate individuals to think and take action. Additionally, it should create awareness about
richly interconnected knowledge, intellectual skills that allow individuals to work with what is known, and texts
in which this knowledge and skills are applied (Deboer, 1996). Activities that enhance individuals' knowledge

and reasoning skills should be conducted in science education (Osborne, 2007).

The Model-Based Inquiry (MBI) method can be applied as the most suitable and appropriate teaching method that
aligns with current curriculum and the principles outlined above. In the MBI method, students engage in research,
inquire, use argumentation methods, and update their models, all while communicating collaboratively with their
peers. MBI is a newly developed educational design that enables students to interact with scientific practices and
concepts such as modeling, explanation, and reasoning while attempting to explain natural phenomena that
support the unit being covered. MBI is designed in accordance with the Next Generation Science Standards
(NGSS, 2013) to engage students in comprehensive learning experiences. NGSS argues that models should not
be used solely as tools for students to explain concepts; instead, students should actively participate in the process
of designing and constructing their own models, which they use either to explain a concept or, more importantly,
to make predictions (NGSS, 2013).

Stewart et al. (2005) defines the Scientific Model as a set of ideas that describe a natural process. As a type of
scientific explanation, models serve as a bridge between theories and the real world (Lehrer & Schauble, 2010).
Models serve the purpose of being tools for thinking, making predictions, and making sense of experiences.
Classroom modeling application refers to a student or group of students creating models as representations of

events or systems and using these models to explain or predict events (NRC, 2012).

There are various ways to classify models. When looking at the classifications, models can be categorized as
internal mental models or external conceptual models (expressed models) in the most general sense (Gobert &
Buckley, 2000). McBroom (2011) states that the world we live in, the world we learn (conceptual models), and
the world we perceive (mental models) are in constant interaction with each other. According to Vosniadou
(1994), mental models are students’ individual interpretations about concepts. A mental model is the abstraction
of a specific system or phenomenon, and therefore, it is not a one-to-one representation of physical reality
(Halloun, 2007). According to Khan (2007), mental modeling is not a one-to-one representation of the external
world. On the other hand, conceptual models are the external, coherent representations of mental models (Greca
& Moreira, 2000). Gobert & Buckley (2000) refer to these as expressed models. Since mental models cannot be

directly assessed, it is necessary to build expressed models for the evaluation and communication of mental
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models. An expressed model is the external presentation of the mental model created by the owner of the mental
model through drawings, verbal explanations, or other model construction forms (Gilbert and Ireton, 2003).
According to Greca & Moreira (2000), conceptual models (expressed models) are typically external presentations
created by researchers, teachers, and engineers to facilitate the understanding or teaching of systems and situations

in the world.

Modeling can be a powerful exercise for students to present their thoughts (Windschitl, Thompson & Braaten,
2008a) and can be a productive tool for explaining and predicting events (Schwarz et al., 2009). However, it is
often a misunderstood subject; modeling is more than just creating a scaled model or drawing a diagram. Planned
learning environments should make use of modeling practices (Schwarz et al., 2009). Modeling is a central
practice in the generation and evaluation of scientific knowledge (Nersessian, 2008). It has been thought that
through modeling, students' work could be parallel to the work done by scientists (Passmore et al., 2009;
Windschitl, Thompson & Braaten, 2008b). As a learning approach, MBI stems from the view that science focuses
on developing explanatory models and that students should build understanding through a process similar to how
scientists make sense of the natural world (Clement, 2000). MBI is an iterative and cyclical methodological
approach in science education that involves the development, use, evaluation, and revision of models to explain

patterns in collected data or real-world phenomena (Passmore et al., 2009).

When compared to some inquiry-based teaching approaches, the Model-Based Inquiry (MBI) method offers
several key similarities and differences. Previous inquiry-based approaches, unlike the MBI method, tend to
emphasize experimental research more by reducing scientific practice to a single procedure. In addition, there are
learning methods where students are engaged in an experiment or activity related to a scientific problem or
question, allowing them to explore what they know or do not know about the question. Along with MBI, these
approaches share similar goals related to student-centered learning. MBI not only provides a structured,
productive, student-centered classroom environment but also offers opportunities for rich collaboration (Baze &
Gray, 2018). They emphasize the active construction of knowledge by students and all start with students' prior
knowledge. The key difference between the MBI method and others lies in its engagement in activities commonly
used in science, such as modeling and discussion. The model-based approach allows for the separation of
argumentation units based on evaluated models; therefore, models can serve as sufficient reference points that
enable the structural and content-related description of arguments (Boettcher & Meisert, 2011). Researchers
assume that involving students in discussions in model-based learning encourages them to engage in thinking,
acting, and speaking like scientists (Praisri & Faikhamta, 2020).

Although there have been several studies drawing attention to the relationship between model-based inquiry and
argumentation (Mendonca & Justi, 2013; Passmore & Svoboda, 2012; Boettcher & Meisert, 2011), it has been
observed that there are limited studies in the literature that address both model-based inquiry and argumentation
processes together (Evogorou et al., 2020; Kara, 2019; Giilbas, 2019). Osborne et al. (2004) emphasized that
argumentation is both an individual and social activity, stating that it can be seen as an individual activity through
thinking and writing, and as a social activity because it is discussed within a specific community. A scientific

argument refers to dialogic conversations in which participants put forth claims based on evidence, and these

709



Gecgil & Akcay

claims are either accepted or refuted within the group. The best argument is formed through the presentation of
multiple perspectives and structured discussions that lead to a consensus in the classroom (Erduran, Simon &
Osborne, 2004). Toulmin has examined argumentation in terms of its constituent elements, and an argument
consists of six elements. The first three elements (data, claim, and warrant) form the foundation of an argument,
while the other three (backing, rebuttals, and qualifiers) are auxiliary components. While the first three elements
are necessary for constructing an argument, the other elements contribute to the validity of the argument (Erduran
etal., 2004).

The abstract nature of the natural sciences has increased the use of models in science class-rooms (Cokelez, 2015;
Giines, Giilgicek & Bagci, 2004). The results obtained from the studies suggest the implementation of modeling
in different grade levels and subject areas (Coban et al., 2016). Various studies have been conducted on the topic
of sound in science classes (Kucukdzer, 2009). However, no research has been found on the application of the
MBI method in the context of the topic of sound. The majority of model-based research in science education
focuses on studies that examine mental models, conceptual learning, and their effects on the nature of science
(Vosniadou et al., 2004; Bilgin & Geban, 2001; Bat1 & Kaptan, 2017; Giilbas, 2019; Praisri & Faikhamta, 2020).
Limited studies have been found that investigate students' scientific process skills and motivation towards the

course (Sarikaya et al., 2004).

This research aims to investigate the effects of the Model-Based Inquiry (MBI) and Argumentation-Supported
Model-Based Inquiry methods on 6th-grade middle school students' achievement, scientific process skills, and
motivation regarding the subject of sound and its properties in accordance with the existing curriculum. To achieve

this aim, the following research questions were addressed:

1. How does the use of the Model-Based Inquiry (MBI) and Argumentation Supported Model-Based
Inquiry methods regarding the subject of sound and its properties affect the science achievements of 6th-
grade middle school students according to the existing curriculum?

2. How does the use of the Model-Based Inquiry (MBI) and Argumentation Supported Model-Based
Inquiry methods regarding the subject of sound and its properties affect the scientific process skills of
6th-grade middle school students according to the existing curriculum?

3. How does the use of the Model-Based Inquiry (MBI) and Argumentation Supported Model-Based
Inquiry methods regarding the subject of sound and its properties affect the motivation of 6th-grade

middle school students according to the existing curriculum?

Method

This research used a quantitative research paradigm based on a quasi-experimental design with a pre-test post-test
control group (Karasar, 2009). The study covers the teaching process of the "Sound and its Properties" unit for
6th-grade middle school students. In the first experimental group, the Argumentation Supported Model-Based
Inquiry (MBI) method was used. In the second experimental group, only the MBI method was used, and in the

control group, traditional methods in line with the curriculum were used for teaching.
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Sample

In the study, study groups were determined through accessible sampling. In this context, three classes from a state
school in Bursa, Turkey, were selected, with two of them being experimental groups and one being a control
group. A total of 77 students from three different 6th-grade classes participated in the study. The gender

distribution of the students who participated in the study is shown in Table 1.

Table 1. Mean and Adjusted Mean Scores for the Achievement Test

Group Female Male Total
Control 12 14 26
Experimental-1 14 11 25
Experimental-2 12 14 26

During the study process, the lessons in the experimental group were conducted by the researcher, while the

lessons in the control group were conducted by another teacher.

Data Collection Tools and Analyses
Achievement Test (AT)

In order to determine and compare students' achievement in the "Sound and its Properties" unit, the researcher
developed an achievement test. When preparing the questions, a review of the literature was conducted, and
previous studies related to the topic of sound were examined. When creating the question pool, a table of
specifications was prepared, and questions were selected to correspond to each learning outcome. The suitability
of the questions was checked by an expert and a science teacher. A pilot study was conducted to remove questions
with low reliability and discriminative power. There are a total of 25 questions in the achievement test. One point
is awarded for each correct answer, and zero points are given for incorrect or blank answers. The maximum score
that can be obtained from the scale is 25. The SPSS software package was used to conduct reliability analysis for
the development of the achievement scale. The Cronbach's alpha value of the test was found to be 0.90.
Additionally, the Kuder-Richardson 20 value, another measure of internal consistency suitable for the structure
of the test, was found to be 0.92.

The Scientific Process Skills Test (SPST)

The scale, which is considered to be suitable for assessing students' scientific process skills development, was
initially developed by Kenneth G. Tobin and William Capie in 1981.The test, which was adapted into Turkish,
has been used by many researchers (Basdas, 2007 and Tiirker, 2011). The scale consists of 46 questions with 4
options each. Another adaptation of the scale for middle school 6th-grade level was developed by Turker (2011).
As a result of Tirker's modifications, the scale was reduced to 25 items, and item analysis and reliability analysis
were conducted for the scale. The KR-20 coefficient for the scale was found to be 0.71. In the evaluation of the

scale used in the research, one point was given for each correct answer, and incorrect and empty answers were
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not taken into consideration. The highest score that can be obtained from the scale is 25. The Cronbach Alpha
reliability coefficient for the scale was found to be 0.78.

The Motivation Scale for Science Lessons (MSSL)

To examine the changes in students' motivation towards science lessons, the "Motivation Scale for Science
Lessons," developed by Dede and Yaman (2008), was used. The scale consists of 23 items. Multiple applications
were conducted in the preparation of the scale, and the final application was carried out with 421 middle school
students. In order to ensure the validity and reliability of the scale, literature reviews were conducted, expert
opinions were sought, and factor analysis as well as Cronbach's alpha coefficient calculations were performed.
The scale consists of 23 questions and is based on a Likert-type scale. The scale is rated from 1 to 5, ranging from
negative judgments to positive judgments. The maximum score that can be obtained from the scale is 115. The

Cronbach's alpha coefficient of the scale was found to be 0.80.

The Implementation Process

The study was completed within five weeks during which the "Sound and its Properties" unit was taught. In the
experimental group 1, the Argumentation Supported Model-Based Inquiry (MBI) method was used, while in the
experimental group 2, lessons were conducted using the MBI method. The researcher created teacher guide plans
and worksheets which cover the objectives of the 6th-grade sound unit. In the experimental group 1, the
Argumentation Supported Model-Based Inquiry (MBI) method was implemented. In this method, students first
create their mental models and then conduct thought experiments related to them. Students continue their inquiries
using the written argumentation method after conducting experiments. As a result of their inquiries, they make
adjustments to their mental models. Then, they present their final models to their classmates and provide

evaluations. The cycle diagram of the Argumentation-Supported MBI method is shown in Figure 1.

Creating mental
preliminary models

Performing thought

Presentation and :
experiments

evaluation of models

Argumentation
process

Editing on model

Figure 1. Argumentation-Supported Model-Based Inquiry Method
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In the experimental group 2, taught by using the MBI method, students first create their mental models, then
conduct thought experiments related to them. Following the inquiries conducted in these two stages, they make
adjustments to their mental models and then present the model they have created to their classmates. Finally, they
conduct further inquiries to evaluate their mental models. The cycle diagram of the MBI method is shown in

Figure 2.

Creating mental
preliminary models

Presentation and Performing thought
evaluation of models experiments

Editing on model

Figure 2. Model-Based Inquiry Method

In the control group of the study, the teacher conducted the lesson according to their own curriculum. In the control
group, the unit was covered over a period of 20 lessons, just like in the experimental groups. It was observed that
in this group, in which the researcher participated as an observer, science lessons were progressed mostly by
following the textbook. It was also observed that in most of the lessons, the teacher lectured only by making a
presentation. At the end of the topic, the evaluation questions in the book were solved and student participation
was individual and around specific students. The lessons were ended by assigning homework on some pages in

the book on the subject.

Results

The results of the data analysis conducted in line with the subproblem of the study are given by classifying them
according to the data collection tools.

Findings of the Achievement Test
The means and standard deviations of the pre-test and post-test achievement test scores for the experimental

groups and the control group, where "Sound and its Properties"” unit was taught using experimental methods and

traditional teaching methods, are presented in Table 2.
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Table 2. Pre-Post-Test of the Groups for the Achievement Test

Group N Pre-test SD Post-test  SD
Control 26 9.81 3.06 11.15 4.63
Experimental-1 25 0.88 3.26 15.68 4,94
Experimental-2 26 10.85 3.20 15.58 5.32

According to Table 2, both groups increased their achievement post-test scores. This increase was higher in the
experimental groups. A one-way analysis of covariance (ANCOVA) was conducted to determine whether there
was a significant difference in the post-test scores of the achievement test among the groups. In the analysis, it
was determined that the pre-test scores of the achievement test were covariates for the groups, and accordingly,
the post-test scores were adjusted.

Table 3. Mean and Adjusted Mean Scores for the Achievement Test

Group N Mean Adjusted Mean
Control 26 11.15 11.39
Experimental-1 25 15.68 15.87
Experimental-2 26 15.58 15.16

When examining Table 3, it can be seen that the adjusted mean scores for the achievement test's post-test results
are 15.87 for Experimental Group 1, 15.16 for Experimental Group 2, and 11.39 for the Control Group. Similar
to the mean scores, in the adjusted post-test scores, the experimental groups have higher mean achievement post-
test scores compared to the control group. An ANCOVA test was conducted to determine whether this difference
was significant, and the findings are presented in Table 4.

Table 4. ANCOVA Results of Achievement Test

Source of Variance ~ Sum of Squares  sd Mean Square F p
Pre-test 297.46 1 297.46 14.18 0.00
Group 297.51 2 148.76 7.09 0.02
Error 1531.70 73 20.98

Total 17519. 00 77

According to Table 4, there is a significant difference in the mean scores of the adjusted post-test scores between
the experimental and control groups compared to their pre-test scores. (F(2,73)= 7,09; p < 0,05). According to the
Bonferroni test results, there is a significant difference between the post-test mean scores of the experimental
groups and the post-test mean scores of the control group (see Table 5).

Table 5. Comparison of Achievement Test

Related Groups Difference between Means p
Experimental-1 -4.48 0.00
Control )
Experimental-2 -3.77 0.01
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Related Groups Difference between Means p
. Control 4.48 0.00
Experimental-1 .
Experimental-2 0.71 1.00
] Control 3.77 0.01
Experimental-2 )
Experimental-1 -0.71 1.00

Findings Regarding the Scientific Process Skills Test

Table 6 describes the means and standard deviations of pre-test and post-test scores on the scientific process skills
test for the experimental groups and the control group, where the "Sound and its Proper-ties" unit was taught using
traditional teaching methods. According to Table 6, both groups increased their scientific process skills post-test
scores. This increase is higher in Experimental Group 1. A one-way covariance analysis (ANCOVA) was
conducted to determine whether there was a significant difference in the post-test results of the scientific process
skills test among the groups. In the analysis, it was determined that the pre-test scores of the scientific process
skills test were covariates for the groups, and accordingly, the post-test scores were adjusted.

Table 6. Pre-Post-Test of the Groups for the Scientific Process Skills Test

Group N Pre-test SD Post-test SD
Control 26 9.31 3.32 9.81 4.14
Experimental-1 25 10.36 4.05 14.68 4.20
Experimental-2 26 11.27 4.01 12.46 3.96

In Table 7, the post-test scores of the scientific process skill test were adjusted as 14.68 for experimental group-
1, 12.36 for experimental group-2 and 9.91 for the control group. In the adjusted post-test scores, the scientific
process skill post-test mean score of experimental group-1 is higher than the other groups. ANCOVA test was

performed to determine whether this difference was significant and the findings are shown in Table 8.

Table 7. Mean and Adjusted Mean Scores for the Scientific Process Skills Test

Group N Mean Adjusted Mean
Control 26 9.81 9.91
Experimental-1 25 14.68 14.68
Experimental-2 26 12.46 12.36

Table 8. ANCOVA Results of Scientific Process Skills Test

Source of Variance

Sum of Squares sd Mean Square F p

Pre-test 11.55 1 11.55 0.68 041
Group 285.39 2 142.70 8.45 0.00
Error 1232.39 73 16.88

Total 8740.00 77
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According to Table 8, it is seen that there is a significant difference between the scientific process skill pre-test
scores and corrected post-test mean scores of the experimental and control groups. (F(2,73)= 8,45; p < 0,05).
According to the Bonferroni test results, there is a significant difference in favor of the experimental group-1 post-

test mean score (14.68) (see Table 9).

Table 9. Comparison of Scientific Process Skills Test

Related Groups Difference between Means p
Experimental-1 -4.76 0.00
Control .
Experimental-2 -2.45 0.12
. Control 4.76 0.00
Experimental-1 .
Experimental-2 2.31 0.15
) Control 2.45 0.12
Experimental-2 .
Experimental-1 -2.31 0.15

Findings of the Motivation Scale
Table 10 describes the means and standard deviations of pre-test and post-test scores on the motivation scale for
the experimental groups and the control group, where the "Sound and its Properties" unit was taught using

traditional teaching methods.

Table 10. Pre-Post-Test of the Groups for the Motivation Scale

Group N Pre-test SD Post-test SD

Control 26 89.85 8.80 92.12 9.54
Experimental-1 25 88.96 8.77 98.64 6.93
Experimental-2 26 89.92 12.36 98.38 10.48

According to Table 10, both groups increased their post-test scores on the motivation scale. This increase was
higher in the experimental groups. A one-way covariance analysis (ANCOVA) was conducted to determine
whether there was a significant difference in the post-test results of the motivation scale among the groups. In the
analysis, it was determined that the pre-test scores of the motivation scale were covariates for the groups, and

accordingly, the post-test scores were adjusted.

Table 11. Mean and Adjusted Mean Scores for the Motivation Scale

Group N Mean Adjusted Mean
Control 26 92.12 92.16
Experimental-1 25 98.64 98.54
Experimental-2 26 98.38 98.44

In Table 11, the post-test mean scores for the motivation scale were adjusted as 98.54 for Experimental Group 1,

98.44 for Experimental Group 2, and 92.16 for the Control Group. Similar to the mean scores, in the adjusted
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post-test scores, the experimental groups have higher motivation scale scores compared to the control group. An
ANCOVA test was conducted to determine whether this difference is statistically significant, and the findings are

displayed in Table 12.

Table 12. ANCOVA Results of Scientific Motivation Scale

Source of Variance ~ Sum of Squares sd Mean Square F p
Pre-test 192.06 1 192.06 2.34 0.13
Group 690.17 2 345.08 421 001
Error 5984.50 73 81.98

Total 721707.00 77

According to Table 12, there is a significant difference between the motivation scale pre-test scores and adjusted
post-test score means of the experimental groups and the control group (F(2,73)=4,21; p < 0,05). According to
the Bonferroni test results, the post-test scores of the experimental groups have a significant difference compared

to the control group (see Table 13).

Table 13. Comparison of Scientific Motivation Scale

Related Groups Difference between Means p
Experimental-1 -6.38 0.04
Control )
Experimental-2 -6.28 0.04
. Control 6.38 0.04
Experimental-1 .
Experimental-2 0.10 1.00
. Control 6.28 0.04
Experimental-2 .
Experimental-1 0.10 1.00

Discussion and Conclusion

In this research, lessons were taught using the Model-Based Inquiry (MBI) method and the Argumentation-
Supported MBI method with the purpose of improving students' achievements, scientific process skills, and
motivation towards the course. By constructing their own models, students can learn abstract information that
helps them understand scientific concepts more deeply (Gilbert & Ireton, 2003). Teachers can use models to
explain abstract and complex scientific concepts and enable students to develop scientifically accepted mental
models of these concepts (Gobert & Buckley, 2000).

According to the results of the study, it has been revealed that the MBI and Argumentation-Supported MBI
methods have significantly increased student achievements compared to the traditional method. There are many
studies in the literature that suggest that model-based teaching methods are effective in improving student
achievement and concept learning (Arslan Buyruk, 2022; Aktas, 2017; Arslan, 2013; Dauer et al., 2013; Duncan,
Freinderich, Chinn & Baushel, 2012; Maia & Justi, 2009; Meng-Fei & Jang-Long, 2015; Trundle, Atwood &
Christopher, 2007, Unal, 2005). According to Hernandez et al. (2015), students' learning can be enhanced through
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MBI approaches. The model-based inquiry approach is an important instructional method as it contributes to
students' development of their mental models by having them uncover their prior knowledge, engage in inquiry

tasks, and then discuss and compare their findings with a scientific perspective.

The difference between the first experimental group, where the Model-Based Inquiry (MBI) method enriched
with argumentation was applied, and the second experimental group, where only the MBI method was applied,
lies in the fact that in the first experimental group, after students created their models, they engaged in a written
argumentation process and then shared it with the class after evaluating their models. The aim was to provide
students with the opportunity to enhance their scientific thinking through scientific writing. It is understood that
facilitating more in-depth thinking in this manner is effective in improving students' success. There are many
studies in the literature which sug-gest that argumentation enhances achievement (Driver, Newton & Osborne,
2000; Akkus et al., 2007; Aktas & Dogan, 2018; Cetin et al., 2013; Gengtiirk & Tiirkmen, 2007; Kara, 2019;
Giinel, Kingir & Geban, 2012; Aktas, 2017; Ogreten & Ulugmar Sagir, 2014; Deveci, 2009; Yesiloglu, 2007;
Biiber, 2015; Chen, 2013; Hand et al., 2004). Osborne, Erduran & Simon (2004) are of the opinion that it would
be beneficial to use the argumentation method in education. Even discussing very easy topics is important in that
it allows students to get involved in the processes that scientists go through. In addition, it is thought that students'

discussions with each other, thinking for discussion and creating ideas have an effect on their mental development.

The research has found that the Argumentation-Supported MBI method significantly increased students' scores
on scientific process skills compared to the methods used in Experimental Group 2 and the control group. By its
nature, the MBI (Model-Based Inquiry) method utilizes the steps of the scientific process. A learning environment
that involves the use of scientific process skills requires active student participation. During the instruction
process, students construct their mental models by experimenting with their own thoughts and reaching
conclusions (Clement, 2000). Even though there are numerous studies on scientific process skills, there is a limited
number of research studies that examine the impact of lessons conducted using the model-based inquiry method
on students' scientific process skills (Coban, 2009; Demirgali, 2022; Loo, 2017). In his study, Arslan (2013)
conducted lessons using research-inquiry and model-based research-inquiry methods. As a result, there was no
difference in scientific process skills between the two groups. The researcher, who also used qualitative data
collection tools in the study, concluded that teacher candidates improved their scientific process skills based on
the results obtained from reports and audio recordings. In another study, it was found that modeling positively
improved students' scientific process skills, including sub-dimensions such as classification, data interpretation,
inference, and model creation (Turker, 2011). While lessons taught using the MBI method improved students'
scientific process skills, it has been revealed that the version enriched with argumentation is more effective in
enhancing students' scientific process skills. Writing activities help create environments in which students can
express themselves more effectively (Akcay et al., 2014). While verbal explanations can sometimes be disjointed,
it is known that written explanations tend to be more relevant to the subject matter (Kara, 2019). There are many
studies in the literature that suggest that teaching lessons using the argumentation method improves students'
scientific process skills (Demirel, 2014; Ceylan, 2010; Sekerci, 2013; Aslan, 2010; Cin, 2013 and Giiltepe, 2011).

Another result of the research is that students in the classes where lessons were taught using the MBI methods
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had significantly higher motivation scale scores compared to the control group's student motivation scores. It is
believed that motivation for science classes and the effectiveness of the applied method mutually influence each
other and contribute to increasing students’ achievement (Alkan & Bayri, 2017). It is believed that the
implementation of student-centered methods is one of the important factors that increases students' motivation for
science classes. In this study, it can be concluded that the method applied is effective as the students in
experimental groups have higher motivation and more successful than the ones in control group. It can be said
that students' use of models simplifies complex information and makes the students more active. It can be said
that the Argumentation-Supported Model-Based Inquiry method is effective in enhancing students' achievement,
scientific process skills, and motivation for science classes, not only because of the advantages brought by

modeling but also due to students conducting more detailed inquiries.

Recommendations

This study was set out with the idea that the model-based inquiry method would be more productive for students
by enriching it with argumentation activities. The results of this research may be strengthened with similar studies.
The methods applied were carried out with students in the 6th grade of secondary school. Future research can be
applied to different grade levels and subjects. Besides these, very few studies have been found examining the
effect of the model-based inquiry method on students' affective development. This deficiency in the literature can
be eliminated by conducting studies examining its effect on students' motivation and attitude towards the course.
And since these methods will take a little more time than traditional methods, proper planning should be made

and pilot applications should be made before implementation.

References

Akgay, H., Ozyurt, B. B., & Akgay, B. B. (2014). Coklu yazma etkinliklerinin fen ve teknoloji dersi 6gretiminde
kullanilmasinin 6grenci basarist ve kavram 6grenmeye etkisi, Bayburt Egitim Fakiiltesi Dergisi, 9(2),
15-31.

Akkus, R., Giinel, M., & Hand, B. (2007). Comparing an inquiry based approach known as the sci-ence writing
heuristic to traditional science teaching practices: Are there differences? International Journal of Science
Education, 29(14), 1745-1765.

Aktas, T. (2017). The effect of teaching argument-based questioning on the academic achievement and
argumentation levels of 7th grade students in the force and energy unit. Master's thesis, Marmara
University, Istanbul.

Aktas, T., & Dogan, O. K. (2018). Argiimana dayali sorgulama dgretiminin 7. sinif dgrencilerinin akademik
basarilarina ve argiimantasyon seviyelerine etkisi, Mersin Universitesi Egitim Fakiiltesi Dergisi, 14(2),
778-798.

Alkan, 1., & Bayri, N. (2017). Fen Ogrenmeye Y6nelik Motivasyon ile Fen Basarisi Arasindaki iliski Uzerine Bir
Meta Analiz Calismasi. Dicle Universitesi Ziya Gokalp Egitim Fakiiltesi Dergisi, (32), 865-874.

Amirbekova, D., Kussaiyn, M., & Narbaev, T. (2022). Scientific Production and Science Policy in Kazakhstan:
A Survey. In O. Noroozi & I. Sahin (Eds.), Studies on Education, Science, and Technology 2022 (pp.

719



Gecgil & Akcay

223-240). ISTES Organization.

Arslan Buyruk, A. (2022). Comparison of argumentation and modeling and argumentation-based teaching in
terms of conceptual change and argument quality. Marmara University, Institute of Educational
Sciences, Doctoral Thesis.

Arslan, A. (2013). The effect of modeling-based science teaching on primary school students’ compre-hension,
retention, creativity levels and mental models. Doctoral Thesis, Akdeniz University.

Aslan, S. (2010). The effect of scientific discussion-oriented teaching approach on the development of upper
scientific process and critical thinking skills of 10th grade secondary school students. Doctoral Thesis.
Gazi University, Ankara.

Bagdas, E. (2007). The effect of science activities with simple materials on scientific process skills, aca-demic
success and motivation in primary school science education. Master's Thesis, Celal Bayar University
Institute of Science and Technology, Manisa.

Bati, K & Kaptan, F. (2017). The effect of model-based inquiry approach on students' views on the nature of
science, Hacettepe University Faculty of Education Journal. DOI:10.16986/HUJE.2016016713.

Baze, C. L., & Gray, R. (2018). Modeling Tiktaalik: Using a model-based inquiry approach to engage community
college students in the practices of science during an evolution unit. Journal of College Science Teaching,
47(4), 12-20.

Bilgin, 1., & Geban, O. (2001). Elimination of second-year high school students' misconceptions about chemical
balance by using the analogy method. Hacettepe University Faculty of Education Journal, 20, 26-32.

Boettcher, F., & Meisert, A. (2011). Argumentation in science education: A model-based frame-work. Science &
education, 20, 103-140.

Biiber, A. (2015). The effect of argumentation-based learning activities in the 7th Grade "Force and Motion" unit
on students' conceptual understanding and creating a thinking-friendly classroom environment. Master's
Thesis, Dokuz Eylil University, 1zmir.

Ceylan, C. (2010). The use of argumentation-based science learning (ATBO) approach in science la-boratory
activities. Unpublished master's thesis, Gazi University, Ankara.

Chen, Y. C. (2013). Writing an argument to a real audience: Alternative ways to motivate students in writing
about science. Teaching Science, 59(4), 8-12.

Cin, M. (2013). The effects of concept cartoon activities based on the argumentation method on stu-dents'
conceptual understanding levels and scientific process skills. Master's Thesis, Dokuz Eylil University,
Izmir.

Clement, J. (2000). Model based learning as a key research area for science education. International Journal of
science education, 22(9), 1041-1053.

Cepni, S. & Cil, E. (2009). Science and Technology Programme. Primary Education 1st and 2nd Lev-el Teacher
Handbook. Pegem Akademi: Ankara.

Cetin, P. S., Kutluca, A. Y., & Ebru, K. (2013). Ogrencilerin argiimantasyon kalitelerinin incelenmesi. Fen
Bilimleri Ogretimi Dergisi, 2(1), 56-66.

Coban, G. U. (2009). The effect of modeling-based science teaching on students' target understanding, scientific
process skills, knowledge and entity understanding: 7th grade light unit example. Doctoral Thesis, DEU

Institute of Educational Sciences, Izmir.

720



International Journal of Education in Mathematics, Science, and Technology (IJEMST)

Coban, G. U., Kocagiil Saglam, M. & Solmaz, G. (2016). Modellemeye Dayali Ogretimin Bilisiistii Farkindalik,
Tutum ve Kavramsal Anlamaya Etkisi. Bati Anadolu Egitim Bilimleri Dergisi (BAED), 7(13), 61-104.

Cokelez, A. (2015). Model and modeling teachers, teacher candidates and students in science educa-tion:
Literature review. International Periodical for the Languages. Literature and History of Turkish or
Turkic, 10(15), 255-272.

Dauer, J. T., Momsen, J. L., Speth, E. B., Makohon-Moore, S. C., & Long, T. M. (2013). Analyzing change in
students' gene-to-evolution models in college-level introductory biology. Journal of Research in Science
Teaching, 50(6), 639-659.

DeBoer, G. (1996). A history of ideas in science education. Teachers college press.

Dede, Y., & Yaman, S. (2008). A questionnaire for motivation toward science learning: A validity and reliability
study. Necatibey Faculty of Education Electronic Journal of Science and Mathematics Education, 2(1),
19-37.

Demirgaly, S., & Selvi, M. (2022). Effects of model-based science education on students’ academic achievement
and scientific process skills. Journal of Turkish Science Education, 19(2).

Demirel, O. E. (2014). Examining the effects of problem-based learning and argumentation-based learning on
students' chemistry course success, scientific process skills and scientific reasoning abilities. Master's
Thesis, Mustafa Kemal University, Hatay.

Deveci, A. (2009). To improve the socioscientific argumentation, knowledge levels and cognitive thinking skills
of seventh grade primary school students about the structure of matter. Doctoral Thesis, Marmara
University, Istanbul.

Driver, R., Newton, P., & Oshorne, J. (2000). Establishing the norms of scientific argumentation in classrooms.
Science education, 84(3), 287-312.

Duncan, R. G., Freidenreich, H. B., Chinn, C. A., & Bausch, A. (2011). Promoting middle school students’
understandings of molecular genetics. Research in Science Education, 41(2), 147-167.

Erduran, S., Simon, S., & Oshorne, J. (2004). TAPping into argumentation: Developments in the application of
Toulmin's argument pattern for studying science discourse. Science education, 88(6), 915-933.
Evagorou, M., Nicolaou, C., & Lymbouridou, C. (2020). Modelling and argumentation with elementary school

students. Canadian Journal of Science, Mathematics and Technology Education, 20, 58-73.

Gengtiirk, H. A., & Tiirkmen, L. (2007). ilkdgretim 4. simf fen bilgisi dersinde sorgulama yontemi ve etkinligi
lizerine bir calisma. Gazi Universitesi Gazi Egitim Fakiiltesi Dergisi, 27(1), 277-292.

Gilbert, S. W., & Ireton, S. W. (2003). Understanding models in earth & space science. NSTA press.

Gobert, J. D., & Buckley, B. C. (2000). Introduction to model-based teaching and learning in science education.
International Journal of Science Education, 22(9), 891-894.

Greca, I. M., & Moreira, M. A. (2000). Mental models, conceptual models, and model-ling. International journal
of science education, 22(1), 1-11.

Giilbas, E. (2019). The effect of modeling variable modulation on students' NOS scales. Doctoral The-sis,
Hacettepe University, Ankara.

Giiltepe, N. (2011). The effect of scientific discussion-oriented teaching on the development of high school
students' scientific process and critical thinking skills. Unpublished Doctoral Thesis. Gazi University,

Institute of Educational Sciences, Ankara.

721



Gecgil & Akcay

Giinel, M., Kingir, S., & Geban, O. (2012). Argiimantasyon tabanl bilim 6grenme (ATBO) yak-lasiminin
kullanildigi simiflarda argiimantasyon ve soru yapilarinin incelenmesi, Egitim ve Bilim, 37(164).

Giines, B., Giilgigek, C., & Bagci, N. (2004). Examining the opinions of science and mathematics in-structors in
education faculties about models and modeling. Journal of Turkish Science Education, 1(1), 35-48.

Halloun, I. A. (2007). Modeling theory in science education. Springer Science and Business Media.

Hand, B., Wallace, C. W., & Yang, E. (2004). Using a science writing heuristic to enhance learning outcomes
from laboratory activities in seventh-grade science: quantitative and qualitative aspect. International
Journal of Science Education, 26(2), 131-149.

Hernandez, M. 1., Couso, D., & Pint6, R. (2015). Analyzing Students’ Learning Progressions Throughout a
Teaching Sequence on Acoustic Properties of Materials with a Model-Based Inquiry Approach. Journal
of Science Education and Technology, 24(2/3), 356-377.

Kara, S. (2019). Application of model-supported argumentation-based science learning approach in primary
school science class. Doctoral Thesis, Hacettepe University, Ankara.

Karasar, N. (2009). Scientific research method: Concepts-principles-techniques. Ankara: Nobel Pub-lishing
Distribution.

Khan, S. (2007). Model-based inquiries in chemistry. Science Education, 91(6), 877-905.

Kiiciikozer, A. (2009). Fen bilgisi 6gretmen adaylarinin ses konusundaki kavram yanilgilarinin incelenmesi,
Tlkégretim Online, 8(2), 313-321.

Lehrer, R., & Schauble, L. (2010). What kind of explanation is a model? Instructional explanations in the
disciplines, 9-22. DOI 10.1007/978-1-4419-0594-9 2, 9-22.

Loo, B. J. V. (2017). The effect of model-based inquiry teaching on student engagement, and the NGSS science
practices in high school biology. M.Sc. thesis, Montana State University.

Maia, P. F., & Justi, R. (2009). Learning of chemical equilibrium through modelling-based teaching. International
Journal of Science Education, 31(5), 603-630.

McBroom, R. A. (2011). Pre-service science teachers’ mental models regarding dissolution and precipitation
reactions. North Carolina State University, Doctoral Thesis.

Mendoncga, P. C. C., & Justi, R. (2013). The relationships between modelling and argumentation from the
perspective of the model of modelling diagram. International journal of science education, 35(14), 2407-
2434,

Meng-Fei, C & Jang-Long, L (2015). Investigating the Relationship between Students’ Views of Scientific
Models and Their Development of Models. International Journal of Science Education, 37(15), 2453-
2475. DOI: 10.1080/09500693.2015.1082671

National Research Council (NRC). (2012). A Framework for K-12 science education: Practices, cross-cutting
concepts, and core ideas. Washington, DC: The National Academies Press.

Nersessian, N. (2008). Model-based reasoning in scientific practice. Teaching scientific inquiry, 57-79.

NGSS Lead States. (2013). Next Generation Science Standards: For states, by states. Washington, DC: The
National Academies Press.

Osborne, J., Erduran, S. & Simon, S. (2004). Ideas, Evidence & Argument in Science CPD Training Pack. King’s
College: London.

Osborne, J. (2007). Science education for the twenty first century. Eurasia Journal of Mathematics, Science and

722



International Journal of Education in Mathematics, Science, and Technology (IJEMST)

Technology Education, 3(3), 173-184.

Owens, D. C., Sadler, T. D., & Zeidler, D. L. (2017). Controversial issues in the science classroom. Phi Delta
Kappan, 99(4), 45-49.

Ozturk, O.T. (2023). Examination of 21st Century Skills and Technological Competences of Students of Fine Arts
Faculty. International Journal of Education in Mathematics, Science, and Technology (IJEMST), 11(1),
115-132. https://doi.org/10.46328/ijemst.2931

Ozturk, M.S. & Susuz, M. (2023). The Investigation of Creativity Levels of Fine Arts Faculty Students.
International Journal on Social and Education Sciences (I1JonSES), 5(4), 929-944.
https://doi.org/10.46328/ijonses.596

Ogreten, B., & Sagir, S. U. (2014). Examining the effectiveness of argumentation-based science teaching. Journal
of Turkish Science Education, 11(1), 75-100.

Passmore, C. M., & Svoboda, J. (2012). Exploring opportunities for argumentation in modelling classrooms.
International Journal of Science Education, 34(10), 1535-1554.

Passmore, C., Stewart, J., & Cartier, J. (2009). Model-based inquiry and school science: Creating connections.
School Science and Mathematics, 109(7), 394-402.

Praisri, A., & Faikhamta, C. (2020). Enhancing Students' Mental Models of Chemical Equilibrium Through
Argumentation within Model-based Learning. International Journal of Learning, Teaching and
Educational Research, 19(7), 121-142.

Sarikaya, R., Selvi, M., & Dogan Bora, N. (2004). Mitoz ve mayoz bdliinme konularinin 6gretiminde model
kullaniminin 6nemi. Kastamonu Egitim Dergisi, 12(1), 85-88.

Schwarz, C. V., Reiser, B. J., Davis, E. A, Kenyon, L., Acher, A., Fortus, D. & Krajcik, J. (2009). Developing a
learning progression for scientific modeling: Making scientific modeling accessible and meaningful for
learners. Journal of Research in Science Teaching, 46(6), 632-654.

Stewart, J., Passmore, C., Cartier, J., Rudolph, J., & Donovan, S. (2005). Modeling for understanding in science
education. In Understanding mathematics and science matters (pp. 159-184). Routledge.

Sekerci, A. R. & Canpolat, N. (2013). Kimya laboratuvarinda argiimantasyonun Tiirk 6grencilerin kavramsal
anlamalarina etkisi. Egitim Siireci: Uluslararasi: Dergi, 3(1), 2.

Trundle, K. C., Atwood, R. K., & Christopher, J. E. (2007). A longitudinal study of conceptual change: Preservice
elementary teachers' conceptions of moon phases. Journal of Research in Science Teaching: The Official
Journal of the National Association for Research in Science Teaching, 44(2), 303-326.

Turker, E. (2011). The Effect of Applying the Scientific Process Skills Approach Using a Model on Students'
Achievement, Development of Scientific Process Skills and Motivation. Unpublished Master's Thesis,
Karadeniz Technical University Institute of Educational Sciences, Trabzon.

Unal, G. (2005). In-depth Learning in Science Teaching: Modeling on "Pressure". Unpublished Master's Thesis,
Dokuz Eylul University Institute of Educational Sciences, Izmir.

Unal, S., Costu, B. & Karatas, F. O. (2004). Tiirkiye’de fen bilimleri egitimi alanindaki program gelistirme
caligmalarina genel bir bakis. Gazi Egitim Fakiiltesi Dergisi, 24(2), 183-202.

Vosniadau, S., Skopeliti, I., & Ikospentaki, K. (2004). Modes of knowing and ways of reasoning in elementary
astronomy. Cognitive Development, 19(2), 203-222.

Vosniodau, S. (1994). Capturing and modeling the process of conceptual change. Learning and instruction, 4(1),

723



Gecgil & Akcay

45-69.
Windschitl, M., Thompson, J., & Braaten, M. (2008a). Beyond the scientific method: Model-based inquiry as a
new paradigm of preference for school science investigations. Science education, 92(5), 941-967.
Windschitl, M., Thompson, J., & Braaten, M. (2008b). How novice science teachers appropriate epis-temic
discourses around model-based inquiry for use in classrooms. Cognition and Instruction, 26(3), 310-378
Yesiloglu, S. N. (2007). Teaching the subject of gases to high school students with a method focused on scientific
discussion (argumentation). Master's thesis. Gazi University Institute of Educational Sciences, Ankara.

Author Information

Tugba Geggil Hakan Akcay
https://orcid.org/0009-0008-4966-6053 https://orcid.org/0000-0003-0307-661X

Ph.D. Student Bogazigi University

Yildiz Technical University Faculty of Education

Institute of Natural Sciences Turkiye

Turkiye

Contact e-mail: tugba_gndgd@hotmail.com

724


https://orcid.org/0009-0008-4966-6053
mailto:tugba_gndgd@hotmail.com



