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Scientific models and model-based activities have an important place in learning
scientific topics and concepts. The aim of this research, which was designed based on
the importance of model-based education and conducted in a mixed research design,
is to determine how middle school students' model perceptions and modeling levels
change as a result of two different interventions, lessons conducted with scientific
model training and model-based activities. Within the scope of the research,
quantitative and qualitative data were collected and analyzed from four different

Received: 01.12.2024 classes. The focus of the research is based on revealing how the model perceptions and
modeling levels of students who are trained about the nature of scientific models and
Accepted: 28.01.2025 who engaged in model design activities changed compared to students who did not
receive training and did not engage in activities. The study group includes 80 middle
Published 30.06.2025 school students from four different classrooms. Data were collected using the Students’

Understanding of Models in Science Scale and the Student Models Evaluation Rubric.
Data from three groups (training, modeling, training and modeling) and one control

Research Article group were compared and analyzed. The results showed that in the model-based
teaching process, the education given about the nature of scientific models and the
middle school science lessons conducted through the modeling activity did not lead to
a significant change in the modeling levels and model perception of the classes before
and after the intervention. However, significant differences were observed in the

DOI: 10.17984/adyuebd. 1594563 groups where the modeling activity was carried out in terms of the purpose of the
model and the communication elements of the model. Within the scope of the study,
various suggestions were made based on the literature and the findings of the research
in order to improve students' modeling levels and perception of scientific models.

Introduction

In recent years, significant changes have been observed in society's perspective on science and science
education. The view that science education should not only involve deriving results, teaching, and developing
explanatory and predictive theories and models about the world but also include teaching how to conduct
scientific research has gained prominence in science education. As in the recent curriculum in Turkiye (MEB,
2018; 2024), many recently published international education reform documents emphasize the importance
of using scientific models in lessons to develop science literacy skills (Gilbert & Justi, 2016; Louca & Zacharia,
2012; Ministry of Education of Taiwan, 2018; Next Generation Science Standards [NGSS] Lead States, 2013).
For instance, the Next Generation Science Standards (NGSS, 2013) prepared in the United States include the
development and use of scientific models as one of the eight core practices which are essential for classroom
applications (NRC, 2012). National science education standards documents mandatory for German States
include standards related to models and modeling for the disciplines of physics, chemistry, and biology (Krell
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et al,, 2015). Models and modeling lie at the center of science and scientific studies, and scientific models are
crucial components of science education. The literature contains numerous studies about the significance of
models in science education, on model epistemology (Grosslight et al., 1991; Krell et al,, 2014; Treagust et al,,
2002) and the application of the modeling approach (Chiu & Lin, 2019; Schwarz et al., 2009). However,
striking differences have been reported among the findings of the studies. For example, there are studies
suggesting a relationship between students’ engagement in modeling practices and their perceptions of
models (Schwarz et al, 2009). There are also studies reporting no such relationship between modeling
practices and students’ perceptions of models (Krell et al., 2015; Louca & Zacharia, 2012). Additionally, there
are studies indicating that students with a higher epistemological understanding of scientific models are
capable of deeper cognitive evaluations during modeling activities and processes (Gogolin & Kriger, 2018;
Sins et al.,, 2009).

Modeling should not merely be considered as a tool for learning and understanding scientific topics and
natural phenomena. For students and teachers, modeling includes pedagogical practices that can be used for
communication, explanation, and evaluation. In this way, during model-based education practices, students
can use skills such as problem-solving and reasoning in the process of designing and building models. They
can communicate with each other and develop subject-specific explanations. Research (Aktan et al., 2019;
Arslan & Dogru, 2014; Crawford & Cullin, 2004; GUmus et al., 2008; Justi & Gilbert, 2003; Kara, 2019; Metin &
Leblebicioglu, 2015; Oh & Oh, 2011; Schwarz et al,, 2009; Unal Coban & Ergin, 2011; Van Driel & Verloop,
1999) has demonstrated that models can be utilized to support students’ content knowledge and for
pedagogical purposes. However, the practice of designing, evaluating, and revising models based on
students’ own observations and empirical data, as well as making explanations related to their designed
models, rarely occurs in science classrooms (Gogolin & Kriiger, 2018; Schwarz & White, 2005; Schwarz et al.,
2009). Students’ practice of developing explanations using models and their perception of models as a way
of knowledge generation enable them to develop more comprehensive and complex views as a result of
model-based teaching practices (Schwarz et al., 2009). In science classrooms, teachers frequently use models
to provide scientific explanations for their students and expect them to create models to provide scientific
explanations (Willard & Roseman, 2010). Thus, designing and using models to create scientific explanations
are naturally occurring processes in science classrooms. For this reason, to improve the science classrooms
and increase achievement, it is necessary to characterize students’ skill levels of modeling and the existing
teaching practices surrounding these basic skills. Studies have shown that understanding scientific models
and modeling practices enhances students’ scientific knowledge, positively impacts learning performance
and interest in learning (Cheng & Lin, 2015; Gobert et al., 2011; Schwarz & White, 2005). Students with a
more consistent and detailed understanding of models and modeling get better grades in mathematics and
science lessons (Krell et al., 2012).

On the other hand, Nielsen and Nielsen (2021) underlines the difficulty of integrating models and modeling
into science education. The researchers attribute this difficulty to two primary factors. The first is the difficulty
in evaluating teachers' and students’ knowledge of models and modeling. The second factor is the fact that
scientific models and modeling take an increasingly prominent place in science education programs and the
necessity of a program structure that will support this. In addition, notable issues also occur in schools such
as the use of models in science lessons, teaching and learning with models (Harrison & Treagust, 2000), and
scientific modeling being rarely included in the science curriculum (Van Driel & Verloop, 1999). Harrison and
Treagust (2000) argue that teachers often struggle to predict the impact of models presented in teaching
materials such as textbooks, videos, and computer simulations on students’ minds and what they mean for
them. For example, Nielsen and Nielsen (2021) highlight the need to support teachers to figure out how they
can make modeling competencies functional in Danish curriculum. Research emphasizes the importance of
adopting modeling as a practice in science classrooms, in other words, the necessity for teachers to evaluate,
interpret, and functionalize the modeling processes.

Using scientific models in lessons enhances students’ motivation but occasionally leads to the development
of unexpected alternative conceptions through individual or group interactions (Harrison & Treagust, 1996,
2000). Much of the research conducted with models and modeling in science education focuses on students’
understanding of model and modeling (Bamberger & Davis, 2013; Cheng et al., 2017; Grosslight et al., 1991;
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Treagust et al., 2002). However, studies reveal that students have a limited understanding of the value and
role of models in science and the scientific world (Grosslight et al., 1991; Harrison & Treagust, 1996). For
example, many secondary school students perceive models solely as reproduction of scientific phenomena
(Chen & Lin, 2015; Grosslight et al., 1991). In science lessons, models are often presented to students as static
realities (Van Driel & Verloop, 1999), and students are not encouraged to actively create and revise models.
While teachers acknowledge the importance of the nature of scientific models, studies indicate a tendency to
focus on the content and visual elements of models, often neglecting inherent nature of scientific models
(Aktan, 2016; Nielsen & Nielsen, 2021; Van Driel & Verloop, 1999).

In Turkiye, with the curriculum change in science education in 2005, the subject of modeling was included
more in the curriculum and accelerated with the changes made in the following years (MEB, 2018). However,
the information related to modeling in the Science Curricula remains insufficient (Aktan et al., 2019; Ayvacl &
Bebek, 2017). In the Turkiye Yuzyilli Maarif Modeli (Tirkiye Century Education Model), published in 2024
(MEB, 2024), 13 science field skills that students should acquire were identified, and scientific modeling is
among these field skills. It states that models should be used to explain natural phenomena and concepts
that students cannot directly observe in training process explicitly. It explicitly includes the statement “the
process of modeling integrated with conceptual content should be planned by enriching it with
contemporary teaching approaches and methods, considering scientific inquiry and engineering design
cycles” (MEB, 2024, p. 8). However, high-level modeling activities such as model developing, designing, and
evaluating are not yet included in Turkish curriculum with the aim of enabling students to think through
models. Most of the models featured in Turkish textbooks are limited to physical and mathematical models
(Aktan et al., 2019). The literature argues for designing model-based instructional activities that go beyond
merely using existing models, including the development and use of models by students, developing their
understanding of scientific models or modeling practices (Cheng et al,, 2014; Cheng & Brown, 2015; Gilbert &
Justi, 2016; Louca & Zacharia, 2012).

The present study aims to determine how middle school students’ perceptions of models and their modeling
levels change as a result of the program carried out with two different interventions, scientific model training
and model-based activities. Furthermore, it examines whether there is a relationship between middle school
students’ understanding of scientific models and their modeling levels. The study includes four different
sections, three of which were experimental (training, modeling, training and modeling) groups and one was a
control group. Within the scope of the research, an answer is sought to the question of what is the effect of
model-based teaching developed for the units "Reproduction, Growth and Development in Living Things",
"Cells and Divisions", and "DNA and Genetic Code" on students’ modeling levels and their modeling
perceptions? The sub-research questions are as follows:

1. Is there a statistically significant difference between the development of model perceptions of the
students in the groups taught with model-based education and activities, taught with traditional
education, taught only with model-based education, and taught only with model-based activities?

2. Is there a statistically significant difference between the modeling levels of the students in the
experimental groups in the study, who were taught with model-based education and activities and
who were taught only with model-based activities?

3. Is there a statistically significant relationship between the modeling levels and model perceptions of
the students in the study?

Method

Research Design

This study, designed based on the importance of model-based education and conducted using the
convergent mixed-methods design (Creswell & Plano Clark, 2018), employed both quantitative and
qualitative analysis methods together to examine how model-based teaching influence students’ perceptions
of models and their modeling levels. The convergent mixed-methods design, which involves collecting
quantitative and qualitative data together, can offer more holistic and comprehensive answers to research
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questions by providing a variety of data sources and methods diversity (Creswell & Plano Clark, 2018; Leech
& Onwuegbuzie, 2009). The research focuses on revealing how the perceptions of models and modeling
levels of the students who received training on scientific models and the nature of scientific models, and
participated in model designing activities differ from those of the students who did not undergo such
training or activities. Accordingly, the students were tasked with designing and developing models following
the scientific modeling cycle. To implement model design and modeling activities in the classroom, the GEM
cycle (model generation, evaluation and modification) proposed by Khan (2007), which includes the
generation, evaluation, and modification of models was used. The first step of the GEM cycle, model
generation phase, students were provided an environment where they could discuss and exchange ideas
using their prior knowledge, experiences using diverse resources (e.g., published and digital resources like
textbooks, Internet) regarding a scientific topic or problem. Later, the mental models that emerged in this
process were drawn and explained by the students, and they were individually designed and developed their
preliminary models. In the evaluation phase, students assessed their preliminary models based on various
criteria, such as purpose and representational power (Aktan, 2016) or accuracy and credibility (Schwarz &
White, 2005). This way, minor corrections can be made and alternative designs can be developed. In the final
phase of the cycle, modification phase, models were subjected to revision. The phase that final models were
designed involved some minor corrections and modifications or comprehensive modifications requiring the
redesign of the model. In short, during the model-based instructional activities, students are expected not
only to learn and apply relevant concepts to construct explanatory scientific models but also to revise or
modify their models.

During the research process, the first author, who served as a participant observer, took part in collecting
data from four sections and conducting the research and lessons as a science teacher. In order to obtain a
more comprehensive understanding of the modeling levels of middle school students, four separate model
design activities were prepared and implemented by the researchers in accordance with the curriculum in
two of the (sections that both participated in the activities and received training, and that only participated in
the activities) four participating sections (Table 1). In another section, lessons were conducted using
traditional teaching methods, while in the fourth section, the students received training about scientific
models and their nature before engaging in activities. Data were collected through a scale measuring
students' perceptions of models administered as a pre and post-test, an activity notebook where students
responded to questions, drew preliminary and revised models, and wrote explanations, as well as rubrics
used to evaluate their model designs and explanations. At the beginning of the study, activity notebooks
were distributed to the students, and the qualitative themes derived from the models collected from these
notebooks were quantified and scored using the pre-prepared rubrics. The experimental and control groups
were randomly assigned in the research, but the school where the study was conducted was selected based
on the students’ appropriateness using convenience sampling method (Blyukdztirk et al., 2018; Fraenkel et
al, 2012).

In the research process, quantitative and qualitative data obtained from different data sources were used:

e Quantitative data sources (SUMS-TR Scale, Model evaluation rubric).

e Qualitative data sources (Activity notebook, model design and drawings, written explanations,
observation notes).

The Students’ Understanding of Models in Science Scale in Turkish (SUMS-TR) used as a measurement tool in
this study was translated from its original English version. The original scale, developed by Treagust et al.
(2002), is a reliable and valid instrument discussed in many analyses and studies in the literature. Quantitative
data were analyzed using SPSS 23. The qualitative data of the study were derived from examining the
students’ written responses, model designs, and drawings in their activity notebooks (see Appendix) that they
used during the process. The modeling activities designed and implemented for data collection were
finalized after pilot studies designed by researchers and expert evaluations. Both quantitative and qualitative
data collected from these instruments were evaluated using rubrics developed by the researchers based on
the literature. In this article, the findings obtained from the quantitative data of the study are presented.
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Study Group

The data were collected from 80 students, 36 female and 44 male, studying in four different classrooms at a
middle school in Diizce city during the 2022-2023 academic year (initially, a total of 83 students participated;
three students left the study, and their data were excluded from the analysis). The students in the study
group were monitored throughout the spring semester of the 7th grade and the fall semester of the 8th
grade. The middle school where the research was conducted was selected due to having four different
sections at 7th grade, its accessibility and its presumed representativeness of the average educational level in
the province. The school where the data were collected is a school where families with low socioeconomic
levels are more concentrated, and the academic achievement levels of the students in science courses are
below the general average of the province. The students in the study had not received any scientific
modeling training before and had not been educated about scientific models. Before the study, the average
science course grades of the four groups from their 6th grade school reports were compared using ANOVA,
and no statistically significant differences were found among science achievement levels of the four groups.
Thus, the groups were deemed equivalent, and three of the four sections were randomly assigned as
experimental groups, one served as the control group. Table 1 summarizes the groups and the research

design.
Table 1. Participants and Research Design of the Study
Groups Pre-test Experimental Procedure Post-test
Experimental Group 7A (N=21) SUMS-TR Training + Activity SUMS-TR
Control Group 7B (N=23) SUMS-TR Traditional SUMS-TR
Experimental Group 7C (N=20) SUMS-TR Training SUMS-TR
Experimental Group 7D (N=19) SUMS-TR Activity SUMS-TR

The SUMS-TR scale was administered as a pre-test and post-test to all classrooms at the beginning and end
of the study. Data from students who did not participate in both pre and post-tests and who were not willing
to contribute to the data collection process were excluded from the study. At the beginning of the study in
sections A and C, students received training on the role and nature of scientific models. This training covered
topics such as the applications of scientific models in science and in everyday life, the significance of using
models, the characteristics and types of models, and how the scientific modeling process can be conducted,
and examples of various models were presented to the total of 39 students in these two groups. This training
given to the students in sections A and C is not necessary for the execution of model design activities. In
section A, both training and modeling activities were conducted; in section D, only modeling activities were
conducted. In sections B and C, lessons were conducted according to the traditional plan in the textbook, and
no model-based activities were conducted.

Data Collection Instruments

This study aimed to develop materials based on expert opinions, implement these materials as paper-and-
pencil activities for students, and examine their effects on students' understanding of models and modeling
levels. To measure students' perceptions of models, the SUMS (Students’ Understanding of Models in Science)
scale was adapted into Turkish with permission from the original researchers. Developed by Treagust et al.
(2002), the original scale is well-known in science education literature and has been used in various studies
across different cultural contexts. Initially developed in English, the scale has been translated into multiple
languages, including Chinese, Spanish, and Turkish (e.g., Campos et al., 2016; Chang & Chang, 2013; Cheng
et al, 2014, 2019; Derman & Kayacan, 2017; Everett et al, 2009; Gobert et al, 2011; Park et al, 2017;
Villablanca et al., 2020). The original scale is 5-point Likert scale (5 = strongly agree, 1 = strongly disagree)
and consists of 27 items focusing on scientific models and their nature. Factor structure of the scale consists
of five themes and reported reliability values ranges from 0.71 to 0.84. These themes are: ‘'models as multiple
representations’ (MR/CTM), 'models as exact replicas’ (ER/GKM), ‘models as explanatory tools’ (ET/AAM), the
'uses of scientific models’ (USM/MK), and the ‘changing nature of models’ (CNM/MD). However, adaptation
studies revealed that the scale demonstrates higher validity and reliability with 24 items. This adapted model
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structure has been supported by recent studies (Campos et al., 2016; Cheng & Lin, 2015; Lazenby & Becker,
2021; Oliva & Blanco-Lopez, 2021; Villablanca et al., 2020; Wei et al., 2014). Therefore, the data for this study
were collected using the 24-item adapted version of the scale.

The researchers prepared four biology-based activities from the 7th and 8th-grade curriculum to apply to the
participating students. These activities were implemented in two experimental groups as part of science
lessons incorporating model design and modeling activities. In the first activity, Let's Model a Flower,
students firstly drew a specific flower model and labeled its parts. Such models are generally conceptual and
scaled models that are used to represent the shape and structure of the original target but occasionally
reflect functions or mechanisms (Coll, 2006; Harrison & Treagust, 2000). The models created by students in
the other three activities required to focus on both the nature of the model and its underlying mechanisms
(Penner et al, 1997). In the Mendelian Inheritance and DNA Replication activities, students developed
functional, conceptual models to explain the encoding and transmission of genetic information. Finally, in the
Cell Division activity, students designed scaled models to depict structures and functional models to analyze
conceptual interactions. The units and topics covered by the activities are presented as follows:

e 7th Grade, Cells and Divisions Unit, Activity 1: Cell Division Activity (HBE),

e 7th Grade, Reproduction, Growth, and Development in Living Organisms Unit, Activity 2: Creating a
Flower Model (CMYE),

e 8th Grade, DNA and Genetic Code Unit, Activity 3: DNA Replication Activity (DNA-E),
e 8th Grade, DNA and Genetic Code Unit, Activity 4: Mendelian Inheritance Activity (MKE).

The students' mental models, expressed through their drawings and explanations, represented internal
representation of the target phenomenon. The "Student Models Evaluation Rubric (SMER)" was developed to
evaluate students’ initial and revised final models (see Appendix) by the researchers based on Pluta et al.
(2011) considering different studies in the literature (Cheng & Brown, 2015; Cheng & Lin, 2015; Cheng et al.,
2017, 2019; Grosslight et al., 1991). Student models are evaluated under these three categories: purpose of
the model (the purpose of the model in design; 5 criteria, 0-15 points), components of the model (the
components of the designed model; 5 criteria, 0-15 points), and communication elements of the model (the
communication elements of the designed model; 4 criteria, 0-12 points).

Data Analysis

During the research process, all participants were assigned descriptive codes (class, gender, activity, etc., for
example DBBK), and all collected data were recorded systematically. All pre and post-data from the SUMS-TR
scale, SMER rubric, and activity notebooks containing model designs, drawings, and explanations, were
checked and transferred to digital formats (MS Word, MS Excel, and SPSS files). The analyses were conducted
using total and sub-scores derived from the scales and rubrics. The quantitative data were examined in terms
of missing data, normal distribution, and skewness. Descriptive analysis and parametric tests (paired and
independent-samples t-tests, one-way ANOVA) were employed to compare and analyze intra-class and inter-
class data.

The criteria in three sections in SMER rubric were categorized into three levels, ranging from low to high
level. If a relevant indicator or criteria within a subsection was absent, impossible to be evaluated, or was
incomprehensible in that model, it was scored as 0. If the indicator or criterion was present but vague, not
completely defined, or incomplete, it was scored as 1. If it was present, clear, and explicitly defined, it was
scored as 2. If the indicator or criteria was present, with multiple clear definitions, detailing how and why the
phenomenon or problem occurred, developed, or was represented, it was scored as 3. For example, the
purpose of the model sub-dimension consists of five criteria (explanation, definition, representation/display,
answering, and data). In a student model, score that could be achieved in this section ranges from 0-15. The
components of the model sub-dimension, which evaluates the quality and adequacy of the model
components, is also assessed using five criteria (pictures, words, diagrams, labels, and drawings). The total
score that can be achieved in this part also ranges from 0 to 15, with a maximum score of 3 per criteria. The
sub-dimension of communication elements of the model was evaluated using four criteria (clarity,
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organization, attribution, and reasoning) and range of score that can be achieved is 0-12. The total value a
student model can receive varies between 0-42 points.

Example of Scoring Student Models

Figure 1 illustrates a scientific flower model design drawn (CMYE activity) by a student in the D section, where
lessons were exclusively conducted with model design and modeling activities. The student's design received
11 points for the purpose of the model, 15 points for the components of the model, and 8 points for the
communication elements of the model, with 34 points in total.

Figure 1. Flower Model of A Student in D Section Experimental Group

For instance, under the purpose of the model sub-dimension, the student did not score any points for the
Explanation criteria. While the analyzed model of the student illustrated only the parts of the flower, it did not
provide an explanation of how or why the phenomenon occurred. It was accepted that there was not any
explanatory information in the model, and it was scored 0 points. Definition: The model shows that the
student had an image in the mind defining exactly how the components of the flower are. In model,
important part of the components of the flower was present with accurate naming. Model was aligned with
the structure and components of the flower. It was scored 3 points as it completely met the scientific model
definition criteria. Representation: The model shows the complete components and representation of the
flower. It was designed in a way that others can easily understand that it is a flower and what components it
has. Design, drawing or plan of the model presents a close representation to the target. Here, no exact
similarity is expected here. The model was aligned with the target in functional and structural terms. As the
components in the model represented all aspects of the intended target to be given to students, it was
scored 3 points. Answering: The student's model provided answers to which parts the flower consists of and
how these parts are assembled. However, it did not answer many questions about how these parts function
or what they produce. The model was evaluated on a scale of 0 to 3 points for its ability to answer questions
such as how, why, or to what extent something occurs: 0 points if it does not provide an answer, 1 point if the
answer is vague and incomplete, 2 points if the answer is clear and understandable, and 3 points if it provides
multiple answers. In this case, the model offered information about the composition of the flower's sections
and how they were assembled, and thus it was scored 2 points. Data: The descriptions in the model support
the data related to the flower. As the descriptions are accurate and include multiple clear and understandable
data points, the model was scored 3 points.

Under the model components sub-dimension, the model scored 3 points in the Pictures criteria. The pictures
in the model were clear, and all parts were distinctly separated. The images explicitly depicted how the parts
of the flower are structured and how they are assembled. Words: Not all the words in the model are accurate,
and some were not placed correctly. For instance, the student incorrectly labeled the anther (as “sapcik”
instead of "bascik”) and filament (as "bascik” instead of “sapcik”) in the stamen. However, the model included
multiple clear and explicitly defined terms, and thus this section was scored 3 points. Diagrams: This criterion
evaluates the scientific model as a diagram. As a result of evaluation of the relationships between words and
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explanation as a diagram, in this model, the student represented the parts of the pistil and connected them
accurately in the flower model. Since there were multiple correct relationships like this, the model was scored
3 points. Labels: This criterion assesses the placement and accuracy of the labels identifying the parts of the
model. Parts marked with arrows were considered labels. If no part of the model was marked with an arrow, it
was scored O points. If a student marked a part with an arrow but did not name it, it was interpreted as the
student recognized the part's distinction without knowing its exact name. In this model, the student used
multiple clear and understandable labels marked with arrows, earning 3 points. Drawings: This criterion
evaluates all drawings and symbols in the model. If there is no clear and correct drawing, the score is 0. If
there is one unclear or incomplete drawing, the score is 1. If there is one clear, correct, and explicitly defined
drawing, the score is 2. If there are multiple clear and correct drawings, the score is 3. The student's model
included nine arrows, all of which clearly indicated their respective parts, so this criterion was scored 3 points.

Communication elements of model sub-dimension was scored similarly and analyzed under four criteria.
Clarity: This criterion evaluates how clearly the scientific model can be understood by others. The presence of
any deficiencies in the labels, words, images, and diagrams is assessed. While the positions of the stamen and
filament were incorrectly shown in the student’s model, the labels, words, and images in the model were clear
and understandable, earning 3 points. Organization: This criterion evaluates whether there is an evident
organization in the model design. It analyzes whether the model has a certain organization. In the student’s
model, the parts of the flower's organs were separately linked. For instance, the stigma, style, and ovary in
the pistil were linked individually with arrows and correctly organized, but the organization of the stamen was
incorrect. This criterion was scored 2 points. Attribution: This criterion assesses whether there are multiple
clear attributions between the parts of the flower. As all the associations in the model are complete and clear,
it was scored 3 points. Reasoning: This criterion evaluates whether the underlying mechanisms and functions
of the parts in the model have been reasoned out. In the flower model, the ovule was drawn as a separate
structure within the ovary, but it was not defined separately from the ovary. The parts of the flower were
partially correctly depicted and related. No explanations were provided regarding their functions or roles in
the flower. For example, while the student drew the ovule that would form the seed after fertilization, it was
marked as part of the ovary without naming or explaining its function. But this reasoning is not entirely
correct and complete. The parts of the stamen were incorrectly depicted, and no reasoning about their
function or role was provided. For instance, there was no reasoning about pollen production in the anther or
its role in reproduction. Additionally, there was no mention of how the colorful and fragrant petals attract
insects or their function. Therefore, the student’'s model did not score any points in this criterion.

Validity and Reliability

The validity and reliability of the research process, data, and findings are crucial to generating meaningful,
testable, and replicative scientific answers to research questions (Creswell & Plano Clark, 2018). Prior to this
study, necessary permissions were obtained, and data collection tools and activities developed based on the
literature were tested through pilot studies, incorporating feedback from experts and teachers. Relevant
expert opinions for the content of the scientific models, modeling training, and model-based activities was
acquired from three researchers, two Turkish language teachers, and one science teacher. Based on the
feedback received, necessary revisions were made, and the activities were finalized. During the adaptation
process of the SUMS scale into Turkish, the steps recommended by Beaton et al. (2000) were followed,
employing a translation and back-translation technique. The scale, prepared under the supervision of three
field experts, two Turkish language experts, and two English language experts, was tested for clarity,
applicability, and internal validity with a group of sixth-grade students (N = 55; Cronbach'’s alpha = 0.852). In
the final stage, the psychometric properties of the SUMS-TR scale were analyzed with participants from a
different population and grade levels (grades 5-7, N = 276; x?/df = 1.475, CFl = 0.951, TLI = 0.947, RMSEA =
0.042) and its construct validity were examined through confirmatory factor analysis (Mplus 7, Cronbach'’s
alpha = 0.884).

Additionally, inter-rater reliability statistics were calculated during the development of the Student Models
Evaluation Rubric (SMER) and the coding of qualitative data. 10% of the student models from two classrooms
were randomly selected and independently coded by the researchers. Inter-coder reliability was determined
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using Krippendorff's alpha test (Hayes & Krippendorff, 2007). The results based on the final total model
scores (a0 = 0.880) indicated strong agreement among the researchers, with an ideal level of reliability
achieved (a0 > 0.80). Furthermore, expert and teacher support was sought during the rubric development
process employed in this research.

Ethical Disclosure

Ethics Committee Approval: This research was conducted with the permission obtained by the Hacettepe
University Scientific Research and Publication Ethics Social and Human Sciences Board's decision dated
14/12/2021 and numbered E-10240236-20-43231889.

Findings

This section presents the findings and interpretations related to the research questions. Findings will be
reported respectively regarding whether there is a significant difference in the modeling perceptions and
modeling levels between the experimental group students, who received training on scientific models and
the nature of scientific models and performed model-based teaching activities, and the control group
students, who were trained using the traditional methods outlined in the curriculum. In the two experimental
groups (sections A and C), the duration of the training was two class periods. For the classes engaged in
modeling activities (sections A and D), each activity took two class periods. The analyses included only the
students who completed both pre and post-models and had pre and post-test results for modeling
perception. Due to high rates of absenteeism and student turnover at the school where the study was
conducted, data of 306 pre and post-models were obtained from two classes (A and D) in total.

Findings Related to Students' Modeling Perceptions

The first research question of this study investigates whether there is a statistically significant difference in
the modeling perceptions of experimental and control group students at the beginning and end of the
process. In this section, the SUMS-TR scale was used to determine if there were differences in students’
modeling perceptions. A total of 80 pre and post-test data sets were collected from students in three
experimental groups and one control group: 20 students from section A, which received instruction with
model-based training and modeling activities; 23 students from section B, which received traditional
instruction; 19 students from section C, which received only model-based training; and 18 students from
section D, which participated only in modeling activities. Among these students, 36 were female and 44 were
male. Descriptive statistics regarding the number of students in each section and the mean pre and post-test
scores for the scale are presented in Table 2.

Table 2. The Distribution of SUMS-TR Scale Mean Scores By Sections

Sections n % Xpre (SD) Xpost (SD)
A (Training + Activity) 20 25.0 3.43(0.23) 3.32 (0.42)
B (Traditional) 23 28.7 3.30 (0.28) 3.28 (0.24)
C (Training) 19 23.8 3.34 (0.25) 3.37 (0.21)
D (Activity) 18 22.5 3.05 (0.38) 3.32 (0.49)
Total 80 100.0 3.29 (0.31) 3.32 (0.35)

When the pre and post-test mean scores of all groups were analyzed, it was observed that there were no
major differences in the model perception of the groups, but there were notable changes in some sections.
While there was a slight decrease in model perception in section B, which received traditional education, a
more significant decrease was observed in section A, which received training and modeling activities.
However, there was a small increase in the post-test scores of model perceptions in section C, which received
training, and a much larger increase in section D, which received model-based activities.

In all sections, to assess the normality of model perception scores, skewness and kurtosis values,
Kolmogorov-Smirnov test, and Shapiro-Wilk test, due to small sample size, were used. According to
Tabachnick and Fidell (2013), skewness and kurtosis values between -1.5 and +1.5 indicate normal
distribution. Except for the post-test kurtosis value of section C (2.44), the skewness (-1.16 to -0.09) and
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kurtosis (-0.88 to 1.58) values of the pre and post-test scores for all sections were generally coherent.
Furthermore, the values obtained from the pre and post-tests of all sections (p > 0.05) indicated that the
score distributions did not significantly deviate from a normal distribution. The mean pre and post-test
model perception scores collected using the SUMS-TR scale were analyzed by ANOVA (Table 3). The Levene
test results for the data obtained from the scale indicated a test statistic of 1.791 and a p-value of 0.156 (p >
0.05), suggesting homogeneity of variance between groups.

Table 3. ANOVA Results For SUMS-TR pre-test and Post-Test Scores

Sum of Squares df Mean Square F p n2
Between Groups 1.499 3 0.500
Pre-test  Within Groups 6.434 76 0.085 5.901 0.001 0.188
Total 7.932 79
Between Groups 0.067 3 0.022
Post-test  Within Groups 9.779 76 0.129 0174 0913 0.006
Total 9.846 79

The results in Table 3 reveal a statistically significant difference in the pre-test scores of students from the
sections in which different practices were applied (F(3, 79) = 5.901; p = 0.001). To identify which sections
contributed to this difference, multiple comparison post-hoc tests were conducted. Given the equality of
variances and the unequal group sizes, the LSD test was applied. The results indicated that scores of section
D differed from section A (p = 0.000, 95% Cl = [-0.5725, -0.1960]), section B (p = 0.008, 95% Cl| = [-0.4335, -
0.0687]), and section C (p = 0.004, 95% Cl = [-0.4785, -0.0973]). On the other hand, the ANOVA analysis of
the post-test results revealed no statistically significant differences in the mean scores of students from the
sections in which different applications were applied (F(3, 79) = 0.174; p = 0.913).

Additionally, a paired-samples t-test was conducted to determine whether the model perception scores of all
sections from the SUMS-TR scale showed significant differences within each section. The results indicated
that the significance values for the SUMS-TR pre and post-test mean scores of section A were higher than
0.05, that the model perceptions of students in this group, which received both training and participated in
modeling activities, did not change (p > 0.05). Similar results were observed for section D, which only
participated in modeling activities (p > 0.05), and section C, which only received scientific model training (p >
0.05). As expected, there was also no significant difference in the model perception scores of students in
section B, which received traditional instruction (p > 0.05). As a result, while there was no significant
difference in the pre and post-test model perception mean scores of sections A, B, and C, a notable increase
was observed in the scores of class D (Xpre = 3.05, SD = 0.38; Xpost = 3.32, SD = 0.49). Although it is
noteworthy that no difference was observed in the model perceptions of all experimental groups, similar
results have been reported in the literature (Cheng & Lin, 2015; Cheng et al, 2019; Krell et al., 2015;
Villablanca et al.,, 2020). These findings obtained in parallel with the variable results reported in the literature
reveal the need for further research. Considering the findings, various factors, such as the structure of the
study group and the limited number of students, the research process, and data collection tools, may have
affected the findings.

Findings Related to Students’ Modeling Levels

The second research question of this study investigates whether there is a statistically significant difference in
the levels of models designed by the students in the two experimental groups (sections A and D). Students'
model designs were evaluated according to their rubric scores. A total of 156 model data (50.6%) were
collected from section A, where students received training on scientific models and participated in model
design activities, comprising 78 pre and 78 post-test models. From section D, where students participated
only in model design activities, 152 model data (49.4%) were collected, including 76 pre and 76 post-test
models. In total, 308 model data were evaluated in this study. The means and standard deviations of the
general pre and post-test scores for the scientific models designed by the students from sections A and D
across four units are presented in Table 4. In both classes, there was a significant increase in the mean scores
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for the pre and post-modeling levels. It is important to determine which dimension of the modeling levels
this increase in scores is related to (Table 5).

Table 4. Students' averages of general modeling levels by section

Pre Model Score Post Model Score
Sections X (SD) X (SD)
A (Training + Activity) 0.3373 (0.281) 0.3919 (0.321)
D (Activity) 0.3747 (0.295) 0.4586 (0.315)

The modeling level scores of sections A and D were analyzed using paired-samples t-tests for modeling
dimensions (purpose of the model, components of the model, and communication elements of the model), and
the results are presented in Table 5.

Table 5. Comparison of Scores Related to Model Dimensions With Paired-Samples T-Test

Section Model dimensions Xpre - post SD t df p

Purpose of the model -0.0837 0.3284 -2.252 77 0.027*

A Components of the model -0.0478 0.3461 -1.221 77 0.226
Communication elements of the model -0.0267 0.3622 -0.651 77 0.517
General model score -0.0546 0.3243 -1.488 77 0.141
Purpose of the model -0.0842 0.3237 -2.268 75 0.026*

D Components of the model -0.0719 0.3433 -1.826 75 0.072
Communication elements of the model -0.0986 0.3329 -2.584 75 0.012*
General model score -0.0839 0.3083 -2.374 75 0.020*

*p < 0.05

The paired-samples t-test results for section A indicated no significant difference (t(77) = -1.488, p > 0.05) in
the general mean model scores (Xpre - post = -0.0546, SD = 0.3243). Additionally, no significant difference was
found (p > 0.05) for the components of the model (Xpre - post = -0.0478, SD = 0.3461) or the communication
elements of the model (Xpre - post = -0.0267, SD = 0.3622). However, in terms of the purpose of the model
dimension, a significant difference (t(77) = -2.252, p < 0.05, d = 0.2516) was observed in modeling scores of
section A (Xpre - post = -0.0837, SD = 0.3284). Nonetheless, the effect size of the difference observed in the
purpose of the model dimension was weak.

In section D, the results revealed significant differences in the general mean model scores (Xpre - post = -0.0839,
SD = 0.3083; t(75) = -2.374, p < 0.05, d = 0.2601) as well as in dimensions the purpose of the model (Xpre - post
= -0.0842, SD = 0.3237; t(75) = -2.268, p < 0.05, d = 0.2601) and the communication elements of the model
(Xpre - post = -0.0986, SD = 0.3329; t(75) = -2.584, p < 0.05, d = 0.2963). However, the effect sizes of these
differences were weak. No significant difference was found (p > 0.05) in the components of the model
dimension (Xpre - post = -0.0719, SD = 0.3433).

The primary difference between sections A and D was the training provided on scientific models. To
determine whether the modeling levels mean scores differed between the sections, an independent-samples
t-test was conducted, and the results are presented in Table 6.

Table 6. Independent-Samples T-Test Results For the Mean Scores of Model Dimensions in Sections A and D

Model dimensions Section N X SD t df p
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78 03111 0.2535
76 038517 0.3000 -1.651 1465  0.101
78 03974 03454
76 04325 0.3498 -0.625 152 0.533
78 02949 0.2993
76 0.2895 0.2859 0.114 152 0.909
78 03373 0.2818
76 03747 0.2954 -0.804 152 0.423

Purpose of the pre-model
Components of the pre-model
Communication elements of the pre-model

General pre-model score

78 03949 0.3299
76 04693 0.3302 -1.399 152 0.164
78 04453 0.3530
76 0.5044 0.3545 -1.036 152 0.302
78 03216 0.3272
76 03882 0.3004 -1.314 152 0.191
78 03919 0.3216
76 04586 0.3150 -1.300 152 0.196

Purpose of the post-model

Components of the post-model

Communication elements of the post-
model

»O0>»0>»0>»0>»0>»0>» 0>

General post-model score

When the results of the independent-samples t-test were compared in terms of the pre and post-model
designs of the A and D sections, no statistically significant difference was observed (p > 0.05) in the data
regarding to the modeling dimensions of both classes. The mean scores obtained in the modeling levels of
sections A and D were largely similar. In both classes, the highest average was obtained in the components of
the model, while the lowest average was observed in the communication elements of the model. Compared
to section D, which only did model design activities, it is seen that the training provided to section A, which
both received training and did model design activities, did not make a difference. These results also show
that there is no significant or statistically significant difference in the modeling levels of the students in A and
D sections. The training given to middle school students about scientific models and the nature of scientific
models may not have any effect on their modeling levels. These results should be investigated in more detail
in further research.

Findings on the Relationship Between Students’ Modeling Levels and Perceptions of Models

The third research question of this study focuses on whether there is a relationship between the modeling
levels and perceptions of models among students in the experimental and control groups. To determine this
relationship, Pearson correlation analyses were conducted. The results indicated no significant relationship
between students' perceptions of models and their modeling level scores (r(80) = -0.169, p > 0.05). Figure 2
illustrates the distribution of pre and post-test mean scores from the SUMS-TR scale on the understanding of
scientific models across different themes. Except for models as exact replicas (Xekm = 2.36), the responses
aligned with "agree" for the other four themes (models as multiple representations (CTM), models as
explanatory tools (AAM), the uses of scientific models (MK), and the changing nature of models (MD). This
result suggests that middle school students are uncertain whether scientific models are exact replicas and
reproduction of the target phenomena. The themes with the highest means were AAM (Xaam = 3.80) and MD
(Xmp = 3.68), respectively. These results show that students evaluate scientific models as a means of an
explanation tool. Middle school students think that models are used by scientists to explain natural
phenomena and that models can change.

3,6641 3,8050 3,6125 3,6875

2,3643

CTMM GKM AAM MK MD
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Figure 2. Mean Scores For the Five Themes Derived From the SUMS-TR scale

Correlation analyses were conducted to investigate whether there is a relationship between the themes of
students' perceptions of models and their general modeling levels scores (Table 7). The results revealed no
significant relationship between the themes of scientific model perceptions and the students’ general
modeling levels scores (p > 0.05).

Table 7. The relationship between students' perception of scientific model and their modeling levels

CT™M GKM AAM MK MD

r -0.050 -0.101 -0.141 -0.002 0.146

Modeling levels p 0.657 0.375 0.213 0.983 0.197
N 80 80 80 80 80

In addition, the themes related to the students' model perceptions were compared with the general scores of
modeling levels, and the test results showed that there were no statistically significant differences. In
conclusion, considering the findings of the study, the fact that model-based teaching activities are related to
the field of biology, the limited number of students in the study group, and the limitations of data collection
tools may have affected the findings.

Discussion and Conclusion

In this study, scientific models were used as a teaching tool at the middle school level. The development and
differentiation in students' modeling levels and model perceptions were assessed through the training on
scientific models and their nature, along with model design activities. The first research question focuses on
how students' perceptions of modeling changed over time based on the training provided on scientific
models and their nature, as well as the model design and modeling activities. When the in-group pre-test
and post-test mean scores related to the model perceptions of the sections were examined, it was seen that
there were no major differences, but there were noticeable changes in some groups. The results revealed a
small increase in section C, where training was provided, and a much larger increase in section D, where
model-based activities were conducted. At the end of a four-week practice, post-test results obtained from
the SUMS-TR scale were analyzed, and no significant differences were found in the model perceptions of the
students across different classrooms where different practices were conducted. Only the model perception
scores of section D differed from other sections at the beginning of the study, but this difference
disappeared by the end of the study. No significant differences were found in the model perception scores of
all sections in the post-tests. The analysis of students' perceptions of models in science revealed that these
middle school students had an intermediate to good level of understanding of models and modeling in
terms of many aspects, including sub-themes of CTM, AAM, MK, and MD. However, students are uncertain
about whether a model is an exact copy of reality. This is consistent with other studies in the literature
(Cheng & Lin, 2015; Chittleborough et al.,, 2005; Grosslight et al., 1991; Glimds et al,, 2008; Krell et al., 2015;
Metin & Leblebicioglu, 2015; Pluta et al., 2011). For example, in a science camp program on the nature of
science, Metin and Leblebicioglu (2015) observed that 6th and 7th grade students were able to understand
that models are data-based and developed as a result of scientific research. As a result of modeling activities,
students' perceptions of scientific models can be improved, and students can make more comprehensive
explanations in accordance with the purpose of the models (Metin & Leblebicioglu, 2015). A significant
number of studies have shown that most middle and high school students perceive scientific models as
physical copies of target objects (Arslan & Dogru, 2014; Cheng et al., 2014; Cheng & Lin, 2015; Gobert et al.,
2011; Grosslight et al., 1991; Metin & Leblebicioglu, 2015; Treagust et al., 2002; Unal Coban & Ergin, 2011).
Similarly, Cheng and Lin's (2015) study showed that even students with the best science learning
performance may have a more naive understanding that models can be like exact copies of reality. In order
to overcome this confusion in students' perceptions of scientific models, the distinction and complex
relationships between models and target phenomena may need to be explicitly taught and emphasized
during model training. Students' model perception has an important role in model-based activities (GUmUs et
al., 2008; Kara, 2019; Unal Coban & Ergin, 2011). For example, Arslan and Dogru (2014), in their study
examining the effect of modeling-based science teaching on 6th grade students, drew attention to the
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positive effect of modeling, especially in terms of mental model development, but stated that it had no effect
on students' conceptual understanding levels and recall. There is a need for more studies focusing on how
students' model perceptions can be improved in model-based instruction within the curriculum.

Some researchers (Everett et al, 2009) have used the SUMS scale to determine teachers' perceptions of
modeling in pre-service teacher training programs. For example, Everett et al. (2009) found that the
participating pre-service teachers did not have a strong understanding of scientific models, their uses,
characteristics, and types. Although the pre-service teachers' understanding developed especially in four sub-
themes during the study, it was noted that the scale had limited utility in assessing prospective teachers. The
limitations due to the usage of the scale may also have influenced the results in our study. Some recent
studies on the scale have supported the factor structure of the scale (e.g., Cheng & Lin, 2015; Cheng et al.,
2019; Villablanca et al,, 2020), while others have highlighted issues with unclear items and factors showing
low internal consistency. For example, Lazenby and Becker (2021) identified problems related to reliability
analysis, language, and structural validity in their study. In the studies conducted on scale, it has been
proposed to use the scale conducting various modifications, such as reducing the number of items or
merging (e.g, AAM and MK) certain themes (e.g., Campos et al., 2016; Lazenby & Becker, 2021; Oliva &
Blanco-Lopez, 2021; Wei et al., 2014). In this study, three items were removed from the scale and data were
evaluated. Thus, it was aimed to reduce potential errors that might result from the scale.

Moreover, a limitation of this study is the use of the context-independent SUMS-TR scale to assess model
perceptions. Various studies in the literature have suggested that model perceptions may be sensitive to
context and the topic under investigation, and that context-independent responses may not fully reflect
students' actual perceptions (Cheng & Lin, 2015; Krell et al, 2015). Several studies have indicated that
students' understanding of models is influenced by the field of study (Gobert et al,, 2011; Krell et al., 2015).
The SUMS-TR measurement tool does not account for the relationship between context and epistemological
views. Various studies in the literature have shown that students may have different model understandings
across different scientific disciplines and different contexts (Cheng et al,, 2019; Cheng & Lin, 2015; Krell et al.,
2012, 2015). All activities in this study were focused on the field of biology. Several researchers have
highlighted that biology is one of the most context-sensitive fields. For instance, Nehm and Ha (2011)
emphasized that the contextuality in biology is more significant than in other scientific fields, while Krell et al.
(2015) stated that context-specific differences could emerge in models created within disciplines in biology.
Krell et al. (2015) proposes that students in biology tend to think with scale and functional models such as
human or animal models, while in chemistry and physics, they more often think with analogical and abstract
models related to topics like atoms and molecules. Therefore, it is suggested that students' perceptions of
models in these three disciplines and model-based activities may produce diverse outcomes. As can be seen,
the selection of model-based teaching activities from biology field in this study may have created a limitation
for middle school students and may have influenced the obtained results. Future studies could explore the
change in students' modeling perceptions in biology based on context, and compare them with different
disciplines.

The second research question of this study examined whether the applied activities led to an improvement in
middle school students' modeling levels. The findings of our study suggest that there was no differentiation
in the modeling levels of students across the different sections. In the literature, there are many studies
suggesting that students’ modeling levels and model perceptions can be improved through model-based
instruction that helps students create, evaluate, revise, and apply their models (Bamberger & Davis, 2013;
Ciltas & Muslu, 2016; Gobert et al., 2011; GUmds et al., 2008; Williams & Clement, 2015). Chittleborough et al.
(2005) used the VOMMS scale (Treagust et al., 2004), a scale similar to the SUMS, to examine how students’
modeling ability affects their model use and understanding of chemical concepts and found that as age and
maturity increased (from 8th grade to the first year of university), students more easily identified the role of
the scientific model. The researchers noted that the concept of models and modeling can be complex
especially for younger students, and the lack of teaching about the different roles and meanings of models
could cause confusion. Liu (2006), examining the effects of applied laboratory and computer modeling on
students' chemistry learning using the SUMS scale, indicated that sample size was effective in measuring
secondary school students' model perceptions. Liu's (2006) findings showed that there was no difference in
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the level of understanding of models, and that students were highly engaged in all aspects of scientific
models, and there was no clear hierarchy across different dimensions. Additionally, the literature suggests
that as students' academic years progress, the number of students who believe models are exact
reproduction of reality decreases (Chittleborough et al., 2005; Gobert et al.,, 2001; Grosslight et al., 1991).
Similarly, Krell et al. (2015) observed that there was a significant improvement in students' understanding of
models and modeling in the context of biology, chemistry, and physics between grades 7 and 8 and grades 9
and 10, and that model perception improved as students' age and maturity increased. It was also found that
students' general understanding of the nature of scientific models, models and modeling became more
detailed as their school experiences and knowledge increased (Al-Balushi, 2011; Crawford & Cullin, 2004). In
addition, Treagust et al.'s (2002) analyses using the SUMS scale showed that there was no statistically
significant difference between middle school students' grade levels for any of the five themes. According to
the researchers, students’' interpretations of the term ‘scientific model’ depend on their experiences and
personal understandings. Consequently, it is assumed that students' model perceptions and modeling levels
will become more detailed as students move to higher grade levels, with increasing age, maturity, and
academic experience. However, in our study, the training given at the beginning of the study in two sections
on topics such as types of models, their role in science, and their uses created no significant differences
between groups. This result may stem from the training being given once at the beginning of the term,
students' young age, or the relatively low readiness of the classes. Therefore, further research should involve
longer-term and more comprehensive training processes to explore the possible effects.

Cheng et al's (2017) study demonstrated that when students were supported in developing their own
models through model-based teaching activities, they were able to create more complex and consistent
models compared to students who were trained showing scientific models presented by their teachers.
However, contrary to Cheng et al. (2017), our findings indicate no significant difference between students
who developed their own models through model-based teaching and those who were taught through
traditional teaching of the models in the textbook. Based on the findings of this study, it is possible that the
lack of rational and objective evaluation and revision of the models students designed hindered the
development of their modeling levels. Cheng and Brown (2015) proposed that creating models alone is
insufficient to develop students' modeling levels, and emphasized the need for a curriculum that explicitly
supports students’ thoughts on scientific modeling criteria. Cheng et al. (2017) argue that in addition to
asking students to create, evaluate, and revise models, it is necessary to guide student’s thinking on their
own models with more objective scientific modeling criteria. On the other hand, the school where this study
was conducted has a lower socioeconomic level and science achievement compared to the regional average.
Thus, the lack of differentiation and development in students’ model perceptions and modeling levels within
the limited time may stem from the low level of science achievement. Additional studies and more time for
students at this level may have a greater impact on their modeling levels and model perceptions.

The third research question of this study focused on whether there is a relationship between model
perception and modeling level. The data obtained from the SUMS-TR scale and model-based activities
showed that students' model perceptions, both at the general level and at the theme level, were not related
to their modeling levels. This result, derived from comparing different experimental effects, aligns with
various studies that have shown no relationship between middle school students’ model perceptions and
modeling practices, and that there is no experimental evidence (Cheng & Lin, 2015; Krell et al.,, 2015; Louca &
Zacharia, 2012). The relationship between students' understanding and perception of scientific models and
their model creation and evaluation levels is minimal and may not have practical significance (Cheng et al.,
2019). Various studies in the literature suggest that students’ understanding of scientific models and their
grasp of modeling are largely influenced by their experiences with models in science lessons (Krell et al,
2012, 2015; Treagust et al, 2002). Krell et al. (2015) argue for increasing the cycle of model generation,
evaluation, and modification in science classrooms, as proposed by Khan (2007, 2011), and for teachers to
explain not only the descriptive nature of models but also their predictive nature, which would foster a
higher-level understanding of modeling. Furthermore, in this study, the model understanding and modeling
levels of science teachers were not investigated. Studies in the literature conducted on science teachers show
that teachers and teacher candidates generally have a rather inadequate understanding of models and
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modeling (Aktan, 2016; Crawford & Cullin, 2004; Justi & Gilbert, 2003; Van Driel & Verloop, 1999). The
inadequacy of teachers in this regard could be seen as an explanation for the students' lack of understanding
of models, and it is also possible that this gap could not be eliminated within the limited class hours.

The findings of this study showed that in the model-based instruction process, the training given about the
nature of scientific models and the middle school science lessons conducted through model design and
modeling activities did not lead to a significant change in students' modeling levels and model perception.
Within the scope of the study, several suggestions were made based on the literature and the findings of the
study in order to improve students' modeling levels and scientific model perception.

Recommendations

As mentioned earlier, there are various limitations arising from the scope and process of the study. Many
factors such as the selection of activities from the field of biology, the limited sample size, socioeconomic
factors, limitations in data collection and measurement tools, the training provided during the instructional
process, the modeling activities, and their duration could have influenced the results of this research.
Therefore, planning future studies, particularly those involving middle school students, to compare model-
based activities from different fields and over a longer duration, and testing through developing different
measurement tools could lead to clearer different findings in the literature. The changes in students’
modeling levels and perceptions of scientific models, as well as any potential relationship between them,
should be measured with context sensitivity. The findings in this study were gathered over a limited time
period from 7th and 8th grade students. Longer-term studies involving students of various ages and science
teachers are needed. It is important to provide students with more opportunities to create, evaluate, and
modify their own models through model-based activities in more and different units.

With the recent curriculum change (MEB, 2024), modeling has become an important component of the
science curriculum. However, how modeling should be taught depending on the content of the subject and
how the model-based teaching processes should be planned and implemented needs to be investigated.
How and by which criteria students design and evaluate their own models, and their effect on modeling
levels, are also issues to be investigated. In this study, only the scientific models designed by the students
were considered. Student approaches and interactions in model building and model evaluation processes
and their impact on model perception can be further investigated in the future. Finally, due to the differing
educational standards and cultural structures of different countries, the conclusions drawn in this study may
only be transferable to students from other countries to a limited extent, and further research in this area is
needed.



ADIYAMAN UNIVERSITY

U p— Journal of
/\ J:S Educational

Sciences

dergipark.org.tr/tr/pub/adyuebd Cilt 15, Sayi 1, Haziran 2025, Sayfa 214-249 ISSN: 2149-2727

Bilimsel Model Egitimi ve Model Tabanh Etkinliklerin Ortaokul
Ogrencilerinin Model Algisina ve Modelleme Seviyesine Etkisi*

Aysegul Yazan' Mustafa B. Aktan?
Makale Bilgisi Ozet
Anahtar Kelime Bilimsel modeller ve model tabanli etkinlikler bilimsel konu ve kavramlarin
Bilimsel modeller, dgrenilmesinde 6nemli bir yere sahiptir. Model tabanli egitimin éneminden yola
Model tabanli 6gretim, cikilarak tasarlanan ve karma arastirma deseninde yiritilen bu aragtirmanin amaci
Modelleme, ortaokul &grencilerinin iki farkli mtdahalenin uygulanmasi (bilimsel model egitimi ve
Model algisi, model tabanl etkinliklerle yiiriitilen dersler) sonucunda model algilari ve modelleme
Ortaokul 6grencileri seviyelerinin nasil degistigini belirlemektir. Arastirma kapsaminda doért farkli siniftan
nicel ve nitel veriler toplanmis ve analiz edilmistir. Arastirmanin odak noktasi bilimsel
Yiikleme: 01.12.2024 modeller ve bilimsel modellerin dogasi hakkinda egitim verilen, model tasarimi etkinligi
yapan dgrencilerin model algilari ve modelleme seviyelerinin, egitim almayan ve etkinlik
Kabul: 28.01.2025 yapmayan oOgrencilere gore nasil degistiginin ortaya cikarilmasina dayanmaktadir.
Calisma grubu dort farkli subeden 80 ortaokul 6grencisini kapsamaktadir. Veriler,
Yayin: 30.06.2025 Ogrencilerin Bilimsel Model Algi Olcegi ve Ogrenci Modellerini Degerlendirme Rubrigi

kullanilarak toplanmistir. U¢ deney (egitim, modelleme, egitim ve modelleme) ve bir

kontrol subesinden elde edilen veriler karsilastirilarak analiz edilmistir. Arastirmanin
Arastirma Makalesi sonuclari model tabanh 6gretim sirecinde, bilimsel modellerin dogasi hakkinda verilen
egitim ile modelleme etkinligi araciligiyla yuritilen ortaokul fen derslerinin midahale
oncesi ve sonrasinda siniflarin modelleme seviyeleri ve model algisinda belirgin bir
degisime yol ag¢madigini gostermistir.  Bununla birlikte, modelleme etkinligi
gerceklestirilen subelerde modelin amaci ve modelin iletisim unsurlar boyutlarinda
anlamli farkliliklar gézlenmistir. Calisma kapsaminda 6grencilerin modelleme seviyeleri
ve bilimsel model algisini gelistirebilmek amaciyla literatlre ve arastirmanin bulgularina
dayanarak cesitli 6neriler getirilmistir.

DOI: 10.17984/adyuebd.1594563

Giris
Son yillarda toplumun bilime bakis agisi ve bilim egitiminde 6nemli degisimler yasanmaktadir. Bilim egitimi
yalnizca sonuglar ¢ikarmanin, 6gretmenin ve diinyaya iliskin agiklayici, tahmin edici teorileri ve modelleri
gelistirmenin yaninda ayni zamanda bilimsel arastirmanin nasil yirutilecegini 6gretmeyi de icermelidir
gorisu fen egitiminde 6nem kazanmistir. Tlrkiye'de yeni 6gretim programlarinda oldugu gibi (MEB, 2018;
2024) son zamanlarda da uluslararasi alanda yayimlanan egitim reformu belgelerinden bircogu fen
okuryazarli§yi becerilerinin  kazandiriimasi icin derslerde bilimsel modelleri kullanmanin  &neminden
bahsetmektedir (Gilbert ve Justi, 2016; Louca ve Zacharia, 2012; Ministry of Education of Taiwan 2018; Next
Generation Science Standards [NGSS] Lead States 2013). Ornegin Amerika'da hazirlanan Yeni Nesil Bilim
Standartlar (NGSS, 2013) bilimsel model gelistirme ve kullanmayi siniflarda uygulanmasi 6nemli olan sekiz
temel uygulamanin igine dahil etmistir (NRC, 2012). Alman Eyaletleri i¢in zorunlu olan fen egitimi ulusal
standartlar belgeleri fizik, kimya ve biyoloji disiplinleri icin model ve modellemeye iliskin standartlar
icermektedir (Krell vd., 2015). Modeller ve modelleme bilimin ve bilimsel calismalarin merkezinde yer
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almaktadir ve bilimsel modeller bilim egitiminin énemli bir parcasidir. Literatiirde modellerin fen egitimindeki
onemini konu alan, model epistemolojisi (Grosslight vd., 1991; Krell vd., 2014; Treagust vd. 2002) ve
modelleme yaklasiminin uygulanmasi (Chiu ve Lin, 2019; Schwarz vd., 2009) Uzerine ¢ok sayida calisma
bulunmaktadir. Ancak arastirmalarin sonuclar arasinda dikkat cekici farkhliklar rapor edilmistir. Ornegin,
ogrencilerin modelleme uygulamalarini gerceklestirmesi ile model algilar arasinda bir iliski oldugunu 6ne
stren ¢alismalar bulunmaktadir (Schwarz vd., 2009). Modelleme uygulamalari ile 6grencilerin model algilan
arasinda bir iliskinin olmadigini belirten calismalar da bulunmaktadir (Krell vd., 2015; Louca ve Zacharia,
2012). Ayrica bilimsel modellere iliskin Ust diizeyde epistemolojik anlayisa sahip 6grencilerin modelleme
etkinlikleri ve silrecinde daha derin bilissel degerlendirmeler yapabildigini bildiren calismalar da
bulunmaktadir (Gogolin ve Kriiger, 2018; Sins vd., 2009).

Modelleme sadece bilimsel konulari ve dogal olgulari 6grenmeye ve anlamaya yardimci bir arag olarak
degerlendiriimemelidir. Ogrenciler ve 6gretmenler icin  modelleme iletisim kurmak, aciklamak,
degerlendirmek amaciyla kullanilabilecek pedagojik uygulamalar icerir. Boylece 6grenciler model tabanh
ogretim uygulamalari sirasinda, model tasarim sireclerinde problem ¢dzme ve akil yiritme gibi becerileri
kullanabilir. Birbirleriyle iletisim kurabilir ve konuya 6zgl aciklamalar gelistirebilir. Ulusal ve uluslararasi
literatirde yer alan pek ¢ok arastirma (Aktan vd. 2019; Arslan ve Dogru, 2014; Crawford ve Cullin, 2004;
GUmus vd., 2008; Justi ve Gilbert, 2003; Kara, 2019; Metin ve Leblebicioglu, 2015; Oh ve Oh, 2011; Schwarz
vd., 2009; Unal Coban ve Ergin, 2011; Van Driel ve Verloop, 1999) égrencilerin icerik bilgisini desteklemek icin
ve pedagojik amaclarla modellerin kullanilabilecegini ortaya koymustur. Bununla birlikte 6grencilerin kendi
gozlemleri ve ampirik verilerini kullanarak model tasarlamasi, degerlendirmesi ve revize etmesi, tasarladiklari
modellerle ilgili aciklamalar yapmasi fen siniflarinda nadiren gerceklesmektedir (Gogolin ve Kriger, 2018;
Schwarz ve White, 2005; Schwarz vd., 2009). Ogrencilerin modelleri kullanarak aciklama gelistirmesi, modelleri
bilgi Gretmenin bir yolu olarak gérmesi model tabanli 6gretim uygulamalari sonucunda daha kapsamli ve
karmasik gorusler gelistirmesini saglamaktadir (Schwarz vd. 2009). Fen siniflarindaki &gretmenler,
ogrencilerine bilimsel aciklama yapmak icin modelleri siklikla kullanirlar ve 6grencilerden bilimsel aciklama
yapmalari icin modeller olusturmalarini beklerler (Willard ve Roseman, 2010). Yani bilimsel agiklamalar
olusturmak icin model tasarlamak ve kullanmak fen siniflarinda dogal olarak ortaya ¢ikan sureglerdir. Bu
yizden de fen siniflarini gelistirmek ve basariyr artirmak icin, 6grencilerin modellemeye iliskin beceri
dizeylerini ve bu temel becerileri cevreleyen mevcut Ogretmen uygulamalarini karakterize etmek
gerekmektedir. Yapilan ¢alismalar 6grencilerin bilimsel modelleri ve modelleme uygulamalarini anlamalarinin,
bilimsel bilgilerini artirdigini, 6grenme performansi ve &grenmeye olan ilgilerine olumlu etki ettigini
gostermistir (Cheng ve Lin, 2015; Gobert vd., 2011; Schwarz ve White, 2005). Model ve modelleme konusunda
daha tutarli ve daha ayrintili bir anlayisa sahip 6grenciler matematik ve fen bilimleri derslerinde de daha iyi
notlar almaktadir (Krell vd., 2012).

Ote yandan, Nielsen ve Nielsen (2021) modellerin ve modellemenin fen &gretimine entegrasyonunun
zorluguna dikkat cekmektedir. Arastirmacilar bunu baslica iki sebebe baglamaktadir. ilki, égretmen ve
dgrencilerin model ve modelleme ile ilgili bilgilerinin degerlendirilmesindeki zorluktur. ikinci sebep ise
bilimsel model ve modellemenin bilim egitimi programlarinda giderek daha belirgin yer almasi ve bunu
desteleyecek bir program yapisinin gerekliligidir. Ayrica okullarda fen bilimleri dersinde modelleri kullanma,
modellerle 6gretme ve 6grenme konularinda (Harrison ve Treagust, 2000) ve bilimsel modellemenin fen
mufredatina nadiren dahil edilmesi (Van Driel ve Verloop, 1999) gibi 6nemli sorunlar da yasanmaktadir.
Harrison ve Treagust'a (2000) gore ogretmenler ders kitaplari, videolar ve bilgisayar similasyonlari gibi
ogretim materyallerinde yer alan modellerin 6grencilerin zihinlerindeki etkisini ve ne anlama geldigini tahmin
etmekte zorlanmaktadir. C)rnegin, Nielsen ve Nielsen (2021), Danimarka mufredatinda, &gretmenlerin
modelleme yeterliligini benimseyip islevsel hale getirebilmeleri i¢in desteklenmelerinin gerekli oldugunu
vurgulamaktadir. Arastirmalar modellemenin fen siniflarinda bir uygulama olarak benimsenmesine yani
o6gretmenlerin modelleme sireclerini degerlendirebilmesi, yorumlayabilmesi ve islevsel hale getirebilmesi
gerektigine dikkat cekmektedir.

Derslerde bilimsel modelleri kullanmak 6grencilerin derse olan motivasyonunu artirir ancak zaman zaman
ogrencilerin kendi kendilerine ya da grup etkilesimleri sonucu beklenmedik alternatif kavramlari olusabilir
(Harrison ve Treagust, 1996, 2000). Fen egitiminde modeller ve modelleme ile gerceklestirilen arastirmalarin
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onemli bir bolimi ogrencilerin fen egitimindeki model ve modelleme anlayisina odaklanmaktadir
(Bamberger ve Davis, 2013; Cheng vd., 2017; Grosslight vd., 1991; Treagust vd. 2002). Ancak calismalar,
dgrencilerin modellerin fen bilimlerinde ve bilim dlnyasindaki degeri veya roli hakkinda ¢ok sinirli bir
anlayisa sahip oldugunu gdstermistir (Grosslight vd., 1991; Harrison ve Treagust, 1996). Ornegin, ortaokul
seviyesindeki 6grencilerin dnemli bir bolimi modelleri yalnizca bilimsel olaylarin kopyalari olarak goren bir
anlayisa sahiptir (Chen ve Lin, 2015; Grosslight vd., 1991). Fen derslerinde ise genellikle modeller 6grencilere
statik gercekler olarak sunulmaktadir (Van Driel ve Verloop, 1999) ve &grenciler aktif olarak model
olusturmaya ve revize etmeye tesvik edilmemektedir. Bilimsel modellerin dogasinin dnemi 6gretmenler
tarafindan kabul edilse de yapilan calismalar ¢cogu zaman modellerin icerigine ve gorsel unsurlarina
odaklanildigini ve bilimsel modellerin dogasinin g6z ardi edildigini ortaya cikarmistir (Aktan, 2016; Nielsen ve
Nielsen, 2021; Van Driel ve Verloop, 1999).

Ulkemizde de fen egitiminde 2005 yilinda gerceklestirilen miifredat degisikligi ile 6gretim programinda
modelleme konusu daha cok yer almis ve ilerleyen yillarda yapilan degisikliklerle hiz kazanmistir (MEB, 2018).
Ancak, Fen Bilimleri Ogretim Programi'nda modelleme ile ilgili yer alan bilgilerin halen yeterli olmadig
gorilmektedir (Aktan vd. 2019; Ayvaci ve Bebek, 2017). 2024 yilinda yayinlanan Tirkiye YUzyillh Maarif
Modeli'nde (MEB, 2024) 6grencilerin kazanmasi gereken 13 fen bilimleri alan becerisi belirlenmistir ve bu alan
becerileri arasinda bilimsel model olusturma da yer almaktadir. Ogrenim siirecinde acikca 6grencilerin
dogrudan gozlemleyemeyecegi dogal olgular, konular icin modellerden faydalaniimasi gerektigi belirtilmistir.
“Kavramsal igerikle butinlestirilen model olusturma sireci; bilimsel sorgulama ve mihendislik tasarim
dongust dikkate alinarak, glincel 6gretim yaklasim ve ydntemleri ile zenginlestirilerek planlanmahdir”
ifadesine acikca yer verilmistir (MEB, 2024, s. 8). Ogrencilerin modeller araciligiyla distinmelerini saglamak
icin model gelistirme, tasarlama ve degerlendirme gibi Ust seviye modelleme etkinlikleri mifredatimizda
hentz bulunmamaktadir. Ders kitaplarimizda yer alan modellerin dnemli bir kisminin ise fiziksel ve
matematiksel modellerle ilgili oldugu gorilmektedir (Aktan vd. 2019). Literatirde model tabanl 6gretim
uygulamalarinin, mevcut modellerin kullanimindan da 6te, 6grencilerin model gelistirme ve kullanmasini da
icerecek ve onlarin bilimsel modeller veya modelleme uygulamalari hakkindaki anlayislarini gelistirecek
sekilde tasarlanmasi gerektigi savunulmaktadir (Cheng vd., 2014; Cheng ve Brown, 2015; Gilbert ve Justi,
2016; Louca ve Zacharia 2012).

Bu calismada amac ortaokul 6grencilerinin iki farkli midahale olarak, bilimsel model egitimi ve model tabanli
etkinliklerle yuritilen program sonucunda model algilari ve modelleme seviyelerinin nasil degistigini
belirlemektir. Ayrica ortaokul 6grencilerinin bilimsel model anlayislari ile modelleme seviyeleri arasinda bir
iliski olup olmadigi incelenmistir. Calismada Ucl deney (egitim, modelleme, egitim ve modelleme), biri
kontrol grubu olmak tizere dért farkli sube yer almistir. Arastirma kapsaminda “Canlilarda Ureme, Biiylime ve
Gelisme”, "Hucre ve Bolinmeler”, ve "DNA ve Genetik Kod” Uniteleriyle ilgili gelistirilen model tabanli 6gretim
uygulamalarinin 6grencilerin modelleme seviyesi ve modelleme algisi Uizerindeki etkisi nedir sorusuna cevap
aranmaktadir. Bu calismanin alt arastirma sorulari ise su sekildedir:

1. Calismada model tabanli egitim ve etkinlikle ders islenen, geleneksel egitimle ders islenen, yalnizca
model tabanli egitimle ders islenen ve yalnizca model tabanl etkinlikle ders islenen gruplardaki
ogrencilerin model algilarinin gelisimleri arasinda istatistiksel olarak anlamli fark var midir?

2. Calismada deney gruplarinda yer alan; model tabanli egitim ve etkinlikle ders islenen ve yalnizca
model tabanli etkinlikle ders islenen 6grencilerin modelleme seviyesi arasinda istatistiksel olarak
anlamli fark var midir?

3. Calismada yer alan 6grencilerin modelleme seviyeleri ve model algilari arasinda istatistiksel olarak
anlamli bir iliski var midir?

Yontem
Arastirmanin Deseni

Model tabanli egitimin éneminden yola cikarak tasarlanan ve es zamanli karma arastirma (Creswell ve Plano
Clark, 2018) deseninde yiritilen bu calismada, model tabanli etkinliklerle yiritilen derslerin 6grencilerin
model algisi ve modelleme seviyesini nasil etkiledigini arastirmak icin nicel ve nitel analiz yontemleri birlikte
kullanilmistir. Nicel ve nitel verilerin birlikte toplandi§i es zamanli karma yontem deseni, veri kaynaklari ve
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yontem cesitliligi saglayarak arastirma problemlerine daha bitiincil ve kapsamli cevaplar Uretebilmektedir
(Creswell ve Plano Clark, 2018; Leech ve Onwuegbuzie, 2009). Arastirmanin odak noktasi bilimsel modeller ve
bilimsel modellerin dogasi hakkinda egitim verilen, model tasarimi etkinligi yapan 6grencilerin model algilar
ve modelleme seviyelerinin, egitim almayan ve etkinlik yapmayan 6grencilere gore nasil degistiginin ortaya
ctkarilmasina dayanmaktadir. Bundan yola c¢ikarak ogrencilerden bilimsel modelleme ddnglsline goére
modeller tasarlama ve gelistirmeleri istenmistir. Model tasarimi ve modelleme etkinliklerinin sinif icinde
uygulanmasi igin, Khan (2007) tarafindan onerilen, modellerin olusturulmasi, degerlendirilmesi ve
degistiriimesini iceren GEM dongisi (model generation, evaluation and modification) kullaniimistir. GEM
donglsunin ilk basamadi, model olusturma asamasinda, bilimsel bir konu ve problemle ilgili 6grencilere
onceden sahip olduklari bilgi, deneyim ile farkli kaynaklari (6rnedin ders kitabi, Internet gibi basili ve dijital
kaynaklar) kullanarak tartisabilecekleri, fikir alisverisinde bulunabilecekleri bir ortam sunulmustur. Daha sonra
bu slrecte ortaya cikan zihinsel modeller 6grenciler tarafindan cizilerek ve agiklanarak bireysel olarak
tasarlanmis, gelistiriimis ve 6n modeller olusturulmustur. Dederlendirme asamasinda ise ogrenciler
olusturduklari dn modelleri amag ve temsil etme glici (Aktan, 2016) veya dogruluk ve inandiricilik (Schwarz
ve White, 2005) gibi cesitli agilardan degerlendirmektedir. Bdylece kiiclk duzeltmeler yapabilir ve alternatif
tasarimlar gelistirilebilir. Dénglniin son asamasinda, modifikasyon sirecinde modeller revizyona tabi
tutulmustur. Son modellerin tasarlandidi siiregte zaman zaman kiiglik 6lcekli dizeltme ve degisiklikler veya
modeli yeniden olusturmayi gerektiren kapsamli degisiklikler yapilmistir. Kisacasi, model tabanli 6gretim
etkinlikleri sirasinda 6grencilerden yalnizca agiklayici bilimsel modeller olusturmalari icin uygun kavramlari
o6grenmeleri ve kullanmalari degil ayni zamanda kendi modellerini revize etmeleri veya degistirmeleri de
beklenmektedir.

Arastirma siireci boyunca, katilimci gbzlemci olarak gérev yapan birinci yazar, fen bilimleri 8gretmeni olarak
dort subeden verilerin toplanmasi, arastirmanin ve derslerin yuratilmesinde yer almistir. Ortaokul
ogrencilerinin modelleme seviyeleri hakkinda daha kapsamli bir resim elde edebilmek amaciyla arastirmacilar
tarafindan mifredata uygun olarak hazirlanan dort ayrn model tasarim etkinligi calismaya katilan dort
subeden ikisinde (hem etkinliklere katilan hem egitim alan ve sadece etkinliklere katilan subeler)
uygulanmistir (Bkz., Tablo 1). Diger bir subede sadece geleneksel egitimle dersler islenmis, dérdinciisiinde
ise sadece bilimsel modeller ve dogasi Uzerine 6grencilere etkinlikler dncesinde egitim verilmistir. Arastirma
verileri baslica 6grencilerin model algisini ortaya koyan, 6n-son test olarak uygulanan bir 6lcek, 6grencilerin
sorulara cevap verdigi, 6n ve revizyon sonrasi son model tasarimlarini ¢izdigi ve aciklamalarini yazdigi etkinlik
defteri ve de model tasarimlari ile agiklamalarin degerlendirildigi rubriklerden elde edilmistir. Arastirmanin
basinda dgrencilere etkinlik defterleri dagitilmis ve bu defterden toplanan modellere iliskin nitel temalar
nicellestirilmis ve hazirlanan rubriklere gore her birine puan atamasi yapilmistir. Arastirmaya katilan deney ve
kontrol subeleri rastgele atanmis ancak ¢alismanin yirutildiagu okul, 6grenciler uygun 6rneklem yéntemi ile
uygunluklari g6z 6nline alinarak secilmistir (Buylkoztirk vd., 2018; Fraenkel vd., 2012).

Arastirma surecinde farkli veri kaynaklari Gizerinden elde edilen nicel ve nitel verilerden yararlaniimistir:
e Nicel veri kaynaklari (SUMS-TR Olcegi, Model degerlendirme rubrigi).

e Nitel veri kaynaklarn (Etkinlik defteri, model tasarimi ve cizimleri, yazili aciklamalar, gozlem
notlari).

Bu arastirmada 6lcme araci olarak kullanilan Ogrencilerin Bilimsel Model Algi Olcegi (SUMS-TR) orijinal dili
olan ingilizceden cevrilmistir. Orijinal 6lcek Treagust vd. (2002) tarafindan gelistirilmistir; literatiirde cok
sayida inceleme ve arastirmaya konu olmus gecerli, glvenilir bir aragtir. Nicel verilerin analizinde SPSS 23
programi kullanilmistir. Calismanin nitel verileri ise baslica 6grencilerin siireg icerisinde etkinlik defterlerine
yazdiklari metinlerin, yazili aciklamalarin, model tasarimlari ve ¢izimlerinin incelenmesinden (Bkz. Ekler) elde
edilmistir. Veri toplama amaciyla uygulanan, gelistirilen modelleme etkinlikleri ise arastirmacilar tarafindan
tasarlanmis pilot calismalar ve uzman degerlendirmeleri sonucunda dulizenlenerek son halini almistir. Bu
araglardan elde edilen nicel ve nitel veriler yine arastirmacilar tarafindan literatlr dikkate alinarak hazirlanmis
olan rubriklere gore degerlendirilmistir. Bu makalede, arastirmanin nicel verilerinden elde edilen bulgular
paylasiimistir.
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Calisma Grubu

Veriler, 2022-2023 egitim ve 6gretim yilinda Diizce ilinde yer alan bir ortaokulda 6grenim gérmekte olan dort
ayn siniftaki 36'si kiz ve 44'UG erkek olmak lzere toplam 80 6grenciden (83 katihmcinin yer aldigi arastirma
strecinde U¢ o6grenci ayrilmis, verileri analize dahil edilmemistir) toplanmistir. Calisma grubunda yer alan
ogrenciler 7. sinif bahar ve 8. sinif gliz dénemi boyunca izlenmistir. Arastirmanin gergeklestirildigi ortaokul 7.
sinif diizeyinde dort farkl subeye sahip, kolay ulasilabilir ve ilin ortalamasini yansitabilecegdi varsayilmasi
sebebiyle tercih edilmistir. Verilerin toplandigi okul, disik sosyoekonomik diizeylere sahip ailelerin daha
yogun oldugu ve 6grencilerin fen bilimleri dersindeki akademik basari diizeylerinin ilin genel ortalamasi
altinda oldugu bir okuldur. Arastirmada yer alan 6grenciler daha 6nce herhangi bir bilimsel modelleme
egitimi almamis ve bilimsel model konusunda 6grenim gérmemistir. Arastirma 6ncesinde gruplarin 6. siniftaki
fen bilimleri dersi karne notu ortalamalari ANOVA ile karsilastinlmis ve doért grubun akademik basarilari
arasinda istatistiksel olarak anlamli bir fark bulunmamistir. Bunun sonucunda gruplarin denk olduguna karar
verilmis ve calismaya katillan dort subeden Ugli deney biri de kontrol grubu olarak rastgele atanmistir.
Galismanin gruplari ve arastirma tasarimi Tablo 1'de 6zetlenmistir.

Tablo 1. Calismanin Katiimcilari ve Arastirma Tasarimi

Gruplar On-test Deneysel islem Son-test
Deney Grubu 7A (N=21) SUMS-TR Egitim + Etkinlik SUMS-TR
Kontrol Grubu 7B (N=23) SUMS-TR Geleneksel SUMS-TR
Deney Grubu 7C (N=20) SUMS-TR Egitim SUMS-TR
Deney Grubu 7D (N=19) SUMS-TR Etkinlik SUMS-TR

SUMS-TR olcedi calismanin basinda ve sonunda tiim siniflara 6n ve son-test olarak uygulanmistir. Slreg
sonunda veriler degerlendirilirken 6n ve son uygulamalarinin her ikisine birden katilmamis olan ve veri
toplama surecine katilmak icin gonilli olmayan 6grencilerin verileri ¢calismaya dahil edilmemistir. Arastirma
slirecinin basinda A ve C subelerindeki 6grencilere bilimsel modellerin rold, bilimsel modellerin dogasi egitimi
bir kez verilmistir. Bu egitim kapsaminda bilimsel modellerin fen bilimleri ve glnlik yasamdaki kullanim
alanlari, model kullanmanin énemi, modellerin 6zellikleri ve modellerin gesitleri aciklanmis ve cesitli model
ornekleri egitim kapsaminda iki siniftaki toplam 39 6grenciye sunulmustur. A ve C subelerindeki 6grencilere
verilen bu egitim model tasarim etkinliklerinin gerceklestiriimesi icin gerekli degildir. A subesinde hem egitim
hem de modelleme etkinlikleri yapilmis; D subesinde ise sadece modelleme etkinlikleri gerceklestirilmistir. B
ve C subelerinde dersler ders kitabinda yer alan geleneksel plana gore yuritilmuis, model tabanh etkinlikler
yapilmamistir.

Veri Toplama Araclan

Bu arastirmada uzman gorusleri alinarak materyallerin gelistirilmesi, bu materyallerin kagit-kalem etkinligi
olarak 6grencilere uygulanmasi ve bu etkinliklerin 6grencilerin model algisi ve modelleme seviyesi tGzerindeki
etkisinin incelenmesi planlanmistir. Arastirmada Ogrencilerin  model algilarini  6lgmek icin, ilgili
arastirmacilardan izin alinarak SUMS (Students’ Understanding of Models in Science) 06lcedi Tirkceye
uyarlanmistir. Treagust vd. (2002) tarafindan gelistirilen orijinal 6lcek fen egitimi literatliriinde 6ne ¢ikan ve
farkli kiiltirlerde bircok calismada kullanilan bir dlcektir. Olcek ilk olarak ingilizce olarak gelistirilmis Cince,
ispanyolca ve Tirkce olmak tizere farkh dillere cevrilmistir (6rn.,, Campos vd., 2016; Chang ve Chang, 2013;
Cheng vd., 2014, 2019; Derman ve Kayacan, 2017; Everet vd. 2009; Gobert vd., 2011; Park vd. 2017;
Villablanca vd., 2020). Orijinal 6lcek besli (kesinlikle katiliyorum 5, kesinlikle katiimiyorum 1) likert tipi bir
yapidadir ve bilimsel modeller, modellerin dogasi (izerine 27 maddeden olusmaktadir. Olcegin faktdr yapisi
bes temadan olusmaktadir ve guvenilirligi 0.71 ile 0.84 arasinda rapor edilmistir. Bu temalar; coklu temsiller
olarak modeller (CTM), gercegin kopyalari olarak modeller (GKM), agiklama araci olarak modeller (AAM),
modellerin kullanimi (MK) ve modellerin degismesidir (MD). Ancak yapilan uyarlama calismalari sonucunda
Olcegin 24 madde icerdiginde daha yiiksek gegerlik ve glvenirlige sahip oldugu hesaplanmistir. Uyarlanan bu
model yapisi yakin zamanda yapilan cesitli arastirmalar tarafindan da desteklenmistir (Campos vd., 2016;
Cheng ve Lin, 2015; Lazenby ve Becker, 2021; Oliva ve Blanco-Lopez, 2021; Villablanca vd., 2020; Wei vd.,
2014). Bu sebeple arastirmanin verileri 24 maddelik uyarlanan 6lgek lizerinden toplanmistir.
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Calismaya katilan 6grencilere uygulamak Uzere arastirmacilar tarafindan 7 ve 8. Sinif mifredatindan cesitli
Unitelerden 4 farkl biyoloji etkinligi hazirlanmistir. Bu etkinlikler Fen Bilimleri Dersi kapsaminda model
tasarimi ve modelleme etkinlikleri ile ders yapan iki deney grubunda yer alan égrencilere uygulanmstir. ilk
etkinlik olan ¢icek modeli yapalim etkinliginde 6grenciler dncelikle belirli cicek modelini cizerek bélimlerini
adlandirmistir. Bu gibi modeller genellikle orijinal hedefin sekil ve yapisini tasvir etmek icin kullanilan ancak
nadiren de olsa islevleri veya mekanizmalari temsil eden kavramsal ve 6lcekli modellerdir (Coll, 2006; Harrison
ve Treagust, 2000). Ogrencilerin diger (¢ etkinlikte olusturdugu modeller ise modelin dogasina ve altinda
yatan mekanizmalara da odaklanmayi gerektirmektedir (Penner vd. 1997). Mendel kalitimi ve DNA'nin
kendini eslemesi etkinliginde o&grenciler genetik bilginin kodlanmasini ve aktarimini aciklamak igin
fonksiyonel, kavramsal modeller olusturmustur. Son olarak égrenciler hiicre bélinmesi etkinliginde yapilari
tasvir etmek igin Olcekli modeller ve kavramsal etkilesimleri analiz etmek igin fonksiyonel modeller
tasarlamistir. Calisma kapsamindaki etkinliklerin Giniteleri ve konularinin kapsami asagida sunulmaktadir;

e 7.Sinif, Hiicre ve Béliinmeler Unitesi, 1. Etkinlik Hiicre Béliinmesi Etkinligi (HBE),

e 7. Sinif, Canlilarda Ureme, Biiyiime ve Gelisme Unitesi, 2. Etkinlik Cicek Modeli Yapma Etkinligi
(CMYE),

e 8.Sinif, DNA ve Genetik Kod Unitesi, 3. Etkinlik DNA'nin Kendini Eslemesi Etkinligi (DNA-E),
e 8.Sinif, DNA ve Genetik Kod Unitesi, 4. Etkinlik Mendel Kalitimi Etkinligi (MKE).

Ogrencilerin ¢izimleri ve aciklamalari ile aktarilan 'zihinsel modelleri', hedef olgunun icsel bir temsilini ifade
etmektedir. Ogrencilerin én ve revize edilmis son modellerini degerlendirmek icin kullanilan “Ogrenci
Modellerini Degerlendirme Rubrigi (OMDR)” Pluta ve digerlerinin (2011) calismasindan yola cikarak,
literatirde yer alan farkli ¢alismalar da g6z 6niinde bulundurularak (Cheng ve Brown, 2015; Cheng ve Lin,
2015; Cheng vd. 2017, 2019; Grosslight vd., 1991) arastirmacilar tarafindan gelistirilmistir (Bkz. Ekler).
Ogrencilerin modelleri modelin amaci, modelin bilesenleri ve modelin iletisim unsurlari olmak (zere (g
baslikta degerlendiriimektedir: Modelin Amaci (tasarimda modelin amaci, 5 kriter 0-15 puan); Modelin
Bilesenleri (tasarlanan modelin bilesenleri, 5 kriter 0-15 puan); Modelin iletisim Unsurlari (tasarlanan modelin
iletisim unsurlar, 4 kriter, 0-12 puan).

Verilerin Analizi

Arastirma slrecinde tim katimcilara tanimlayici kodlar (sinif, cinsiyet, etkinlik vb., 6rnegin DBBK) verilmis,
toplanan tiim veriler sistematik olarak kayit altina alinmistir. OMDR ve SUMS-TR &lceginden, model
tasarimlari, cizimler ve agiklamalarin yer aldigi etkinlik defterlerinden elde edilen 6n ve son veriler kontrol
edilerek bilgisayar ortamina (MS Word, MS Excel, SPSS dosyalarina) aktarilmistir. Analizler 6lcek ve rubrik
toplam ve alt puanlan Uzerinden gergeklestirilmistir. Toplanan nicel veriler kayip veriler, normal dagihm ve
carpiklik gibi kriterler yonlinden incelenmistir. Sinif ici ve siniflar arasi verilerin karsilastiriimasi ve
incelenmesinde betimsel analiz ve parametrik testlerden (bagimh ve bagimsiz t-testi, tek yonli ANOVA)
yararlanilmistir.

OMDR kapsaminda (¢ ayri boliimde yer alan kriterler, disiik seviyeden yiiksek seviyeye kadar degisen (ic
dizeyde siniflandinimistir. Eger bir alt bolimde yer alan ilgili gdsterge ve kriter o modelde, mevcut degil,
degerlendiriimesi imkansiz veya anlasiimiyor ise 0 puan izerinden degerlendirilmistir. ilgili gdsterge veya
kriter var ancak belirsiz, tam olarak tanimlanmamis ve eksik ise 1, ilgili gosterge veya kriter var, anlasilir ve
acikca belirtilmis, tanimlanmis ise 2 ve ilgili gdsterge veya kriter var, birden fazla anlasilir tanimlama verilmis;
olgu veya problemin neden ve nasil oldugu, gelistigi, temsil edildigi belirtiimis ise 3 puan Uzerinden
degerlendirme yapilmistir. Ornegin, modelin amaci alt boyutunda 5 kriter (aciklama, tanimlama, temsil
etme/gdsterme, cevaplama ve veri) yer almaktadir. Bir 6grenci modelinde bu boélimden alinabilecek puan
araligi 0-15 arasinda degismektedir. Modelin bilesenlerinin kalitesinin ve yeterliliginin degerlendirildigi
modelin bilesenleri alt boyutu da 5 kriterde (resimler, kelimeler, diyagramlar, etiketler ve c¢izimler)
incelenmektedir. Bu bélimden de her bir kriter icin en fazla 3 puan olmak lzere alinabilecek toplam puan 0-
15 arasinda degismektedir. Modelin iletisim unsurlari alt boyutu ise 4 kriterde (netlik, organizasyon,
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iliskilendirme ve akil ylrtitme) degerlendirilmistir ve alinabilecek puan araligi 0-12'dir. Bir 6grenci modelinin
toplamda alabilecegi deger 0-42 puan araliginda degismektedir.

Ogrenci Modellerinin Puanlanmast Ornegi

Derslerin yalnizca model tasarimi ve modelleme etkinligi ile yurittldigi D subesinden bir 6grencinin CMYE
etkinliginde cizdigi bilimsel cicek modeli tasarimi Sekil 1'de gériilebilir. Ogrencinin bu tasarimi modelin amaci
alt boyutundan 11, modelin bilesenlerinden 15 ve modelin iletisim unsurlarindan 8 olmak tzere toplamda 34
puan almistir.
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Sekil 1. D Subesi Deney Grubunda Yer Alan Bir Ogrencinin Cicek Modeli

Ornegin bu 6grenci, Modelin Amact alt boyutunda, Aciklama kriterinden puan alamamistir. Ogrencinin
incelenen modelinde cicegin yalnizca bolimleri gosterilmis ancak olgu veya problemin nasil ve nigin
olduguna dair bir aciklama yapilmamistir. Modelde cicegin bolimleri gosterilmis ancak bu bdlimlerin
gorevlerine ya da birbiriyle olan iligkilerine dair bir aciklama yapilmamistir. Modelde herhangi bir aciklama
bulunmadigi kabul edilerek 0 puan Uzerinden degerlendirilmistir. Tanimlama: Model cicekte yer alan
bolimlerin aslinda tam olarak nasil oldugunu tanimlayan bir goriintiinin égrencinin zihninde olustugunu
gostermektedir. Modelde ¢icegin bolimlerinin dnemli bir kismi bulunmakta ve bu bélimlerin isimleri dogru
sekilde tanimlanmaktadir. Model cicedin yapisina ve igerigine tam olarak uygundur. Bu bilimsel model
tanimlama kriterini tam olarak karsiladigindan 3 puan Uzerinden degerlendirilmistir. Temsil etmek: Model
cigegin icerigini, temsilini tam olarak gostermektedir. Model ona bakan bir diger kisinin onun bir cicek modeli
oldugunu ve bdlimlerinin neler oldugunu rahatca anlayabilecedi sekilde tasarlanmistir. Modelin tasarimi,
cizimi veya plani hedefe oldukca yakin bir temsil sunmaktadir. Burada beklenen birebir benzerlik degildir.
Model fonksiyonel ve yapi olarak amaciyla 6rtiismektedir. Modelde yer alan kisimlar 6grencilere verilmek
istenen hedefi tim yénleriyle temsil ettigi icin 3 puan (zerinden degerlendirilmistir. Cevaplamak: Ogrencinin
modeli ¢icedin hangi bdlimlerden olustuguna ve bu bélimlerin ne sekilde bir araya geldigine yanit
vermektedir. Ancak bu bolimlerin gorevlerini nasil yaptigina ve ne Urettigine dair bircok soruya cevap
vermemektedir. Model bir seyin nasil, nicin, ne kadar oldugu gibi sorulara, yanit vermiyorsa 0, belirsiz ve eksik
bir yanit sunuyorsa 1, anlasilir ve agik bir yanit varsa 2, birden fazla yanit varsa 3 puan Uzerinden
degerlendirilmistir. Burada model cicegin bolimlerinin hangi kisimlardan olustuguna ve bu bdlimlerin nasil
bir araya geldigine dair bilgi vermektedir ve 2 puan Uzerinden degerlendirilmistir. Veri: Modelde yer alan
tanimlamalar cicekle ilgili verileri desteklemektedir. Tanimlamalar dogru, birden fazla acik ve anlasilir veri
icerdigi icin 3 puanla degerlendirilmistir.

Modelin Bilesenleri alt boyutunda Resimler kriterinden 3 puan almistir. Modeli olusturan gizimler nettir, bltlin
bolumler agikca ayrilmistir. Cicegin bdlimlerinin nasil oldugu, ne sekilde bir araya geldigini acik belirten
resimler yer almaktadir. Kelimeler: Modelde yer alan kelimelerin tamami dogru degildir ve bazi kelimeler
uygun yerlere yazilmamistir. Ornegin égrenci erkek organ kisminda bascik ve sap¢igi yanhs gdstermistir.
Ancak bunun disinda modelde anlasilir ve agikga belirtilmis tanimlanmis birden fazla kelime bulundugundan
bu boélimde 3 puanla degerlendirilmistir. Diyagramlar: Bu kriter bilimsel modelin kendisinin bir diyagram
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olarak degerlendirildigi kriterdir. Kelimeler aciklamalar arasindaki iliskilerin bir diyagram olarak
degerlendirilmesi sonucunda bu modelde 6grenci, cicek modelinde disi organin bdlimlerini gdsterip bunlari
birbirine dogru bir sekilde baglamistir. Bu sekilde birden fazla dogru iliskilendirmeler oldugu icin de 3 puanla
degerlendirilmistir. Etiketler: Modelde yer alan kisimlara ait isim etiketlerinin yerlerinin isimlerinin
degerlendirildigi kriterdir. Modelde okla isaret edilen bolimler etiket olarak tanimlanmistir. Model (zerinde
okla isaret edilmis bir yer yoksa 0 puanla degerlendirilmistir. Modelde 6grenci bir yeri okla belirtmis ancak
isimlendirmemis ise o yerin digerlerinden farkli oldugunu bildigi veya ismini tam olarak bilmedigi seklinde
yorumlanmistir. Ogrenci bu modelde birden fazla acik anlasilir isaretlenmis, ok ile etiketlendirme yapmis ve 3
puan almistir. Cizimler: Modelde yer alan her tirll cizim ve sembollerin degerlendirildigi kriterdir. Modelde
anlasilir dogru bir ¢izim yok ise 0, bir tane belirsiz veya tam olarak tanimlanmamis eksik ¢izim varsa 1, anlasilir
ve acikca belirtilmis, tanimlanmis dogru bir gizim var ise 2, birden fazla anlasilir dogru gizim var ise 3 puan
olarak degerlendirilmistir. Ogrencinin modelinde 9 tane ok yer almaktadir ve nereyi gésterdigi tam olarak
bellidir. Dolayisiyla 3 puan lzerinden degerlendirilmistir.

Modelin lletisim Unsurlart alt boyutu da benzer sekilde puanlanmistir ve 4 kriterde incelenmektedir. Netlik
kriteri bilimsel modelin baskalar tarafindan ne kadar net anlasilabileceginin degerlendirildigi kriterdir.
Modelde vyer alan etiket, kelimeler, resimler ve diyagram gibi 06gelerde eksikler olup olmadig
degerlendiriimektedir. Ogrencinin modelinde yer alan erkek organ ve sapcigin yerleri yanlis gosterilmis olsa
da modelde yer alan etiketler, kelimeler, resimler net olarak anlasilmaktadir ve li¢ puanla degerlendirilmistir.
Organizasyon: Model tasariminda belirgin bir organizasyonun bulunup bulunmadiginin degerlendirildigi
kriterdir. Model tasariminin organize ve dizenli olup olmadigina bakilir. Ogrencinin modelinde yer alan
cicege ait organlarin bélimleri ayri ayri iliskilendirilmistir. Ornegin disi organ bulunan tepecik, disicik borusu
ve yumurtalik ayri ayri oklarla ve dogru bir organizasyonla iliskilendirilmis ancak erkek organin organizasyonu
hatalidir. Bu kriterden 2 puan verilmistir. iliskilendirme: Modelde cicegin bélimleri ile ilgili birden fazla net
iliskilendirmeler olup olmadiginin degerlendirildigi kriterdir. Modelde yer alan tim iligskilendirmeler eksiksiz ve
net oldugundan 3 puan Uzerinden degerlendirilmistir. Ak Yiiriitme: Modelin bélimlerinin altinda yatan
mekanizmalarin ve modelde yer alan bdlimlerin fonksiyonlari Uzerine akil ytritmelerin  bulunup
bulunmadiginin degerlendirildigi kriterdir. Cicek modelinde yumurtaligin icerisinde tohum taslagi ¢izilmis ayri
bir yapi olarak gosterilmis ancak yumurtaliktan ayri tanimlanmamistir. Modelde ¢icegin kisimlari kismen
dogru gosterilmis ve dogru iliskilendirilmistir. Cicekte yer alan bdlimlerin fonksiyonu ve cicek icerisinde
yaptigi gérevlere dair herhangi bir bilgilendirme sunulmamistir. Ornegin 8grencinin déllenmeden sonra
tohumu olusturacak olan tohum taslagini ¢izdigi ancak buranin ismini yazmadigi yumurtaligin bir kismi olarak
gosterdigini ve fonksiyonunu belirtmedigi gortlmektedir. Ancak bu akil ylritme tam dogru ve eksiksiz
degildir. Erkek organin bolimleri yanlis gdsterilmis, fonksiyonu ve gorevine iliskin akil yiritmeye yer
verilmemistir. Ornegin erkek organin bascik kisminda polen Uretildigi ve bu polenin Gremede gérev yaptigina
dair bir akil yuritme yoktur. Yine, tag yapraklarin bocekleri cekmek icin renkli ve glizel kokulu oldugu veya
gorevine iliskin bir vurgulama yapiimamistir. Ogrencinin modeli bu kriterden puan alamamistir.

Gegerlilik ve Giivenilirlik

Arastirma surecinin, verilerin ve sonuglarinin gecerliligi ve guvenilirligi arastirma sorularina anlamli, test
edilebilir ve tekrarlanabilir bilimsel cevaplar tretebilmek icin énemlidir (Creswell ve Plano Clark, 2018). Bu
arastirma oOncesinde gerekli izinler alinmis, literatiire dayali olarak gelistirilmis veri toplama araclar ve
etkinliklerin uzman ve 6gretmen gorusleri dikkate alinarak pilot uygulamalarla test edilmesi saglanmistir.
Bilimsel modeller ve modelleme egitimi ve model tabanh etkinliklerin icerigi, hazirlanmasi igin ilgili uzman
gorusleri Gg¢ arastirmaci, Tark Dili alanindan iki dgretmen ve bir fen bilgisi 6gretmeninden elde edilmistir.
Alinan geri dondtler sonucunda gerekli dizeltmeler yapilarak etkinliklere son hali verilmistir. SUMS 6&l¢egin
Tirkgeye uyarlanma sirecinde Beaton vd. (2000) tarafindan dnerilen adimlar izlenmis, ceviri-ters geviri teknigi
uygulanmistir. Uc alan, iki Tirkce ve iki ingilizce dil uzmanin kontroliinde hazirlanan élcek anlasilabilirlik,
uygulanabilirlik ve i¢ gecerlik agisindan bir grup 6. sinif 6grencisiyle (N = 55) test edilmistir (Cronbach alfa =
0.852). Son asamada farkli bir populasyon ve sinif diizeyinden (5-7. Siniflar) katiimcilarla (N = 276; x2/df =
1.475, CFl = 0.951, TLI = 0.947, RMSEA = 0.042) SUMS-TR &lgeginin psikometrik ozellikleri ve dogrulayic
faktor analiziyle (Mplus 7) yapi gecerliligi incelenmistir (Cronbach alfa = 0.884).
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Ayrica OMDR'nin gelistirilme siirecinde ve nitel verilerin kodlanmasinda arastirmacilar arasi uyum istatistikleri
hesaplanmistir. iki siniftan elde edilen 6grenci modellerinin %10'u rastgele secilerek arastirmacilar tarafindan
bagimsiz olarak kodlanmistir. Kodlayicilar arasi glvenilirlik Krippendorff'un alfa testi ile belirlenmistir (Hayes
ve Krippendorff, 2007). Son model toplam puanlari tizerinden elde edilen sonug (o = 0.880) arastirmacilarin
ayni fikirde oldugu ve ideal olarak uyum yakaladigini (o > 0.80) gdstermistir. Arastirmada kullanilan rubrigin
gelistirilme stirecinde de alan uzmanlari ve 6gretmenlerden destek alinmistir.
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Bulgular

Bu bolimde arastirma sorularina yonelik elde edilen bulgular ve yorumlara yer verilmektedir. Bilimsel
modeller ve bilimsel modellerin dogasi hakkinda egitim verilen ve model tabanli 6gretim etkinliklerinin
uygulandigi deney grubu 6grencileri ile 6gretim programinin 6ngérdigu bicimde geleneksel 6gretim yapilan
kontrol grubu 6grencilerinin modelleme algilari ve modelleme seviyeleri arasinda anlamli bir fark olup
olmadigi ile ilgili bulgular ve yorumlardan sirasiyla bahsedilmistir. Egitim verilen iki deney grubunda (A ve C
subeleri) egitimin siresi iki ders saatini almistir. Modelleme etkinligi yapan siniflarda (A ve D subeleri) ise her
bir etkinlik iki ders sirmistir. Analizlere yalnizca 6n ve son modelleri tamamlayan ve model algisi 6n ve son-
test sonucu bulunan o6grenciler dahil edilmistir. Calismanin gerceklestirildigi okuldaki devamsizhigin ve
ogrenci sirkllasyonunun ylksek olmasi nedeniyle iki siniftan (A ve D) toplamda 306 6n ve son model verisi
elde edilebilmistir.

Ogrencilerin Model Algilarina iligkin Bulgular

Bu calismanin birinci arastirma sorusu, deney ve kontrol grubu 6grencilerinin modelleme algilari arasinda
slirecin basinda ve sonunda istatistiksel olarak anlaml fark olup olmadigini arastirmaktadir. Bu bdlimde
ogrencilerinin  modelleme algilari arasinda farklilik olup olmadigini anlamak igin, SUMS-TR &lcegi
kullanilmistir. Calismada U¢ deney ve bir kontrol grubunda model tabanh egitim ve etkinlikle ders isleyen A
subesinden 20, geleneksel egitimle ders isleyen B subesinden 23, yalnizca model tabanl egitimle ders isleyen
C subesinden 19 ve yalnizca model tabanl etkinlikle ders isleyen D subesinden 18 olmak Gzere toplam 80 6n
ve son-test verisi toplanmistir. Bu 6grencilerin 36's1 kiz 44'UG erkektir. Subelerde yer alan 6grencilerin sayilari
ve Olcek 6n-son test puan ortalamalarina ait betimsel istatistikleri Tablo 2'de verilmistir.

Tablo 2. SUMS-TR Olcegi Puan Ortalamalarinin Siniflara Gére Dagilimi

Subeler n % Xon (SS) Xson (SS)

A (Egitim + Etkinlik) 20 25.0 3.43(0.23) 3.32(0.42)
B (Geleneksel) 23 28.7 3.30 (0.28) 3.28 (0.24)
C (Egitim) 19 23.8 3.34 (0.25) 3.37 (0.21)
D (Etkinlik) 18 225 3.05 (0.38) 3.32 (0.49)
Toplam 80 100.0 3.29 (0.31) 3.32 (0.35)

Tdm gruplarin 6n ve son-test puan ortalamalar incelendiginde, gruplarin model algisinda buylk
farklilasmalar olmadigi, ancak bazi subelerde dikkat ceken degisikliklerin oldugu goérilmustir. Geleneksel
egitim alan B subesinde model algisinda hafif bir disls yasanirken, egitim ve etkinliklerin yer aldigi A
subesinde ise daha belirgin bir disls gozlenmistir. Bununla birlikte, model algilarina ait son-test puanlarinda
egitim yapilan C subesinde kuglk bir artis ortaya ¢ikmis; model tabanli etkinliklerin yapildigi D subesinde ise
cok daha buyuk artis gdzlenmistir.

Tim subelerdeki 6grencilerin sube bazinda model algisi puanlarinin normalligi icin carpiklik basiklik
degerlerine, Kolmogorov-Smirnov ve Orneklem sayisinin az olmasi nedeniyle Shapiro-Wilk testlerine
bakilmistir. Tabachnick ve Fidell'e (2013) gore carpiklik basiklik degerlerinin +1.5 ile -1.5 arasinda bulunmasi
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dagilimin normal oldugunu go&stermektedir. Sadece C subesinin son-test basiklik degeri (2.44) haric, tim
siniflarin 6n ve son-test model algisi puanlarinin basiklik (-0.88 ile 1.58) ve carpiklik (-1.16 ile -0.09) degerleri
genel olarak uyumludur. Ayrica tim subelerin 6n-test ve son-testlerinden elde edilen degerler (p > .05) puan
dagihminin normal dagiimdan belirgin bir farklilik géstermedigini ortaya koymustur. Tim siniflardan SUMS-
TR olcegi kullanilarak toplanan 6n ve son model algisi puanlarinin ortalamasi ANOVA ile analiz edilmistir
(Tablo 3). SUMS-TR 6lceginden elde edilen verilerin Levene testi sonuglarina gore test istatistigi 1.791 ve p =
0.156 degeri (p > 0.05) gruplar arasinda varyanslarin homojen oldugunu gdstermektedir.

Tablo 3. SUMS-TR On-Test ve Son-Test Puanlarina Ait ANOVA Sonuclari

Karelerin Toplami  SD  Karelerin Ortalamasi F p n?
Gruplar arasi 1.499 3 0.500
On-test  Grup ici 6.434 76 0.085 5901  0.001 0.188
Toplam 7.932 79
Gruplar arasi 0.067 3 0.022
Son-test  Grup ici 9.779 76 0.129 0174 0913 0.006
Toplam 9.846 79

Tablo 3'de yer alan sonuglar incelendiginde, farkli uygulamalarin yapildigi siniflardaki 6grencilerin istatistiksel
acidan anlaml bir farkin 6n-test puanlarinda bulundugu belirlenmistir (F(3, 79) = 5.901; p = 0.001). Gruplar
arasindaki bu farkin hangi siniftan kaynaklandigini tespit etmek icin c¢oklu karsilastirma testlerine
basvurulmustur. Ogrencilerin én-testlerine ait varyanslar esit olup ve grup sayilar esit olmadigi icin LSD testi
uygulanmistir. Test sonuglarina gére D subesinin puani, A subesi (p = 0.000, %95 GA = [-0.5725, -0.1960]), B
subesi (p = 0,008, %95 GA = [-0.4335, -0.0687]) ve C subesinden (p = 0,004, %95 GA = [-0.4785, -0.0973])
farklilasmaktadir. Diger taraftan, ANOVA analizi son-test sonuglari incelendiginde ise, farkli uygulamalarin
yapildigi siniflardaki 6grencilerin puan ortalamalari arasinda istatistiksel agidan anlaml bir farkin bulunmadig
belirlenmistir (F(3, 79) = 0.174; p = 0.913).

Ayrica, tim siniflarin SUMS-TR 6lceginden elde ettikleri model algisi puanlarinin sube icinde bir farkhilasma
gosterip gostermedigi bagiml 6rneklem t-testi ile incelenmistir. Sonuglar A subesi icin SUMS-TR 6n-test ve
son-test ortalama puanlarinin anlamlilik degerlerinin 0.05 degerinden yiiksek oldugunu; modelleme
etkinlikleri yaptirilan ve modelleme egitimi verilen bu grubun 6grencilerinin model algilarinin degismedigini
gostermektedir (p > 0.05). Benzer sonuglar sadece modelleme etkinlikleri yapan D (p > 0.05) ve sadece
bilimsel model egitimi alan C (p > 0.05) subesinde de gozlenmistir. Beklendigi (izere, geleneksel egitimin
uygulandigi B subesinin 6grencilerinin model algi puanlarinda da bir farklilik (p > 0.05) bulunmamaktadir.
Sonug olarak A, B ve C subelerinin 6n ve son-test model algisi ortalama puanlarinda belirgin bir farklilik
bulunmazken, D subesi puanlarinda dikkat cekici bir artis (Xon = 3.05, SS = 0.38; Xson = 3.32, SS = 0.49)
go6zlenmistir. Tium deney gruplarinin model algilarinda bir fark gézlemlenmemesi dikkat cekici olsa da
literatlirde benzer sonuclar rapor edilmistir (Cheng ve Lin, 2015; Cheng vd., 2019; Krell vd., 2015; Villablanca
vd., 2020). Literatlirde rapor edilen degisken sonuglara paralel olarak elde edilen bu bulgular daha fazla
arastirmanin gerekliligini ortaya koymaktadir. Bulgulari dikkate alindiginda, calisma grubunun yapisi ve sinirli
sayida Ogrenci icermesi, arastirma siireci ve veri toplama araclari gibi cesitli faktorler bulgular etkilemis
olabilir.

Ogrencilerin Modelleme Seviyelerine iliskin Bulgular

Bu calismanin ikinci arastirma sorusu, iki deney grubu (A ve D subeleri) 6grencilerinin tasarladiklart modellerin
seviyesi arasinda istatistiksel olarak anlamli fark olup olmadigini arastirmaktadir. Ogrencilerin model
tasarimlari rubrik puanlarina gore degerlendirilmistir. Calismada, bilimsel modeller hakkinda egitim alan ve
model tasarim etkinligi ile ders isleyen A subesinden 78 6n ve 78 son model olmak lzere toplam 156 model
verisi (%50.6) toplanmistir. Yalnizca model tasarim etkinligi ile ders isleyen D subesinden ise 76 6n ve 76 son
model olmak Uzere toplam 152 model verisi (%49.4) toplanmistir. Calisma kapsaminda toplam 308 model
verisi degerlendirmeye tabi tutulmustur. A ve D subelerinde bulunan 6grencilerin dért initenin tamaminda
tasarladigi bilimsel modellerin 6n ve son genel puanlarinin ortalama ve standart sapmalarina iliskin degerler
Tablo 4'de verilmistir. Her iki subede de 6n ve son modelleme seviyelerine iliskin ortalama puanlarinda
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belirgin bir artis s6z konusudur. Puanlardaki bu artisin modelleme seviyelerinin hangi boyutuyla iliskili
oldugunun tespit edilmesi énemlidir (Tablo 5).

Tablo 4. Ogrencilerin Sinif Bazinda Genel Modelleme Seviyelerine iliskin Ortalamalari

On Model Puani Son Model Puani
Subeler X (SS) X (SS)
A (Egitim + Etkinlik) 0.3373 (0.281) 0.3919 (0.321)
D (Etkinlik) 0.3747 (0.295) 0.4586 (0.315)

A ve D subesi modelleme seviyelerine iliskin puanlar model boyutlari (modelin amact, modelin bilesenleri ve
modelin iletisim unsurlart) bakimindan bagimh 6rneklem t-testi ile analiz edilmis ve sonuglar Tablo 5'de
sunulmustur.

Tablo 5. Model Boyutlarina iliskin Puanlarin Bagimli Orneklem T-Testi ile Karsilastirimasi

Sube Model boyutlari Xon - son SS t df p
Modelin amaci -0.0837 0.3284 -2.252 77  0.027*
A Modelin bilesenleri -0.0478 0.3461 -1.221 77 0.226
Modelin iletisim unsurlari -0.0267 0.3622 -0.651 77 0.517
Genel model puani -0.0546 0.3243 -1.488 77 0.141
Modelin amaci -0.0842 0.3237 -2.268 75  0.026*
Modelin bilesenleri -0.0719 0.3433 -1.826 75 0.072
D Modelin iletisim unsurlari -0.0986 0.3329 -2.584 75 0.012*
Genel model puani -0.0839 0.3083 -2.374 75  0.020*

* < 0.05

A subesinin bagimli érneklem t-testi sonuglari genel model puanlari ortalamalari (Xon - son = -0.0546, SS =
0.3243) arasinda anlamli bir fark olmadigini géstermistir (t(77) = -1.488, p > 0.05). Ayrica, modelin bilesenleri
(Xon - son = -0.0478, SS = 0.3461) ve modelin iletisim unsurlari boyutlarinda (Xon - son = -0.0267, SS = 0.3622)
da anlamli bir fark olmadigi gortlmektedir (p > 0.05). Ancak A subesi model puanlarinin, modelin amaci
boyutunda anlamli bir farkhlik gésterdigi (Xon - son = -0.0837, SS = 0.3284) gérilmistir (t(77) = -2.252, p <
0.05, d = 0.2516). Ote yandan modelin amaci boyutuna iliskin gézlenen farkin etki biyikliginin zayif oldugu
gorulmektedir.

D subesinde ise sonuglar genel model puan ortalamalariyla (Xon - son = -0.0839, SS = 0.3083; t(75) = -2.374, p
< 0.05, d = 0.2601) birlikte modelin amaci (Xon - son = -0.0842, SS = 0.3237; t(75) = -2.268, p < 0.05, d =
0.2601) ve modelin iletisim unsurlari (Xon - son = -0.0986, SS = 0.3329; t(75) = -2.584, p < 0.05, d = 0.2963) alt
boyutlarinda da anlamh bir farklilhk ortaya cikarmistir. Ancak s6z konusu farklarin etki blyukliguinin zayif
oldugu gérilmektedir. D subesinde modelin bilesenleri alt boyutu ortalamalar (Xon - son = -0.0719, SS =
0.3433) arasinda ise anlamli bir fark yoktur (p > 0.05).

A ve D subeleri arasinda baglica fark bilimsel modeller ile ilgili verilen egitimdir. Ogrencilerin modelleme
seviyelerine iliskin ortalama puanlarin subeler arasinda degisip degismedigini belirlemek icin bagimsiz
orneklemler t-testi uygulanmis ve analiz sonuglar Tablo 6'da sunulmustur.
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Tablo 6. A Ve D Siniflarinin Model Boyutlarina iliskin Ortalama Puanlarinin Bagimsiz Orneklem T-Testi

Sonuglari

Model boyutlari Sube N X SS t df p

On-modelin amaci g ;2 gg;;l 8;338 -1.651 146.5  0.101
On-modelin bilesenleri g ;2 gji;g 8;255;81 -0.625 152 0.533
On-modelin iletisim unsurlari g ;2 g;zgz 8;22; 0.114 152 0.909
Genel 6n-model puani g ;2 ggi;i 8;2;2 -0.804 152 0423
Son-modelin amaci g ;2 82232 8;;32 -1.399 152 0.164
Son-modelin bilesenleri g ;2 gggii gggig -1.036 152 0.302
Son-modelin iletisim unsurlari g ;2 8:2;2 ggggi -1.314 152 0.191
Genel son-model puani g ;2 822;2 gg?;g -1.300 152 0.196

Bagimsiz 6rneklemler t-testi sonucglari A ve D subesinin 6n ve son model tasarimlari agisindan
karsilastirildiginda, her iki subenin model boyutlarina ait verilerde istatistiksel olarak anlamli bir farklilik
go6zlenmemistir (p > 0.05). A ve D subelerin modelleme seviyelerinde elde edilen ortalama puanlar biyuk
oranda benzerdir. Her iki subede de en yilksek ortalama modelin bilesenlerinde elde edilmis; yine en dislik
ortalama modelin iletisim unsurlarinda gozlenmistir. Sadece model tasarim etkinlikleri yapan D subesiyle
karsilastinldiginda, hem egitim alan hem de model tasarim etkinliklerini yapan A subesine verilen egitimin bir
fark olusturmadigi gortlmektedir. Bu sonuclar ayni zamanda A ve D subesindeki 6grencilerin modelleme
seviyelerinde belirgin bir farkllasma bulunmadigini ya da istatistiksel olarak ortaya c¢ikmadigini
goOstermektedir. Ortaokul 6grencilerine bilimsel modeller ve bilimsel modellerin dogasi hakkinda verilen
egitimin onlarin modelleme seviyeleri lzerinde herhangi bir etkisi olmayabilir. Bu sonuglar ileri arastirmalarla
daha detayl incelenmelidir.

Ogrencilerin Modelleme Seviyesi ve Model Algisi Arasindaki iliskiye Dair Bulgular

Bu calismanin Gglincl arastirma sorusu, deney ve kontrol grubu 6grencilerinin modelleme seviyeleri ve model
algisi arasinda bir iliski olup olmadigina odaklanmaktadir. S6z konusu iliskinin belirlenebilmesi amaciyla
Pearson korelasyon analizleri yapilmistir. Sonuglar 6grencilerin model algisi ile modelleme seviyesi puanlari
arasinda belirgin bir iliski bulunmadigini (r(80) = -0.169, p > 0.05) gdstermektedir. Sekil 2'de ise bilimsel
modellerin anlasiimasina iliskin SUMS-TR 6lceginden elde edilen 6n ve son-test ortalama puanlarin temalara
gore dagilimi yer almaktadir. Gergegin kopyalari olarak modeller (Xekm = 2.36) hari¢ diger dort temada (CTM,
coklu temsiller olarak modeller; AAM, aciklama araci olarak modeller; MK, modellerin kullanimi; MD,
modellerin degismesi) katiliyorum yaniti gegerli yanittir. Bu sonug ortaokul 6grencilerinin bilimsel modellerin
hedef olgularin tam bir kopyasi olup olmadigindan emin olamadiklarini gostermektedir. En yiiksek
ortalamaya sahip temalar, sirasiyla AAM (Xaam = 3.80) ve MD (Xmp = 3.68) olmustur. Bu sonuglar 6grencilerin,
bilimsel modelleri bir aciklama araci olarak degerlendirdiklerini géstermektedir. Ortaokul 6grencileri bilim
insanlari tarafindan dogal olaylar agiklamak icin modellerin kullanildigini ve modellerin degisebilecegini
distinmektedir.
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3,6641 3,8050 3,6125 3,6875

2,3643

CTMM GKM AAM MK MD

Sekil 2. SUMS-TR Olceginden Elde Edilen Bes Temaya iliskin Ortalama Puanlar

Calismaya katilan 6grencilerin model algisi temalari ve modelleme seviyesi genel puanlari arasinda bir iliski
olup olmadigini arastirmak amaciyla korelasyon analizleri yapiimistir (Tablo 7). Sonuglar 6grencilerin bilimsel
model algisi temalari ile modelleme seviyeleri genel puanlari arasinda bir iliski bulunmadigint (p > 0.05)
goOstermektedir.

Tablo 7. Ogrencilerin Bilimsel Model Algisi ile Modelleme Seviyesi Arasindaki iligki

CT™M GKM AAM MK MD
r -0.050 -0.101 -0.141 -0.002 0.146

Modelleme Seviyesi p 0.657 0.375 0.213 0.983 0.197
N 80 80 80 80 80

Ayrica 6grencilerin model algilarina iliskin temalarla modelleme seviyeleri genel puanlari karsilastiriimis, test
sonugclari anlamli farkhilklar olmadigini gostermistir. Sonug olarak, arastirmanin bulgular dikkate alindiginda
model tabanl dgretim etkinliklerinin biyoloji alaniyla iliskili olmasi, calisma grubunun sinirli sayida égrenci
icermesi, veri toplama araglari kaynakli sinirliliklar bulgulari etkilemis olabilir.

Tartisma ve Sonug

Bu arastirmada bilimsel modeller ortaokul diizeyinde bir 6gretim araci olarak kullanilmistir. Bilimsel modeller
ve bilimsel modellerin dogasi hakkinda verilen egitim ve model tasarim etkinlikleri araciligiyla 6grencilerin
modelleme seviyeleri ve model algisindaki gelisim ve farklilagsmalar degerlendirilmistir. ilk arastirma sorusu,
ogrencilerin modelleme algilarinin, bilimsel modeller ve bilimsel modellerin dogasi hakkinda verilen egitim ve
model tasarim ve modelleme etkinligine bagl olarak zaman icinde ne dl¢lide degistigiyle ilgilidir. Subelerin
model algilariyla ilgili grup ici 6n ve son-test puan ortalamalari incelendiginde buyuk farklilasmalar olmadigi,
ancak bazi subelerde dikkat ¢eken degisikliklerin oldugu gortlmusttr. Sonuclar egitim yapilan C subesinde
kicuk bir artisi, model tabanh etkinliklerin yapildigi D subesinde ise ¢cok daha buyuk artisi ortaya cikarmistir.
Dort haftalik uygulama sonucunda SUMS-TR olcedinden elde edilen son-test sonuclar gruplar arasi
karsilastinldiginda ise farkli uygulamalarin yapildigi siniflardaki 6grencilerin model algilari arasinda anlamli bir
fark bulunamamistir. Yalnizca D subesinin model algisi puani ¢alismanin basinda diger subelerden
farklilasmig, ancak calismanin sonunda bu fark ortadan kalkmistir. Tim siniflarin model algisi puanlar
arasinda son-testlerde anlamli bir fark bulunmamaktadir. Ogrencilerin fen bilimlerindeki modellere iliskin
algilarinin analizi, bu ortaokul 6grencilerinin CTM, AAM, MK ve MD alt temalari da dahil olmak Ulzere ¢ogu
acidan modeller ve modelleme konusunda orta veya iyi dizeyde anlayisa sahip olduklarini ortaya
koymaktadir. Ancak 6grenciler modelin gercedin birebir kopyasi olup olmadigi konusunda emin degildir. Bu
da literatiirde yer alan diger calismalarla (Cheng ve Lin, 2015; Chittleborough vd., 2005; Grosslight vd., 1991;
Glmus vd., 2008; Krell vd., 2015; Metin ve Leblebicioglu, 2015; Pluta vd., 2011) uyumlu bir sonugtur. Ornegin,
bilimin dogasina yonelik gerceklestirilen bir bilim kampi programinda Metin ve Leblebicioglu (2015) 6. ve 7.
sinif 8grencilerinin modellerin veriye dayali ve bilimsel arastirmalar sonucunda gelistirildigini anlayabildiklerini
go6zlemlemistir. Modelleme etkinlikleri sonucunda 6grencilerin bilimsel model algilar gelistirilebilmekte ve
ogrenciler modellerin amacina uygun daha kapsamli agiklamalar yapabilmektedir (Metin ve Leblebicioglu,
2015). Yapilan calismalarin énemli bir bolimi, ¢cogu ortaokul ve lise 6grencisinin bilimsel modelleri hedef
nesnelerin fiziksel kopyalari olarak algiladiklarini géstermistir (Arslan ve Dogru, 2014; Cheng vd., 2014; Cheng
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ve Lin, 2015; Gobert vd., 2011; Grosslight vd., 1991; Metin ve Leblebicioglu, 2015; Treagust vd., 2002; Unal
Coban ve Ergin, 2011). Cheng ve Lin'in (2015) calismasi benzer sekilde en iyi fen bilimleri 6grenme
performansina sahip 6grencilerin bile modellerin gercedin birebir kopyasi gibi olabilecegini diisiinen daha
naif anlayisa sahip olabilecegini gostermistir. Ogrencilerin bilimsel model algilarindaki bu kafa karisikhgini
giderebilmek icin modeller ile hedef olaylar arasindaki ayrimin ve karmasik iliskilerin model egitimi sirasinda
acikca ogretilmesi ve vurgulanmasi gerekebilir. Ogrencinin sahip oldugu model algisi model tabanl
etkinliklerde 6nemli bir role sahiptir (Gimus vd., 2008; Kara, 2019; Unal Coban ve Ergin, 2011). C)rnegin,
Arslan ve Dogru (2014), 6. sinif 6grencileri Gzerinde modellemeye dayali fen 6gretiminin etkisini inceledikleri
calismada modellemenin, 6zellikle zihinsel model gelisimi agisindan olumlu etkisine dikkat ¢ekmis ancak
6grencilerin kavramsal anlama duzeyleri ile hatirlama yoniinden bir etkisi olmadigini belirtmistir. Mifredat
dahilinde model tabanli 6gretimde 6grencilerin model algilarinin nasil gelistirilebilecegine odaklanan daha
fazla calismaya ihtiya¢ duyulmaktadir.

Bazi arastirmacilar (Everett vd., 2009) SUMS o&lcegini hizmet Oncesi 6Jretmen yetistirme programlarinda
dgretmenlerin modelleme algisini belirlemek icin kullanmistir. Ornegin Everett vd. (2009), calismaya katilan
o6gretmen adaylarinin bilimsel modeller, bunlarin kullanimlari, 6zellikleri ve tirleri hakkinda gli¢li bir anlayisa
sahip olmadiklarini tespit etmistir. Calisma sirasinda 6gretmen adaylarinin &zellikle dort alt temadaki
anlayislari gelismis olsa da, Olceginin 6gretmen adaylarini degerlendirmede sinirli faydasi oldugunu
belirtmistir. Bizim arastirmamizda da 6lgegin kullanilmasindan kaynaklanan sinirliliklar calismanin sonuglarini
etkilemis olabilir. Olcek ile ilgili son yillarda yapilan bazi calismalar 6lcegin faktér yapisini desteklerken (6rn.,
Cheng ve Lin, 2015; Cheng vd., 2019; Villablanca vd., 2020), bazi arastirmalar ise maddelerin ve faktorlerin net
olmadigini, distik i¢ tutarhlik gosterdigini belirtmektedir. Ornegin, Lazenby ve Becker (2021) kendi
calismalarinda givenilirlik analizi, dil ve yapi gecerliligi ile ilgili sorunlar bulundugunu tespit etmistir. Olcekle
ilgili yapilan calismalarda, maddelerin sayisini azaltmak, bazi temalari birlestirmek (6rn., AAM ve MK) gibi
cesitli modifikasyonlar yapilarak o6lcegin kullaniimasini 6nerilmistir (6rn., Campos vd., 2016; Lazenby ve
Becker, 2021; Oliva ve Blanco-Lopez, 2021; Wei vd., 2014). Bu arastirma kapsaminda da dlcekten (¢ madde
cikarilarak kullaniimis, veriler degerlendirilmistir. Boylece Olcekten kaynaklanabilecek olasi hatalarinin
azaltiimasi hedeflenmistir.

Ayrica bu calismanin, baglamdan arindinlmis SUMS-TR 6&lgeginin model algilarini belirlemek amaciyla
kullanilmasi gibi bir sinirlamasi bulunmaktadir. Literatiirde yer alan cesitli calismalar model algisinin baglama
ve incelenen konuya duyarli olabilecegini; baglamdan arindiriimis yanitlarin 6grencilerin gergek algisini tam
olarak yansitmayabilecegini 6ne stiirmustir (Cheng ve Lin, 2015; Krell vd., 2015). Cesitli calismalar 6grencilerin
model anlayislarinin alandan etkilendigini belirtir (Gobert vd., 2011; Krell vd., 2015). SUMS-TR &l¢me araci,
baglam ve epistemolojik gorusler arasindaki iliskiyi g6z ardi etmektedir. Literatlrdeki cesitli arastirmalar,
ogrencilerin farkli bilimsel disiplinler ve farkli baglamlarda farkli model anlayislarina sahip olabileceklerini de
gostermistir (Cheng vd., 2019; Cheng ve Lin, 2015; Krell vd., 2012, 2015). Bu arastirmada yer alan etkinliklerin
tamami biyoloji alanindadir. Biyoloji alaninin baglamdan en fazla etkilenen alanlardan biri oldugu c¢esitli
arastirmacilar tarafindan da vurgulanmaktadir. Ornegin Nehm ve Ha (2011) biyolojideki baglamsalligin diger
bilim alanlarina gére daha fazla oldugunu vurgulamakta, Krell vd. (2015) ise biyoloji alaninin kendi igindeki
disiplinlerde olusturulan modellerde baglama 6zgu farkliliklarin ortaya cikabilecegini belirtmektedir. Krell vd.
(2015), ogrencilerin biyoloji alaninda insan veya hayvan modeli gibi o6lcek ve fonksiyonel modellerle
distndlgund; kimya ve fizik ile ilgili olarak ise daha ¢ok atom ve molekil gibi konularda analojik ve soyut
modellerle disiindigiini 6ne siirmektedir. Bu yluzden de 6grencilerin Ug disiplindeki modelleri algilamasi ve
model tabanl etkinliklerin ¢ok farkli sonuglar ortaya cikarabilecedi 6ne sirllmustir. Gorilecegi Uzere, bu
arastirma kapsaminda olusturulan model tabanli 6gretim etkinliklerinin biyoloji alanindan secilmis olmasi
ortaokul 6grenciler icin bir sinirhlik yaratmis ve elde edilen sonuglari etkilemis olabilir. Gelecekteki ¢alismalar,
dgrencilerin biyoloji alanindaki modelleme anlayislarindaki degisimi baglama dayali ve farkli disiplinlerle
karsilastirmali olarak arastirabilir.

Bu arastirmanin ikinci arastirma sorusu uygulanan etkinliklerin ortaokul 6grencilerinin modelleme seviyesinde
bir gelisme olup olmadidini incelemistir. Bizim arastirmamizin bulgulari subelerdeki 6grencilerin modelleme
seviyelerinin  birbirinden  farklilasmadigini  gostermektedir.  Literatirde  6grencilerin  modellerini
olusturmalarina, degerlendirmelerine, gézden gecirmelerine ve uygulamalarina yardimci olan model tabanli
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ogretim ile 6grencilerin modelleme seviyelerinin ve model algilarinin gelistirilebilecegini 6ne sliren ¢ok sayida
calisma bulunmaktadir (Bamberger ve Davis, 2013; Ciltas ve Muslu, 2016; Gobert vd., 2011; Gimis vd., 2008;
Williams ve Clement, 2015). Chittleborough vd. (2005), 6grencilerin modelleme yetenedinin, onlarin model
kullanmasini ve kimyasal kavramlari anlamasini nasil etkiledigini incelemek icin SUMS 6&lcegine benzer bir
Olcek olan VOMMS o&lcegini (Treagust vd., 2004) kullanarak yas ve olgunluk arttikga (8. siniftan Gniversitenin
ilk yihna kadar) 6grencilerin bilimsel modelin roliini daha kolay tanimladigini belirlemistir. Arastirmacilar
model ve modelleme kavraminin 6zellikle kiiciik yastaki 6grencilere karmasik gelebilecegini, modellerin farkli
rolleri ve anlamlari olabileceginin 6gretilmemesinin o6grencilerde kafa karisikligina sebep olabilecegini
belirtmistir. Liu (2006) ise uygulamali laboratuvar ve bilgisayar modellemesinin égrencilerin kimya 6grenimi
Uzerindeki etkisini SUMS 6lcegi ile incelemis, ortaokul &grencilerinin model algisini dlgmek icin drneklem
blyukligunin etkili oldugunu belirtmistir. Liu'nun (2006) bulgulari 6grencilerin modelleri anlamalari arasinda
bir seviye farki olmadigini, 6grencilerin bilimsel modellerin tim boyutlarina yiksek diizeyde katildiklarini ve
farkll boyutlar arasinda agik bir hiyerarsinin bulunmadigini géstermektedir. Ayrica, literatir incelendiginde
modeller ile gergeklik arasinda birebir bir benzerlik olduguna inanan &grencilerin sayisinda egitim yili
ilerledikce diislis oldugu da gorilmastir (Chittleborough vd., 2005; Gobert vd., 2001; Grosslight vd., 1991).
Benzer sekilde Krell vd. (2015) 7 ve 8. siniflar ile 9 ve 10. siniflar arasinda 6grencilerin biyoloji, kimya ve fizik
baglaminda model ve modelleme anlayisinda 6nemli bir gelisme oldugunu 6grencilerin yas ve olgunlugu
arttikca model algisinin gelistigini gézlemlemistir. Yine, dgrencilerin okuldaki yasantilar ve bilgi birikimleri
arttikca bilimsel modellerin dogasi, model ve modellemeye iliskin genel anlayislarinin da daha ayrintili hale
geldigi tespit edilmistir (Al-Balushi, 2011; Crawford ve Cullin, 2004). Ayrica, Treagust vd.nin (2002) SUMS
Olcegini kullanarak gerceklestirdigi analizler, ortaokul 6grencilerinin sinif seviyeleri arasinda bes temanin
hicbiri icin istatistiksel olarak anlamli bir farkhlik bulunmadigini gdstermistir. Arastirmacilara gére égrencilerin
‘bilimsel model' terimini yorumlamasi onlarin deneyimlerine ve kisisel anlayislarina baglidir. Sonug olarak,
dgrencilerin model algilari ve modelleme seviyelerinin 6grenciler Ust siniflara gegip yas, olgunluk ve egitim
yasantilar arttikca daha ayrintili diizeylere gelecegi varsayilmaktadir. Ancak bizim arastirmamizda ¢alismanin
basinda iki sinifta; modellerin cesitleri, bilimdeki yeri ve kullanim amaci gibi konularda verilen egitim gruplar
arasinda anlamli bir fark yaratmamistir. Bu sonug¢ egitimin donemin basinda ve bir kez verilmesinden,
ogrencilerin yaslarinin kiigiik olmasindan veya siniflarin akademik seviyede hazir bulunusluluklarinin disiik
olmasindan kaynaklanabilir. Dolayisiyla, ileri arastirmalarda daha uzun sireli ve kapsaml egitim sirecleri
planlanarak olasi etkiler arastiriimalidir.

Cheng ve digerlerinin (2017) calismasi 6grencilerin model tabanh &gretim etkinlikleriyle kendi modellerini
gelistirmeleri igin desteklendiginde, yalnizca 6gretmenlerinden bilimsel modeller gdsterilerek egitim yapilan
ogrencilere gore daha karmasik ve tutarli modeller gelistirebildiklerini gostermistir. Ancak Cheng vd. (2017)
calismasinin aksine bu arastirmanin bulgulari, derste kendi modellerini model tabanli 6gretimle gelistiren
ogrencilerle ders kitabinda yer alan modellerin geleneksel 6gretimi yoluyla egitim yapan siniflar arasinda bir
fark olmadigini gostermistir. Bu arastirmanin sonuglarina gore, 6grencilerin tasarladiklari modelleri daha
rasyonel ve nesnel bir incelemeyle degderlendirmemis ve revize etmemis olmasi 6grencilerin modelleme
seviyesinin gelisimine engel olmus olabilir. Cheng ve Brown (2015), 6grencilerin modelleme seviyelerinin
gelistirilebilmesi icin model olusturmanin yeterli olmadigini ve bilimsel modelleme kriterleri Uzerine
duslncelerini acik bir sekilde destekleyen bir mufredatin tasarlanmasi gerektigini 6ne stirmustir. Cheng vd.
(2017) ise ogrencilerden modelleri olusturmalarini, degerlendirmelerini ve revize etmelerini istemenin yani
sira, daha nesnel bilimsel modelleme kriterleri ile ©6grencilerin kendi modelleri Uzerine distiinmesinin
saglanmasi gerektigini savunmaktadir. Ote yandan, mevcut calismanin gerceklestirildigi okul sosyoekonomik
dizey ve fen bilimleri basarisinin il geneline gore dusiik oldugu bir okuldur. Dolayisiyla, 6grencilerin model
algisi ve modelleme seviyesinin kisith stirede gelismemis ve farklilasmamis olmasi fen basari diizeyinin disik
olmasindan kaynaklanabilir. Bu seviyedeki 6grenciler icin ek calismalar yapilmasi ve daha uzun zaman
taninmasi, modelleme seviyesi ve model algisi lizerinde daha etkili olabilir.

Bu arastirmanin Uclnci arastirma sorusu model algisi ile modelleme seviyesi arasinda bir iliski olup
olmadigina odaklanmistir. SUMS-TR olceginden ve model tabanh etkinliklerden elde edilen veriler
ogrencilerin model algilarinin gerek genel seviyede gerekse temalar diizeyinde modelleme seviyesiyle iliskili
olmadigini gostermistir. Farkli deneysel etkilerin karsilastirdigi siniflardan elde edilen bu sonug, ortaokul
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ogrencilerinin model algilarinin modelleme uygulamalariyla iligkili olmadigini gosteren ve deneysel bir kanitin
olmadidi cesitli arastirmalarla da (Cheng ve Lin, 2015; Krell vd., 2015; Louca ve Zacharia, 2012) uyusmaktadir.
Ogrencilerin bilimsel modelleri anlamalari ve algilama diizeyleri ile model olusturma ve model degerlendirme
seviyeleri arasindaki iliski cok kiictkttr ve pratik bir 5nem tasimayabilir (Cheng vd., 2019). Literatiirde yer alan
cesitli arastirmalar ise ogrencilerin bilimsel modelleri anlamasi ve modellemeyi kavramalarinin, fen
derslerindeki modellerle ilgili deneyimlerinden buiyik olctde etkilendigini ileri stirmektedir (Krell vd., 2012,
2015; Treagust vd. 2002). Krell vd. (2015), fen siniflarinda Khan (2007, 2011) tarafindan ©ne sirilen
modellerin olusturulmasi, degerlendirilmesi ve modifikasyonu dénglsinin artirilmasini ve 6gretmenlerin
modellerin yalnizca tanimlayici dodasina degil, tahmine dayali dogasini da agiklamasinin daha Ust diizeyden
bir modelleme algisi gelistirecegini savunmaktadir. Ayrica bu arastirmada fen bilimleri 6gretmenlerinin model
anlayislari ve modellememe seviyeleri arastirlmamistir. Literatlirde yer alan, fen bilimleri 6gretmenleri ile
yapilan calismalar 6gretmenlerin ve 6gretmen adaylarinin model ve modellemeye iliskin anlayislarinin
oldukga yetersiz oldugunu gdéstermektedir (Aktan, 2016; Crawford ve Cullin, 2004; Justi ve Gilbert, 2003; Van
Driel ve Verloop, 1999). Ogretmenlerinin bu konuda yetersiz olmasi égrencilerin modelleri anlamalarindaki
eksikliginin bir agiklamasi olarak sunulabilecegi gibi bu eksikligin sinirli ders saati stresince giderilememis
olmasi da muhtemeldir.

Bu calismanin bulgulart model tabanl 6gretim strecinde, bilimsel modellerin dogasi hakkinda verilen egitim
ile model tasarim ve modelleme etkinligi araciigiyla yuritilen ortaokul fen derslerinin 6grencilerin
modelleme seviyeleri ve model algisinda belirgin bir degisime yol acmadigini gostermistir. Calisma
kapsaminda 6grencilerin modelleme seviyeleri ve bilimsel model algisini gelistirebilmek amaciyla literatlre ve
arastirmanin bulgularina dayanarak cesitli dneriler getirilmistir.

Oneriler

Daha 6nce ifade edildigi Uzere, arastirmanin kapsami ve slrecinden kaynaklanan cesitli sinirliliklar sz
konusudur. Etkinliklerin biyoloji alanindan secilmesi, calisma grubunun sinirli olmasi, sosyoekonomik etkenler,
veri toplama ve 6l¢gme araglari kaynakh sinirliliklar, gretim siirecinde verilen egitim, modelleme etkinlikleri ve
bunlarin siiresi gibi pek ¢ok faktor bu arastirmanin sonuclarini etkilemis olabilir. Dolayisiyla, 6zellikle ortaokul
ogrencileri Uzerinde yapilacak gelecekteki arastirmalarin daha uzun sireli ve farkli alanlardan model tabanli
etkinlikleri karsilastiracak bicimde planlanmasi, farkh 6lgme araglar gelistirilerek test edilmesi literatirdeki
farkli bulgularin daha net bir sonuca ulagmasini saglayabilir. Ogrencilerin modelleme seviyeleri ve bilimsel
model algilarinin degisiminin ve aralarindaki olasi iliskiyi baglama duyarh olarak 6lgmek gerekir. Bu calisma
kapsaminda elde edilen bulgular 7 ve 8. sinif diizeyinden kisith bir siirede toplanmistir. Daha uzun déneme
yayllan ve daha farkl yaslardaki 6grencilerle ve fen bilimleri 6gretmenleriyle gerceklestirilecek calismalara
ihtiya¢ duyulmaktadir. Ogrencilere, daha fazla ve farkli tinitelerde model tabanl etkinliklerle kendi modellerini
olusturma, degerlendirme ve modifiye etme imkani saglanmasi 6nemlidir.

Son yapilan mifredat degisikligi ile (MEB, 2024) modelleme konusu fen bilimleri programinin édnemli bir
parcasi olmustur. Ancak modellemenin konunun icerigine bagh olarak nasil 6gretilmesi gerektigi, model
tabanli 6gretim sirecinin nasil planlanmasi ve uygulanmasi gerektigi arastinlmaya ihtiyag¢ duymaktadir.
Ogrencilerin kendi modellerini nasil ve hangi kriterleri kullanarak tasarladigi ve degerlendirdigi, bunlarin
modelleme seviyesine etkisi yine arastirilmasi gereken konulardir. Arastirma kapsaminda yalnizca 6grencilerin
tasarladiklar bilimsel modeller dikkate alinmistir. Model olusturma ve model dederlendirme sireclerindeki
ogrenci yaklasimlari ve etkilesimleri ve bunun model algisina etkisi de gelecekte daha kapsamli arastirilabilir.
Son olarak, farkh Glkelerin farkh egitim standartlarina ve kiltirel yapiya sahip olmasi nedeniyle bu makalede
yapilan c¢ikarimlarin diger Ulkelerden gelen 6grencilere aktarilmasi ancak sinirli 6lgide muimkindir ve
arastinlmaya muhtactir.
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