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Abstract

Aim and introduction: Science education consistently emphasizes scientific
models and modeling as essential tools for better understanding the natural world.
This focus is reflected in globally recognized educational standards, such as the
National Science Education Standards (2012), the Next Generation Science
Standards (2013), the science curricula of countries like Canada and Australia, and
parts of the national curriculum in Iran. A correct understanding of models as
cognitive tools is crucial for students to grasp the natural world and enhance their
science learning. Modeling lies at the core of all scientific activity and is
considered an integral part of teaching and learning science. Conversely, teachers'
knowledge of models and their perspectives on modeling significantly influence
their instructional approaches and classroom practices. However, both students'
and teachers' understanding may diverge from the fundamental nature of science
and scientific modeling. The gap between students' and teachers' comprehension
and perspectives can impact the educational process; a wide gap may hinder
cooperative learning opportunities and experiences. This research aims to examine
the relationship between students' and teachers' understanding of scientific models
and their modeling performance, with the goal of using the findings to offer
recommendations for improving science teaching in secondary schools and
enhancing the curriculum in teacher education programs at universities.
Methodology: In this study, 431 students from the 10th and 11th grades of
secondary high schools in Ahvaz, along with 41 science teachers (specializing in
physics, chemistry, and biology) who were accessible to the researcher,
participated. The questionnaire titled "Students' Understanding of Models in
Science, by Treagust et al. in 2002, was used to assess students' comprehension of
scientific models. In this research, the questionnaire was also adapted to evaluate
teachers' understanding. A similar modeling activity was designed for both
teachers and students. Using a leveling scheme developed by the researcher, each
participant was assigned a rating based on their performance in the modeling
activity. This design was inspired by the coding frameworks of Nguyen et al.
(2021), Cheng et al. (2021), and Cheng and Brown (2015), and was employed to
stratify participants according to their model-building abilities. Descriptive
statistics were used to summarize the performance of students and teachers on the
model understanding questionnaire. To compare the distribution of participants
across different levels of model construction, Chi-square tests were conducted.
Since students' and teachers' understanding of models was measured on an interval
scale, and their modeling levels were measured on an ordinal scale, the biserial
correlation coefficient was used to assess the relationship between these two
variables.

Finding: Teachers demonstrated superiority over students in all dimensions of
model understanding (p < 0.1). The difference in average model understanding
between teachers and students was significant, except in the dimension of "models
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as exact copies, significant difference was observed. Considering that effect sizes
between 0.2 and 0.5 are moderate (Shaffer & Schwartz, 2019), it can be concluded
that there is a gap between students' and teachers' understanding across all
dimensions. However, in the "models as exact copies", the gap is not significant,
indicating that both groups have a similar understanding of models in this regard.
Overall, teachers have a better understanding of models than their students,
revealing a knowledge gap between the two groups. There is a significant
difference in the ability of teachers and students to construct conceptual models of
the natural world. At the second and third levels of model building, teachers
outperformed students. However, at the first level of model building, students
performed better than teachers, suggesting a lower ability among students to create
models compared to teachers. It is noteworthy that only a small percentage of both
teachers and students reached high levels of model construction: 7% of teachers
and 5% of students attained the third level. The average correlation values indicate
that the ability of both students and teachers to build models increases with their
understanding of different aspects of modeling. In other words, the higher the
understanding of the model, the greater the ability to construct models. An
exception to this trend is the "models as exact copies" the more students and
teachers perceive models as exact copies of reality (i.e., the lower their score in
this dimension), the higher their modeling ability. Fisher's z-test was used to
compare the correlations, revealing a significant difference in correlation
coefficients between teachers and students. This indicates that the relationship
between the ability to build models and the understanding of models is stronger
among teachers than students, highlighting a gap between the two groups in this
regard.

Discussion and Conclusions: This study's results reveal a gap between students'
and teachers' understanding of conceptual models, which has led to differences in
their performance in scientific modeling. This discrepancy affects how both
students and teachers interpret and explain the natural world, sometimes resulting
in differing or even contradictory understandings. In this research, physics,
chemistry, and biology teachers did not consistently demonstrate more complex
interpretations of scientific models than their students. Teachers' performance was
similar to that of students in abstract modeling, application to complex cognitive
situations, and higher-order thinking processes such as reasoning, prediction, and
problem-solving. Like students, most teachers viewed models as exact replicas of
nature and primarily used them to describe events. To enhance their understanding
of the nature of scientific models, teachers should engage in modeling practice
during their training programs at Farhangian University or any institution that
prepares science teachers (in physics, chemistry, and biology). Given the low
scores in some dimensions of teachers' understanding of scientific models, it is
essential for teachers to recognize that models serve as theoretical and abstract
representations. Finally, the perception of models as exact copies of reality must be
revised. Teachers should instead use models as valuable cognitive tools for
describing, explaining, predicting, and solving problems.

Keywords: Science education, Science curriculum, The nature of models, Model-
based teaching.
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