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is to investigate the relationship between students' models' understanding and the level
of causal reasoning skills.

Keywords: Method: This relationship was investigated when performing bifocal modeling with the
Science Education, subject of mechanics. A sample of 85 secondary high school students in Ahvaz was

Modeling selected, and were asked to answer four questions related to mechanic descriptively

Bifocal Models,
Nature of Models,

during modeling and write their reasoning. Codes were first defined and answers were
scored based on the codes.

Results: After modeling, the students answered the model understanding questionnaire
Causal Reasoning. and based on that, with the cluster analysis, they were classified into two categories:
"model ideal understanding” and "model raw understanding". The findings showed that
the students who had a good understanding of the model and the modeling process,
except in the reasoning identifying the elements, which all performed similarly, were
more successful in other dimensions of causal reasoning than the students who had a raw
model understanding

Conclusion: Researchers have found that paying more attention to scientific modeling
in official curricula, informing teachers about the models' nature, and encouraging them
to teach based on models in the classroom are effective in improving students' models'
understanding, and it strengthens thinking, including scientific reasoning.
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Extended Abstract

1. Introduction

Some efforts have been made to involve students in scientific modeling, and researchers
have developed model-based educational resources in most scientific branches. Along
with these efforts, researches have also been conducted to develop students' understanding
of the nature of scientific models and to know about the models' performance. According
to a 2012 National Research Council document, understanding how science works is
always a combination of content knowledge, procedural knowledge, and epistemic
knowledge, so that engaging in scientific modeling invites and encourages students to
think about the nature of knowledge, and how science works. Students must understand
that both scientific knowledge and models are human constructs designed to explain or
predict the phenomena. By examining the background of the subject, the researchers
found that having an understanding of the models' nature and modeling practice may help
students in using and developing models, because students' epistemological understanding
of models and the modeling activity affects how they deal with the materials and
ultimately what they learn. On the other hand, poor epistemological understanding may
limit students in using and developing scientific models. Models can develop many
cognitive skills; Also, increasing students' epistemological understanding has an effect on
their better cognitive processing during modeling. One of the most important cognitive
processes thinking skills and of course the reasoning power. The main purpose of the
current research is to investigate the relationship between students' causal reasoning
during a mechanic subject modeling assignment and their understanding about the model
that they are building.

2. Materials and Methods

This quantitative research has been done with a descriptive approach. In this research, 85
secondary high school students in Ahvaz, who were available in the twelfth grade of
science and math fields in the academic year of 1401-1402, were selected. The researchers
used the "Basic mechanic Conceptual Understanding” (bMCU) test to examine students'
causal reasoning. Students' understanding of the model was measured using the "Students'
Understanding of Models in Science” (SUMS) questionnaire. Four modeling activities
were designed for each student. The instructions for designing the models were adapted
with the bMCU items, in fact, the students started modeling in order to answer the test
questions and write arguments. Before conducting the bMCU test, the researchers
familiarized the students with the interactive physics software environment during four
60-minute sessions, and the students learned how to work with different parts of the
software and its functions. The students did the modeling according to the bifocal
modeling framework. The Bifocal Modeling Framework (BMF) is an inquiry-based
approach to science education that enables students to organize and evaluate connections
between real-world experiments, or conceptual models, with computer models. The
students were classified based on the scores of the SUMS questionnaire by using cluster
analysis. To examine the relationship between students' reasoning and their understanding
of models, focal correlation, which is a type of multivariate correlation, has been used.

3. Results

Students were classified into two separate clusters based on their understanding of the
model. The first class, which was named "optimal level of model understanding”,
corresponds to students who have a high understanding of the models' nature. On the other
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hand, the second class, which was named "raw level of model understanding”, is related to
students who had a raw and elementary understanding about models. Cluster analysis
placed 29 of the students in the optimal level, and 56 in the raw level. Students who were
at the optimal level generally had a significant advantage in performing causal reasoning
compared to students who were at the raw level, this superiority was also visible in all
dimensions of causal reasoning except the aspect of identifying the elements of reasoning.
The percentage of explained variance of the composite variable "causal reasoning” by the
composite variable "understanding of the model™ is equal to 0.574, which shows a positive
and strong correlation between them.

4. Discussion and Conclusion

The researchers expected that students who had a deeper, and more favorable
understanding of the model would also have higher level thinking. The sign of high-level
thinking was to carry out causal reasoning about a natural event in a precise manner. The
findings showed that, on average, the students' models' understanding and the modeling
process are different from each other, some were well acquainted with the models' nature
and were aware of model's features and applications. Students with a favorable and expert
level of models' understanding used to reason better, more qualitatively, and implemented
the principles of systemic thinking well. Compared to the studies reported in the same
way in the introduction, this finding seems to be similar to the reports of Treagust et al.
(2002) and Schwarz & White, (2005) and (Lazenby & Becker, 2021. A relatively strong
and positive correlation was observed between the students' causal reasoning skills and
their models' understanding, which, of course, is an expected result, is consistent with the
findings of Sins et al. (2009. According to the findings, it can be concluded that many
students do not have sufficient knowledge of the models' nature, the models'
characteristics, and their application, so the low models' understanding leads to the failure
to develop one of the most important scientific skills, which is causal reasoning. The
model's lack of knowledge or understanding may be seen in the lack of learning
opportunities in classrooms to perform modeling activities; on the other hands teachers'
lack of knowledge about the strengths and weaknesses of models will destroy the golden
opportunity to use them effectively in the classroom. Also, the low attention of the science
curriculum in Iran to the model, and the defects in the science teacher training curriculum
can be important factors that cause a decrease in the models' awareness and the decline in
students' scientific literacy.
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85 Prags "Rus® tolaunch, Press "Resel” to replace the projectile on the launch pad
_| Adjust the initial speed and direction by moving the sliders.
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1. Elements, Evidence, Causal coherence
2. Kang
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. Nonlinear/coherent causal
Iseki

. Clustering Analysis
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