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scientific concepts helps educators gain a deeper understanding of students' learning
processes. The aim of the present study is to compare the impact of synectics and experiment-
based approaches on students' learning of the concept of temperature, and to develop an
instructional design model based on these two approaches. Methods: This quantitative, quasi-
experimental study with a pre-test, post-test design and one control group and two
experimental groups aimed to investigate the impact of divergent thinking and experiment-
based approaches on students' learning of the temperature concept. The population comprised
all female middle school students in Isfahan, Iran, during the academic year 2023-2024. An
82-student sample was selected using a multi-stage cluster sampling method. The synectics
approach employed description, direct and personal analogies, and compressed and repeated

conflict patterns, whereas the experiment-based approach utilized preparation, activity, and
How to Cite: Akrami, Z, Farhadi, N., & conclusion patterns. To assess the students' learning, a researcher-made test was used, the
Arabzadeh, M. (2025). The comparison of  Teliability and validity of which were confirmed by the Kuder-Richardson method and a panel
of experts, respectively. Data analysis involved descriptive statistics, the Kolmogorov-

effectiveness of synectics and experiment-based
Smirnov test, univariate covariance analysis, and Tukey test. Findings: The results

demonstrated the effectiveness of both synectics and experiment-based approaches in

approaches in teaching the concept of temperature.
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enhancing students' learning of the temperature concept. Conclusion: Based on the findings
DOL: 10.22034/1jpp.2025.2021841.477 of this study, the scores of the group instructed using a synectics approach were higher in the
sub-concepts of thermometric quantities and heat capacity compared to the scores of the group
instructed using an experiment-based approach. Conversely, in the remaining sub-concepts,
the scores of the group instructed with the experiment-based approach were higher. It is
expected that, by identifying more effective teaching methods, the findings of this study, will
contribute to improving the quality of chemistry education and learning in this field.
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Extended Abstract

Introduction

Given the pivotal role of energy and heat transfer in understanding the structure of matter and chemical processes, it is
essential that students develop a solid understanding of the concept of temperature. Moreover, considering the ubiquitous nature
of temperature in daily life and across various scientific disciplines, a deep and accurate understanding of this concept is crucial
for effective chemistry education. Deep learning not only involves memorization but also entails a comprehensive
understanding of concepts, enabling students to solve complex problems. However, research suggests that students often
struggle with deep understanding of fundamental temperature-related concepts such as temperature and thermometry,
thermometric quantities, heat capacity, specific heat, and equilibrium temperature, collectively referred to as temperature sub-
concepts. Traditional teaching methods, such as lectures and question-and-answer sessions, which often prioritize theoretical
concept memorization, are a primary reason for these challenges. These methods typically fail to provide sufficient
opportunities for hands-on experiences and student-led discovery. Studies have shown that active learning methods can
effectively enhance student motivation and interest due to their engaging nature. Consequently, by making learning more
enjoyable, it is expected that students’ academic achievement will also improve. In light of these findings, this study aims to
investigate the effectiveness of teaching the concept of temperature using creative and experimental approaches. A significant
gap in previous research has been the comparison of the impact of these two active teaching approaches on student learning.
The novelty of this research lies in simultaneously examining creative and experimental approaches for teaching a chemistry
concept and comparing their impact on student learning. The findings of this study can serve as a guideline for designing
effective instructional programs in chemistry and physics (given the shared concept of temperature in both disciplines),
contributing to the improvement of educational quality at the national level. Therefore, the primary research question is: Does
teaching the concept of temperature using creative and experimental approaches have a significant impact on students’
learning? To answer this question, the following three hypotheses will be tested:

1. Teaching the concept of temperature using a creative approach has a significant positive impact on students’ learning.

2. Teaching the concept of temperature using an experimental approach has a significant positive impact on students’
learning.

3. There is a significant difference between the effectiveness of teaching the concept of temperature using creative and
experimental approaches on students’ learning.

Methodology

This research employed a quasi-experimental pre-test-post-test design. The population of this study comprised all female
junior high school students in Isfahan during the 2023-2024 academic year. A multi-stage cluster random sampling technique
was used. Initially, one educational district out of six in Isfahan was randomly selected. Subsequently, three junior high school
were randomly chosen from this district. From these schools, the seventh grade was selected, and finally, one class from each
of the four seventh-grade classes was randomly selected as the research sample. To control for extraneous variables, schools
with similar cultural, social, and economic backgrounds were selected. To ensure the homogeneity of the sample, students were
assessed and confirmed for variables such as age, gender, and prior knowledge related to the subject matter. The concept of
temperature was taught to one class of 26 students (experimental group 1) using a creative approach, to another class of 28
students (experimental group 2) using the second experimental approach, and to a third class of 28 students (control group)

using traditional teaching methods (lectures). The instructional programs were implemented over four weeks, with two 60 min




Akrami et al. | The comparison of effectiveness of synectics and experiment-based approaches in...

sessions per week conducted by the researcher. To ensure fidelity to the intervention, the researcher and the teacher were the
same person, and all groups were taught by the same individual. The instructional materials and content were identical for all
three groups and were based on the seventh-grade science textbook.

To assess students' learning, a researcher-made achievement test was used. The test consisted of 5 descriptive questions on
the concept of temperature, with each question worth 1 point. The test questions were designed to align with the lesson
objectives and measure the extent to which these objectives were achieved. Each test question assessed one sub-concept of
temperature, including temperature and thermometry, thermometric quantities, heat capacity, specific heat, and equilibrium
temperature. The validity of the test questions was confirmed by two faculty members from the Teacher Training University
and three chemistry teachers. The reliability of the researcher-made test was calculated using the Kuder-Richardson formula.
The reliability coefficient of the test was 0.79, indicating a satisfactory level of reliability. The test was administered once to
all three classes after the completion of the teaching unit, and the scores were calculated out of 5.

Results and Discussion

The results revealed a significant positive impact of the creative approach on students' learning of the following sub-
concepts: temperature and thermometry (71%), thermometric quantities (64%), heat capacity (42%), specific heat (32%), and
equilibrium temperature (56%). Univariate covariance analysis indicated a significant difference between the control group
and experimental group 1 in terms of learning all five temperature sub-concepts. This suggests that teaching the concept of
temperature using a creative approach led to increased learning among students in experimental group 1 compared to the control
group. Similarly, the experimental approach demonstrated a significant positive impact on students' learning of temperature
and thermometry (27%), thermometric quantities (57%), heat capacity (62%), specific heat (61%), and equilibrium temperature
(72%). Univariate covariance analysis indicated a significant difference between the control group and experimental group 2
in terms of learning all five temperature sub-concepts. This suggests that teaching the concept of temperature using an
experimental approach led to increased learning among students in experimental group 2 compared to the control group. After
controlling for the pre-test scores, the adjusted means of the post-test scores for the creative and experimental groups were
significantly different, with the experimental group performing better. Therefore, the null hypothesis was rejected, and teaching
the concept of temperature using an experimental approach had a significant positive impact on student learning.

Conclusion

The results of this study demonstrate a significant difference in students' learning of the concept of temperature based on
their membership in the creative and experimental groups. Specifically, teaching the concept of temperature using an
experimental approach was more effective in enhancing student learning compared to a creative approach. This finding can be
attributed to the fact that conducting experiments, more so than concept formation, allows students to directly interact with
phenomena and experience concepts in a practical manner. When examining students' learning of temperature sub-concepts,
the research findings indicate that students taught using the experimental approach performed better in the sub-concepts of
temperature and thermometry, specific heat, and equilibrium temperature compared to those taught using a creative approach.
However, students taught using a creative approach performed better in the sub-concepts of thermometric quantities and heat
capacity compared to those taught using an experimental approach. This result suggests that neither approach was universally
superior for all temperature sub-concepts. Therefore, it can be concluded that a combination of creative and experimental
approaches may yield better results. This implies that by incorporating creative activities and conducting experiments, student

learning can be enhanced across all temperature sub-concepts.
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