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Abstract Original Article

Background and aim: The purpose of this research is to investigate the effect of critical
thinking and creative thinking on the biology learning.

Data and method: This study employed a quasi-experimental design with a pre-test post-test
format. The population of the study consisted of all 11th-grade science students in Qods County
during the 2023-2024 academic year. The sample included 54 students, who were divided into
three groups based on their biology performance. Groups received critical thinking training,
creative thinking training, and training in both critical and creative thinking respectively.
Initially, Chapter 7 of 11th-grade biology was taught using the same method, and a pre-test was
administered. Then, thinking skills were taught, followed by a post-test. Descriptive and
inferential statistical methods were used to analyze the data. Cronbach's alpha coefficient was
used to assess the reliability of the questionnaires and tests. Face validity of the questionnaires
and tests was assessed using the impact degree, and content validity using the Content Validity
Index. The significance level for all tests was set at P<0.05. SPSS26 was used to analyze the
data.

Findings:Based on correlation coefficients and univariate covariance, there was a significant
relationship between critical thinking and creative thinking skills and the academic progress
students in biology. Moreover, biology learning among students significantly improved after
receiving thinking skills training in all groups.

Conclusion:According to the Bonferroni post hoc test, the mean scores of the creative
thinking group and the group that received training in both critical and creative thinking were
higher compared to the critical thinking group
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Extended Abstract
Introduction

One of the most important skills for students in the last century is critical thinking and creative
thinking. Thinking skills are essential for using knowledge, solving problems, and making
decisions. Critical thinking is purposeful judgment that is made through interpretation, analysis,
evaluation, and inference. Creative thinking is the ability to generate, evaluate, and improve ideas
that lead to the advancement of knowledge. This thinking helps students interpret experiences and
information in new and meaningful ways. Students with creative thinking skills appear more
enthusiastic and active in finding new ideas during learning activities. Much evidence shows that
teaching thinking skills in the Iranian education system has not been very successful so far. The
challenges in biology education, including excessive content, insufficient time allocated, and new
technological equipment, as well as passive teaching methods, make it difficult for students to learn
and conceptually understand biology topics. Therefore, the purpose of this study is to investigate
and compare the impact of creative and critical thinking skills on the development of students'
learning in biology.

Reseach Methodology

This research is an experimental study in a quasi-experimental framework and is of an applied
type. In this study, pretest, posttest, and researcher-made questionnaires were used to measure
critical thinking and creative thinking skills. The sample size in this study was 54 eleventh grade
students who were divided into three equal groups. Before teaching the content, a pre-test was
administered. Then, thinking skills were taught to the groups. The first group was taught critical
thinking skills, the second group was taught creative thinking skills, and the third group was taught
both skills simultaneously. After completing the training courses, a post-test was administered. The
statistical methods used in this study include descriptive and inferential statistical methods.
Descriptive statistics including frequency statistics, mean and standard deviation and inferential
statistics including dependent t-tests, Pearson correlation, univariate covariance, regression, Levine
test and Bonferroni post hoc test and eta square were performed using SPSS26 statistical analysis
software. The reliability of the researcher-made critical thinking and creative thinking
questionnaire, as well as the pre-test and post-test, was confirmed using Cronbach's alpha
coefficient.

Results

Based on the results obtained, an increase in biology learning scores in the post-test phase
compared to the pre-test phase is evident in all three groups.

Research hypotheses

- Critical thinking skills have an impact on learning biology. The t-statistic value obtained for the
critical thinking group is significant at the 0.01 alpha level (P < 0.01). Therefore, the null
hypothesis was rejected and the research hypothesis was confirmed.

- Creative thinking skills are effective in learning biology. The t-statistic value obtained for the
creative thinking group is significant at the alpha level of 0.01 (P < 0.01). Therefore, the null
hypothesis was rejected and the research hypothesis was confirmed.

- Simultaneous teaching of critical thinking skills and creative thinking skills has an impact on
the level of learning in biology. The t-statistic value obtained for the critical and creative thinking
group is significant at the alpha level of 0.01 (P<0.01). Therefore, the null hypothesis was rejected
and the research hypothesis was confirmed.

- There is a difference between the effectiveness of teaching critical thinking skills, creative
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thinking, and simultaneous teaching of critical thinking and creative thinking on the learning
progress of eleventh grade female students in biology. According to the results of the analysis of
covariance test, the main hypothesis of the study was confirmed, namely that there is a difference
between the effectiveness of teaching critical thinking skills, creative thinking, and simultaneous
teaching of critical thinking and creative thinking on learning progress.

In this study, the relationship between critical thinking and creative thinking skills and students'
learning progress in biology was examined using the Pearson correlation coefficient test. In all
groups, the correlation coefficient between the taught thinking skills and the level of learning
progress was evaluated as a positive and significant relationship.

Discussion and Conclusion

In examining the research hypotheses, it was found that there is a difference between the
effectiveness of teaching critical thinking skills, creative thinking, and simultaneous teaching of
critical thinking and creative thinking on students' learning progress in biology. The effectiveness of
simultaneously teaching critical thinking and creative thinking, as well as teaching creative
thinking, in student learning is greater than teaching critical thinking. Based on the results, the
average biology learning scores of the creative thinking training and simultaneous training of
critical thinking skills and creative thinking groups were significantly higher than those of the
critical thinking training group. The difference between the biology learning scores of the creative
thinking training groups and the simultaneous training of critical thinking and creative thinking
skills is not significant. The results show that creativity has a greater contribution to students'
academic achievement. It is suggested that in order to learn thinking skills, attention be paid to
teaching these skills in school curricula.
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