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influential variables in providing education appropriate to the development of critical skills of
learners. The aim of this study was to predict students’ critical thinking skills in chemistry
based on teaching and learning styles.

Materials and Methods: The research method was a descriptive correlational type. The
statistical population was 720 second-year high school students in Tabriz, of whom 256 were
selected by means of Krejci and Morgan table using cluster sampling. In order to collect the
data in this study, Grasha and Riechmann (1996) teaching style questionnaire, Towler and
Dipboye(2003) learning styles, and Ganji et al. (2013) critical thinking skills (2013) were used.
Pearson’s correlation coefficient test and multiple regression were used to analyze the data.
Findings: The results showed that there is a significant relationship between teaching and
learning styles and students’ critical thinking skills in chemistry. The predictor variables were
able to predict 68.4% of the changes in the critical thinking skills variable. Among the
RESEARCH ARTICLE predictor variables, facilitation teaching style has the highest predictive power, followed by
How to Cite: Vahedi, M., & Yazdani, S. (2026). the interactive, observational, formal authority, personal, experimental, and group styles,
Predicting Students’ Critical Thinking Skills in respectively. Also, the predictive power of specialized, exploratory, and structured styles is
Chemistry based on Teaching and Learning Styles. not significant.

Research in Chemistry Education, 8(3), 153-169. Conclusion: The results emphasize the role of teaching and learning styles in increasing
students’ critical skills in chemistry.
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Extended Abstract

Introduction

Today, the process of teaching chemistry includes two inseparable processes: teaching and learning. In student-centered
processes, learning and methods of acquiring knowledge and skills are of particular importance; but in the teacher-centered
process, teaching, that is, methods of appropriate transfer of knowledge and skills, as well as preparing the learning environment
to encourage students to learn, is of great importance (Duraisamy & Razek, 2025). Chemistry education encourages students
to acquire the ability to ask questions and find answers about phenomena and facts in the natural and physical world around
them and to become familiar with the wide applications of chemistry using critical thinking skills (Ananda, Rahmawati & Che
Harun, 2023). In order for students to be well-educated and useful individuals in the future, they must be creative, critical, and
have scientific insight and freedom of thought. In learning chemistry, school programs should include methods through which
students learn how to learn through thought discipline (Dayal & Chand, 2022). When a student learns to think critically, he no
longer waits for something to happen, but is actively involved in the process of achieving goals, making decisions, and
analyzing issues. Critical thinking is a prerequisite for other life skills, including problem solving, decision-making, effective
communication, and constructive relationships. A person who has not learned the ability to think critically since childhood
cannot evaluate multiple solutions to problems and choose the best method, and therefore will face numerous failures
(Coutinho, 2022). Learning and teaching styles are an opportunity to develop education and professional training based on the
increasing demand of learners. Educational institutions, companies, and government and non-government agencies around the
world are increasingly using diverse learning and teaching styles to deliver education and training. Many professionals, trainees,
and experts are asking their institutions to equip and combine traditional face-to-face training courses with new learning and
teaching styles. The results of studies show that people differ in how they approach a task, and these differences are not just
due to intelligence or social abilities. These styles are restorative methods for analyzing information and responding to
environmental stimuli (Aguilar et al., 2022). Regarding learning styles, studies show that awareness of students’ learning styles
can be used to provide education tailored to students’ critical skills. Teachers’ teaching methods affect the process of
educational activities and ultimately the learning process, and teachers must coordinate their teaching methods with students’
learning styles (Majidianfard et al., 2018). In this regard, this study examines the role of teaching and learning styles in
increasing students’ critical thinking skills, and the fundamental question and issue is: What role do teaching and learning styles
play in increasing students’ critical thinking skills in chemistry? In order to answer the above question, two research hypotheses
were formulated: 1) Teaching styles predict students’' critical thinking skills in chemistry. 2) Learning styles predict students’
critical thinking skills in chemistry.

Methodology

The present study aimed to investigate and predict students’ critical thinking skills in chemistry based on teaching and
learning styles. Therefore, it is a descriptive/survey type of correlational research. The statistical population in this study
included 720 second-year high school students in Tabriz, of whom 256 were selected by means of Krejci and Morgan table
using cluster sampling. In order to collect the data in this study, standard questionnaires of learning styles by Towler and
Dipboye (2003), teaching style by Grasha and Riechmann (1996), and critical thinking skills (Ganji et al., 2013) were used.
The reliability of the Learning Styles Questionnaire by Towler and Duboy (2003) was reported to be above 0.9 based on
Cronbach's alpha, the reliability of the Teaching Styles Questionnaire by Valery (2006) was reported to be 0.72, and the
reliability of the Critical Thinking Questionnaire by Ganji et al. (2013) was reported to be 0.75 based on Cronbach's alpha.
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Given that this Cronbach’s alpha coefficient in all three questionnaires is greater than the standard value of 0.7, the
aforementioned questionnaires have good internal reliability. In this study, the content validity method was used for the
questionnaires. For this purpose, the questionnaires were provided to the supervisors after compilation and after their comments

were applied, the questionnaires were distributed. Pearson correlation coefficient test and multiple regression test were used to
analyze the data using SPSS 25 software.

Results and Discussion

As shown in Table (1), the results of the Pearson correlation coefficient test between teaching styles and students'
critical thinking skills indicated that the correlation coefficient between the teaching styles of specialization (0.223), formal
authority (0.304), interaction (0.679), personal model (0.583), and facilitation (523).

Table 1 - Pearson Correlation Coefficient Test between Teaching Styles and Students’ Critical Thinking Skills

Variables and 1 2 3 4 5 6
dimensions

Expert 1

Official #.262 1

Authority

Interactive 312** 173 1

Personal Model .312** 173 716** 1

Facilitative 115 .010 .354** A17 1

Critical 223* .304** .679** .583** 523** 1
Thinking Skills

The results of Table (2) about the correlation between learning styles and students’ critical thinking skills showed that the

correlation coefficient between learning styles was exploratory (0.274), group (0.339), experimental (0.536), structured (0.292),
and observational (0.419).

Table 2- Pearson Correlation Coefficient Test between Learning Styles and Students’ Critical Thinking Skills

Variables and dimensions 1 2 3 4 5 6
Exploratory 1

Group #.634% 1

Experimental b536** . 709** 1

Structured A06**  449%* .383** 1

Observational .190 496** 455** .332** 1

Critical Thinking Skills  .274* .339** .250* .292%* A419%* 1

According to Model Summary Table (3), the Dorbin-Watson value is 1.747 for the variable of students’ critical
thinking skills, since this value is between 1.5 and 2.5, it is concluded that the criterion variable is not autocorrelated and the
errors are independent of each other. The adjusted r-square obtained is 0.684, which shows that these predictor variables can

predict 68.4 percent of the changes in the variable of critical thinking skills.

Table 3- Model Summary

Model R R Square Adjusted R Square Std. Error Durbin-Watson
1 .839 704 .684 10.976 1.747

Table 4- ANOVA

Model Sum of Squares df Mean Square F Sig.

1 Regression  8571.420 5 284/1714 35.221 0.001

AIAA




Research in Chemistry Education, Volume 8, Issue 3

VoF

Residual 3601.768 74 48.673
Total 12173.188 79

For a regression model to be meaningful, there must be a linear relationship between the criterion variable and the
components of the predictor variable. The F test (ANOVA) was used to examine the existence of a linear relationship between
the criterion variable and the predictor variables. The F test in Table (5) indicates whether the regression model of the study is
a suitable model or not. Given that the significance level of the F test is less than 0.001, it indicates that there is a significant

linear relationship between the criterion variable and the components of the predictor variable.

Table 5 - Regression coefficients of the effect of teaching and learning styles on critical thinking skills

Model Unstandardized Standardized T Sig. Collinearity
Coefficients Coefficients
B Std. B Tolerance  VIF
Error
(Constant) 31.848 7.422 4.291 .001
Expert 1.656 1.159 .099 1429 157 181 1.024
Official 4.901 1.274 .263 3.846  .001 751 1.362
Authority
Interactive 4.017 1.179 .376 3.409  .001 871 1.593
Personal Model  2.581 1.188 235 2.172 .033 742 1.573
Facilitative 5.272 .978 402 5.447  .001 .865 1.680
Exploratory .203 1.522 .020 134 .894 162 1.055
Group .750 2.148 .156 .349 728 715 1.229
Experimental 1.905 1.917 .164 .994 324 .738 1.335
Structured .057 1.157 .006 .050 .961 152 1.061
Observational 1.983 .962 .280 2.060 .043 .753 1.456

The results of the analysis of the first and second hypotheses of the study, namely the prediction of critical thinking skills
based on teaching and learning styles using beta values and significance levels in the multiple regression test in Table (5),
indicated the confirmation of the hypothesis of both hypotheses. Based on the standardized beta value, the highest predictive
power among the predictor variables and the relative contribution of the predictive teaching and learning styles in the critical
thinking criterion variable, in order from large to small, include: facilitation teaching style (0.402), interactive teaching style
(0.376), observational teaching style (0.280), formal authority teaching style (0.263), personal model teaching style (0.235),
experiential learning style (0.164), and group learning style (0.156), and are significant. The predictive power of specialized
teaching style (0.019), exploratory learning style (0.032) and structured learning style (0.006) is not significant. Also, referring
to the values obtained in Table (4), regarding the determination of collinearity based on the tolerance coefficient value and
variance inflation factor (VIF) statistic, it shows that apart from specialized teaching style, exploratory learning style and
structured learning style, the rest of the teaching and learning styles have the necessary predictive power and the regression

model has a good fit.
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Conclusions

The aim of this study was to predict students’ critical thinking skills in chemistry based on teaching and learning styles. The
results of the study regarding the first and second hypotheses of the study showed that teaching styles (facilitative, interactive,
observational, formal authority, personal model) and learning styles (experiential and group) had a significant relationship with
students’ critical thinking skills, but the predictive power was not significant in specialized teaching style, exploratory learning
style, and structured learning style. The findings of the first part are consistent and similar to the results of the study of Ozturk
and Karakog (2023), in that students were mostly interested in group, experiential learning style, but were inconsistent with the
findings of the study of Mohammadpour et al. (2025), in that the exploratory teaching style significantly increased students'
academic achievement, practical, and critical skills in chemistry. Of course, this result is similar and in line with the findings
of Hosseinpour et al. (2022), who also found in part that the interactive teaching style significantly increases critical thinking
and problem-solving skills. Regarding this finding, it can be argued that students differ in terms of mental abilities, learning
methods, learning style and speed, readiness, interest, and motivation to acquire knowledge and carry out educational activities.
Among the various factors that cause differences between learners, what has attracted the attention of educational psychologists
and educational experts is the diversity of learning styles. On the other hand, the increase in social demand for continuing
education on the one hand and the lack of space and physical and material facilities on the other hand have caused the social
system to search for an alternative way to provide more services to its customers.

The education system as a social subsystem; although always with a delay; It seeks to provide alternative services, change
the organization of the teaching-learning process, and transfer knowledge, skills, and attitudes to its potential (learners)
(Farzalivand et al., 2023). In particular, several studies have shown that strengthening critical thinking skills can help improve
students’ creative and innovative abilities. These findings show that students who are strong in critical thinking skills are able
to provide more creative solutions to their academic problems and enjoy their learning process more (Chifamba and Vijaya,
2020) in which regard, the results of studies by Agikium (2021) and Hosseinpour et al. (2022) showed that the level of critical
thinking varies according to students' learning styles. Therefore, guiding students in the teaching and learning process requires
the expertise and awareness of teachers to recognize individual differences and provide different teaching solutions. In a study,
it was found that laboratory classes with an inverted room not only increase motivation and participation in the learning process,
but also improve learning outcomes by making students more involved in tasks and increasing students’ critical thinking skills.
The finding that group instruction plays a role in critical thinking skills is similar and consistent with the results of Coutinho's
(2022) study, who found that group involvement and participation of students in education also improves learning outcomes
and increases students' critical thinking skills.

Based on the research findings, it is recommended that administrators and curriculum planners take the necessary measures
to encourage and encourage teachers to use more teaching styles (facilitative, interactive, observational, formal authority,
personal model) and learning styles (group, experimental, and observational) by holding courses, discussions, and workshops.
Especially in learning styles, it is also recommended that chemistry teachers pay sufficient attention to abstract ideas, group
study, group discussions, study habits, and practical examples in learning styles. It is suggested that mixed research (quantitative
and qualitative) be conducted in future research related to the research topic to overcome some of the limitations related to data

collection through questionnaires, and that interview tools be used to collect the opinions of specialists and experts.
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