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ABSTRACT

Background and Objectives: The main purpose of the present research is to determine the effectiveness of
the inquiry method in improving students' academic achievment, practical skills, and inference power in the
chemistry course, which was implemented on the topic of temperature and heat. Methods: The research
method is semi-experimental with a a pre-test and post-test design having a control group. The population
of the study comprised of all tenth-grade female students in the Torghabeh-Shandiz region of Mashhad
during the academic year of 2023-2024. A random sample of 4 Ostudents was finally selected for the study.
In the experimental group, during 10 sessions of 120 minutes, the subject of temperature and heat was
taught by inquiry method. On the other hand, in the control group, traditional method of teaching was used.
A researcher-made written test was used to check students' learning about temperature and heat, and another
researcher-made practical test was used to check their practical skills. Experienced physics teachers and
professors checked the validity of the tests. Cronbach's alpha coefficient was 0.87 and 0.89, respectively,
showing acceptable reliability values. Students’ inference power was also measured through the California
Critical Thinking Questionnaire Form B. Data were analyzed using multivariate analysis of covariance and
SPSS 24 software. Findings: The results showed 27.4% more learning, 47.2% higher practical skills, and
41.8% higher inference power in students as a result of being taught by the inquiry method. Conclusion:
The inquiry method significantly enhances students’ academic achievement, practical skills, and inference
power in chemistry, indicating its effectiveness as a teaching strategy.

Keywords: Inquiry method, Academic achievement, Practical skills, Inference power, Heat and temperature.

RESEARCH ARTICLE

Received: 12 November 2024
Revised: 24 December 2024
Accepted: 18 January 2025
Published online: 19 January 2025
Print ISSN: 3041-9271

ISSN (Online): 2717-2279

Citation: Mohammadpour, F.; Ebrahimi-Dabbah, M.; Dashti, M. (2025). Evaluation of
the effectiveness of inquiry method in improving students' academic achievement,
practical skills, and inference power in chemistry course. Research in Chemistry
Education, 7(2), 72-90.

d https://doi.org/10.48310/chemedu.2025.17567.1283

© The author(s)
Publisher: Farhangian University



https://orcid.org/0000-0001-7799-9914
https://orcid.org/0000-0003-1322-0371
mailto:f.mohammadpour@cfu.ac.ir
https://portal.issn.org/resource/ISSN/3041-9271
https://portal.issn.org/resource/ISSN/2717-2279
https://chemedu.cfu.ac.ir/
https://doi.org/10.48310/chemedu.2025.17567.1283

Research in Chemistry Education o gl 30 g}

Extended Abstract

Introduction

The comparative study of education systems across various countries indicates a strong correlation
between educational reform and overall growth and development. Societies with advanced educational
frameworks demonstrate significant scientific, economic, technological, and social welfare advancements.
One major objective of education, particularly in fundamental sciences, is to cultivate problem-solving
abilities, creativity, and innovation among students. These skills can be effectively developed through
active teaching methods.

However, it is often observed that learners are confined within the classroom context, required to
progress through specific content and activities dictated by the teacher and textbooks, limiting their
opportunities for independent thinking, creativity, and experimentation. This passive learning approach
undermines their intellectual independence. Unfortunately, many educational systems neglect creative
thinking, with textbooks typically presenting a mere accumulation of scientific events. Consequently,
teachers often resort to traditional methods that stifle students’ opportunities for critical thinking and
creativity.

Educational theorists such as Jean Piaget argue that learning is an active process where individuals
engage with their environment to acquire knowledge. Piaget emphasizes that children do not passively
absorb knowledge; instead, they actively seek motivation and interpret their surroundings to devise
cognitive solutions to problems. John Dewey contrasts progressive education with traditional methods,
advocating for free exploration over rigid content delivery through textbooks and teachers. He promotes
project-based and problem-solving approaches in science education, favoring hands-on learning
experiences over rote memorization.

Inquiry-based learning places students in situations where they can explore and investigate problems
using evidence, leading to personal conclusions. This approach not only enhances academic achievement
but also instills scientific attitudes and methodologies in students. The teacher’s role is pivotal, guiding
the inquiry process, which may range from unguided to fully guided exploration. The choice of inquiry
method depends on the educational objectives, the teacher’s experience, and creativity in posing guiding
questions.

Research indicates that the timing of a teacher’s questions—whether posed at the beginning or end of
a lesson—can significantly influence student performance. Previous studies have shown that inquiry-
based teaching positively impacts students’ academic progress and prepares them for future societal and
industrial challenges.

The research problem addresses the necessity for educational systems to adapt teaching methods,
particularly in fundamental sciences like chemistry and physics, to enhance student engagement and
understanding. Traditional teaching methods, which place teachers as primary information sources and
students in passive roles, diminish motivation and hinder deep comprehension of scientific concepts.
Active and participatory teaching methods, particularly inquiry-based approaches, can foster critical
thinking and problem-solving skills among students.

Despite the recognition of these methods’ importance, traditional teaching persists in many physics
and chemistry classrooms, often due to challenges such as resource shortages, large class sizes, and
insufficient teacher training in innovative pedagogies. This research aims to evaluate the effectiveness of
inquiry-based teaching in the context of temperature and heat in chemistry, providing empirical evidence
on its impact on student learning and scientific skills. Identifying existing barriers to implementing this
approach is crucial for enhancing educational quality and learning outcomes.

The study seeks to determine the effectiveness of inquiry-based teaching on students’ academic
achievement, practical skills, and reasoning abilities in 11th-grade chemistry, specifically focusing on the
topic of temperature and heat. The research hypotheses include:

1. Inquiry-based teaching positively affects students’ academic achievement in chemistry.
2. Inquiry-based teaching enhances students’ practical skills in chemistry.
3. Inquiry-based teaching improves students’ reasoning abilities in chemistry.

Methodology

The present study is applied in nature and employs a quasi-experimental pretest-posttest design with a
control group. The research population consists of all female students in the 11th grade of the secondary
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education system in the Torghabeh-Shandiz region of Mashhad during the academic year 2023-2024,
totaling 80 students. Sampling was conducted through convenience sampling, selecting the Fatemeh
Zahra High School, where 40 students from the experimental science track were chosen. These students
were matched for prior academic achievement based on their 10th-grade final grades, ensuring
homogeneity in their academic performance.

With the cooperation of the school administration, the selected students were randomly divided into
two groups of 20: a control group and an experimental group. The topic of temperature and heat from
11th-grade chemistry was chosen for instruction. In a series of 10 sessions, each lasting 120 minutes, the
control group received traditional instruction, while the experimental group was taught using an inquiry-
based approach.

The study aimed to assess the impact of the teaching method on three dependent variables: 1)
students’ academic achievement, 2) improvement in practical skills, and 3) their reasoning abilities.
Academic achievement was evaluated through a researcher-developed written test, while practical skills
were assessed using a 20-point practical exam conducted in the chemistry laboratory. The validity of the
test questions was confirmed by chemistry teachers and educational experts.

Reliability was measured using Cronbach’s alpha, yielding values of 0.87 and 0.89, indicating
adequate reliability for the tests. Additionally, reasoning abilities were measured using 16 questions from
the California Critical Thinking Skills Test (Form B), which was also validated by experts in the field,
achieving a reliability score of 0.91.

Data analysis was performed using descriptive and inferential statistics with the SPSS software
version 24.

Discussion and Results

To investigate the impact of the inquiry-based teaching method on students’ academic achievement,
practical skills, and reasoning abilities in chemistry, both descriptive statistics (such as mean and standard
deviation) and inferential statistics (ANCOVA) were employed. The descriptive results concerning the
influence of the inquiry-based teaching approach are summarized in Table 1.

Table 1- Descriptive statistics for academic achievement, practical skills, and reasoning abilities of
students in chemistry

Standard
Variable Group Test N Mean Deviation
Control Pre-test 20 12.25 1.41
Post-test 20 12.70 1.86
Academic Achievement Experiment Pre-test 20 12.95 2.18
Post-test 20 15.05 1.64
Control Pre-test 20 12.70 1.13
Post-test 20 13.05 1.60
Practical Skills
Experiment Pre-test 20 12.80 1.40
Post-test 20 15.80 1.40
Control Pre-test 20 7.35 1.46
Post-test 20 7.55 2.04
Reasoning Ability
Experiment Pre-test 20 7.75 1.61
Post-test 20 10.70 1.45

As shown in Table 1, the average scores for academic achievement in the temperature and heat topic
from a maximum of 20 points increased from 12.25 in the pre-test to 12.70 in the post-test for the control
group (traditional method). In contrast, the experimental group (inquiry-based method) improved from
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12.95 in the pre-test to 15.05 in the post-test, indicating a significant enhancement in academic
achievement.

In practical skills, the control group scored an average of 12.70 in the pre-test and 13.05 in the post-
test, while the experimental group improved from 12.80 to 15.80, reflecting a notable increase in practical
skills due to the inquiry-based method. For reasoning ability, the control group’s scores were 7.35 (pre-
test) and 7.55 (post-test), whereas the experimental group increased from 7.75 to 10.70, demonstrating
improved reasoning capabilities.

Hypothesis 1: Inquiry-based Teaching Positively Affects Academic Achievement

To assess the significance of the differences in academic achievement scores between the two groups,
a t-test was conducted. The results indicated a significant difference in the mean scores between the
experimental and control groups (t (38) = -4.232, p < 0.001), confirming that the inquiry-based teaching
method resulted in a significant improvement in academic achievement.

Hypothesis 2: Inquiry-based Teaching Positively Affects Practical Skills

A similar t-test was conducted for practical skills, yielding significant differences as shown in Table 5.
The experimental group showed a higher average score (t (38) = -5.776, p < 0.001), confirming that the
inquiry-based approach enhanced practical skills significantly.

Hypothesis 3: Inquiry-based Teaching Positively Affects Reasoning Abilities

A t-test for reasoning abilities also demonstrated significant differences, as indicated in Table 8. The
experimental group outperformed the control group (t (38) = -5.625, p < 0.001), confirming that the
inquiry-based teaching method significantly improved reasoning abilities.

Conclusion

This study aimed to determine the effectiveness of the inquiry-based teaching method on students’
academic achievement, practical skills, and reasoning abilities in chemistry, specifically focusing on the
topic of temperature and heat for 11th-grade students.

The analysis showed a significant difference in academic achievement scores between the
experimental group (inquiry-based method) and the control group (traditional method), with the
experimental group demonstrating a 27.4% higher improvement. This finding is consistent with previous
research indicating that inquiry-based teaching positively affects academic performance and self-efficacy.
Additionally, significant improvements were observed in practical skills, with the experimental group
achieving 47.2% higher scores than the control group, emphasizing the effectiveness of active learning
approaches in science education.

Moreover, the results indicated that the experimental group also outperformed the control group in
reasoning abilities, showing a 41.8% increase. This highlights the role of inquiry-based methods in
enhancing students’ cognitive skills through active engagement in the learning process.

Overall, the study’s hypotheses were confirmed, suggesting that inquiry-based teaching significantly
improves academic performance, practical skills, and reasoning abilities in chemistry. The findings align
with various studies that have reported positive impacts of this teaching method on different educational
variables, including observation skills and critical thinking.

The research underscores the importance of active and participatory teaching methods in enhancing
educational quality, particularly in scientific disciplines like chemistry. It is recommended that future
researchers explore and compare different teaching methods, especially those that are active and inquiry-
based, to further elucidate their impact on learning and understanding in chemistry. Additionally,
developing assessment tools to comprehensively evaluate critical thinking, creativity, and practical
abilities will be beneficial.

Despite some limitations, such as insufficient time for covering all topics and variability in teacher
preparedness, the study contributes valuable insights for improving chemistry education and suggests
avenues for future research in this area.
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