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ABSTRACT

Numerous studies indicate that mathematical concepts play a significant role
in enhancing understanding scientific concepts and increasing students’ academic motivation. This study
aimed to study the role of computational skills and mathematical ability in predicting academic motivation
and understanding chemistry concepts among students. VISTROEsE 10 this study, a descriptive-correlational
research method was employed. The statistical population consisted of 10" and 11" grade male students of
experimental sciences in District 5 of Tabriz in Academic year 2024-2025. The statistical sample included
169 Male students of experimental sciences (87 students in the 10" grade and 82 students in the 11™ grade),
selected by multistage cluster sampling. Participants completed two standardized questionnaires: the ‘Harter
Academic Motivation Scale’ and the ‘Renzulli Computation Skills Scale’. Additionally, teacher-made
mathematical ability and chemistry skills tests were administered to them. The data were analyzed using
correlation and regression analysis to assess the relationship between computational skills and mathematical
ability with academic motivation and chemistry ability. h The results showed that computational
skills and mathematical ability have a significant positive correlation with students’ academic motivation and
can predict 38% of the changes in it. Furthermore, computational skills and mathematical ability have a
significant positive correlation with students’ chemistry skills and can predict 30% of the changes in chemistry
skills. h Computational skills and mathematical ability play an important role in improving the
understanding of chemical concepts and increasing learning motivation. As the results indicate, strengthening
computational skills and mathematical ability in educational programs can be employed as an effective method
to increase academic motivation and enhance understanding chemical concepts among science students.
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Extended Abstract

Introduction

In recent decades, the significance of mathematical and computational skills in understanding scientific
concepts has garnered considerable attention in educational research. The interplay between mathematics and
science education is crucial, particularly in chemistry, where quantitative reasoning underpins key topics such
as chemical reactions, stoichiometry, and molecular interactions. Numerous studies highlight that proficiency
in mathematical skills enhances students’ ability to grasp complex scientific concepts and boosts their
motivation to learn these subjects.

Despite the acknowledged importance of these skills, limited research has explicitly examined how
students’ computational and mathematical abilities influence their success and understanding in chemistry,
especially within secondary education contexts. This gap has significant implications for instructional
strategies, curriculum development, and student achievement, particularly in settings where mathematical
competence varies widely among learners.

Student motivation plays a key role in academic and life success, yet it is often overlooked. Research
findings indicate that teachers need to enhance motivation by creating an active learning environment and
providing opportunities for self-direction to improve academic performance. In the field of basic science
education, boosting students’ academic motivation is considered a key objective of the educational system.
Well-designed educational content and teaching methods can effectively sustain and strengthen this
motivation. Chemistry, as one of the core subjects in high school level basic science education, plays a
significant role in developing problem-solving and critical thinking skills.

The results of research conducted by Carter (2019) indicate that strengthening mathematical skills can be
effective in improving the learning process of chemistry concepts and increasing students’ motivation. In his
study, Carter demonstrated the importance of science education and highlighted the negative impacts of
weaknesses in science education on future-building, society, and identity formation. He also emphasized the
role of teacher training in enhancing this field. The research by Golestaneh et al. (2024), indicates that in Iran’s
educational system, the emphasis in chemistry education is placed on complex numerical calculations. In
contrast, the English educational system focuses on a conceptual-applied approach. This emphasis in England
might lead to reduced student interest due to a lack of understanding regarding the practical connection of
concepts to everyday life. Research conducted by Hattie (2009) shows that weaknesses in understanding
mathematical concepts not only lead to misconceptions in calculations related to chemistry concepts but also
reduce students’ academic motivation when encountering interdisciplinary concepts.

The conducted study at the higher education level indicates that learning mathematical concepts is
fundamental to understanding physical chemistry courses. The results of one study revealed that students
struggle with applying mathematical expressions in physical chemistry and require problem-based training and
effective integration of mathematics, physics, and chemistry. Additionally, the findings showed that instructors
should implement interactive activities and hands-on experiments to enhance students’ comprehension,
promote deeper conceptual understanding, and strengthen their ability to analyze mathematical problems in
the context of physical chemistry. Another study demonstrates that mathematics plays a crucial role in physics
education, and the reciprocal relationship between the two significantly impacts learning. Research suggests
that teaching mathematical prerequisites reduces students’ knowledge gaps and significantly improves
academic performance in physics.

The present study seeks to address this gap by exploring the relationship between computational skills,
mathematical abilities, students’ motivation, and their understanding of chemistry concepts among high school
students in Tabriz, Iran. Specifically, the study investigates whether computational skills and mathematical
abilities can serve as predictors of motivation and comprehension in chemistry. The novelty of this study lies
in its focus on secondary education students in a specific regional context, using standardized measurement
tools to evaluate these variables comprehensively.

The major contributions of this research include demonstrating the significant predictive role of
mathematical skills in chemistry achievement and motivation, grounded in cognitive theories such as Sweller’s
Cognitive Load Theory, which explains how foundational skills reduce cognitive load and facilitate higher-
order understanding. The findings aim to inform educators, curriculum developers, and policymakers about
the importance of integrating targeted mathematical skill development into science education to enhance
students’ learning outcomes.

The existing findings highlight the importance of mathematical and computational skills in learning
chemistry, as mastery of concepts such as ratios and the four basic operations—which form the foundation of
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algebraic methods—is a prerequisite for a proper understanding of stoichiometry. According to these studies,
it appears that strengthening students’ mathematical abilities can enhance both their understanding of chemical
concepts and their academic motivation, an issue that requires greater attention in Iran’s educational system.

Based on the findings and reviews conducted, it seems there is still room for further exploration of the
complete and synergistic relationship between computational skills, mathematical ability, and academic
motivation in chemistry education at schools. Most existing research has focused on general and international
correlations, while there is a lack of practical and experimental studies at the regional level, particularly in
secondary education in Iran. Additionally, the role of computational skills and mathematical ability in
predicting chemistry proficiency and academic motivation has not been examined.

Methods
This study employs a descriptive-correlational research design to systematically examine the relationships
between computational skills, mathematical ability, motivation, and chemistry proficiency. The statistical
population consists of all secondary school students enrolled in the second year of high school (grades 10 and
11) in Tabriz during the academic year of 2023-2024. A multistage random cluster sampling method was used
to select a representative sample of 169 students, including 87 students from grade 10 and 82 from grade 11.

Data collection instruments comprised several standardized and researcher-made tools to ensure
reliability and validity. The primary instruments included the Renzulli Calculations Skills Questionnaire
(2021), designed to assess students’ computational proficiency in arithmetic and algebraic operations critical
for chemistry, and the Harvey Motivation for Learning Chemistry Questionnaire (1988), which measures
dimensions of students’ motivation toward chemistry learning. Additionally, researcher-developed tests in
chemistry and mathematics were administered to evaluate students’ academic skills in these subjects. The
validity of the tools was established through expert review, and their reliability was confirmed via Cronbach’s
alpha, with values exceeding acceptable thresholds (o > 0.70). Data were analyzed using Pearson’s correlation
coefficient to assess the relationships between variables, as well as multiple regression analysis to determine
the extent to which computational skills and mathematical ability predict students’ motivation and chemistry
proficiency.

The analysis process involved checking assumptions of normality, linearity, and multicollinearity to
ensure the appropriateness of the regression models. Statistical computations were performed using SPSS
software (version 26).

Results and Discussion

Table 1 shows the results of the Pearson correlation test for the relationship between research variables.
The results of show that in the relationship between academic motivation and chemistry skills, the correlation
rate for computational skills (0.44) and for mathematical ability (0.52) is significant at a level smaller than
0.01; therefore, the relationship between academic motivation, computational skills, and mathematical ability
with chemistry skills can be confirmed.

Table 1. Results of Pearson Correlation Test for the Relationship between Research Variables

variables 1 2 3 4
| Academic motivation Pearson Correlation 1 441%* 615%* .624%*
’ Sig. (2-tailed) .000 .000 .000
2 Computational skills Pearson Correlation A471%* 1 541 ** 445%*
: P Sig. (2-tailed) .000 .000 .000
. . Pearson Correlation 615%* 541** 1 523%*
3. Mathematical ability Sig. (2-tailed) 000 000 000
4 Chemistry skills Pearson Correlation .624%* 445%* .523%* 1
) Y Sig. (2-tailed) .000 .000 .000

**_Correlation is significant at the 0.01 level (2-tailed).

Table 2. Summary of the Results of Multiple Regression Analysis in Predicting Chemistry Skills and
Academic Motivation based on Computational Skills and Mathematical Ability
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Model R R Square Adjusted R Std. Error of the
Square Estimate
Academic motivation .628a .395 388 8.60022
Chemistry skills 557 a 311 302 3.22293

Table 2 shows the results of the regression analysis for both criterion variables. It can be seen that there is
a correlation of 0.62 between computational skills and mathematical ability and academic motivation. The
adjusted R2 obtained is equal to 0.38, which indicates that these predictor variables can predict 38 percent of
the changes in the academic motivation variable. There is also a correlation of 0.55 between computational
skills and mathematical ability and chemistry skills. The adjusted R2 obtained is equal to 0.30, which indicates
that these predictor variables can predict 30% of the changes in the chemistry skills variable.

The analysis revealed significant and positive correlations between students’ computational skills,
mathematical abilities, and both their chemistry-related skills and learning motivation. Specifically, the
findings indicated that students with higher levels of proficiency in calculations and mathematics tend to
demonstrate stronger understanding of chemistry concepts, as evidenced by their scores in chemistry tests. The
correlation coefficients ranged from moderate to strong, confirming the substantial association between these
variables.

Furthermore, regression analysis demonstrated that computational skills and mathematical abilities
collectively accounted for approximately 38% of the variance in students’ motivation toward chemistry. This
suggests that greater competence in mathematics significantly contributes to increased motivation by reducing
cognitive barriers and fostering confidence in mastering chemistry. Similarly, these skills accounted for
approximately 30% of the variance in students’ chemistry skills, underscoring their predictive power.

The results can be contextualized within Sweller’s Cognitive Load Theory. As students develop
foundational mathematical skills, their cognitive resources are less burdened by basic calculations, enabling
them to better focus on understanding complex chemical phenomena. This explains why students proficient in
calculations and algebra typically show deeper comprehension and greater motivation in chemistry learning.
The discussion aligns with previous research by Croto et al. (2007), Charnak (2016), Penque and Saeedi (2020),
Scott (2012), and Carter (2019), which all emphasize the importance of mathematical skills in scientific
understanding. For example, Charnak (2016) noted that students applying algebraic methods to balance
chemical equations perform better in understanding quantitative relationships. These findings reinforce the
need to integrate structured mathematical skill development within science curricula to foster better learning
outcomes and motivation.

Conclusion

The study concludes that computational skills and mathematical abilities play a crucial role in enhancing
students’ understanding of chemistry concepts and increasing their motivation to learn. These skills serve as
significant predictors of academic success in chemistry, with up to 30-38% of the variance in students’
chemistry achievement and motivation explained by mathematical competence.

Given these findings, educational stakeholders must recognize the importance of strengthening
computational skills from the early stages of science education. Developing curriculum interventions focused
on improving mathematical proficiency can substantially contribute to better comprehension of chemical
concepts and higher motivation levels among students. Such efforts could involve integrating math-focused
exercises in chemistry lessons, providing supplementary tutoring, and designing instructional activities that
explicitly link mathematical reasoning to chemical phenomena.

Generally, the results advocate for a more integrated approach to teaching science and mathematics,
emphasizing foundational skills as a cornerstone for academic achievement and motivation. Future research
should explore longitudinal implications and the effectiveness of specific instructional strategies aimed at
enhancing mathematical competence to further support science education improvement.
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