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Background: Numerous factors can influence students' academic achievement. Two important and
practical approaches in this area are metacognitive strategies and VARK learning styles, each
uniquely designed to facilitate learning and deepen understanding. Previous studies have separately
examined the effectiveness of each approach in enhancing students' learning and academic progress.
However, a significant research gap exists regarding a direct comparison of the effectiveness of these
two approaches in improving students' learning and academic achievement.

Aims: This study aimed to compare the effectiveness of VARK cognitive learning styles training and
metacognitive strategies on students' science achievement.

Methods: The present study employed a quasi-experimental design with a pre-test, post-test, control
group, and one-month follow-up. The statistical population included all first-grade male secondary
school students in Tehran in the 2020-2021 academic year, totaling 2,400 students according to the
latest official statistics from the Tehran Department of Education. Using convenience sampling, 69
students were selected and assigned to three groups (23 students per group). The first experimental
group received metacognitive strategy training, the second experimental group received VARK
learning styles training, and the control group received no intervention. Data were collected using a
researcher-made science achievement test. The data were analyzed using repeated measures ANOVA
in SPSS version 27.

Results: The results indicated that VARK cognitive learning styles training positively impacted
students' science achievement (P< 0.05). Additionally, metacognitive strategy training positively
affected students' science achievement (P< 0.05). Furthermore, findings showed a significant
difference in the impact of VARK cognitive learning styles and metacognitive strategies on science
achievement (P< 0.05).

Conclusion: The results of this study can assist educational policymakers and curriculum designers
in selecting appropriate methods to enhance students' learning and academic achievement.
Furthermore, the findings may serve as a valuable guide for teachers and educational counselors in
identifying and implementing effective teaching methods that meet the diverse learning needs of
students, thereby improving educational quality and supporting active and independent learning.
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Introduction

The process of learning is complex and multifaceted,
influenced by various cognitive, emotional, and
environmental factors. Among the many variables
that affect academic success, learning styles and
metacognitive strategies are critical components. The
interaction between these factors significantly
influences how students acquire, process, and retain
information, particularly in subjects that require
higher-order thinking and problem-solving, such as
science (Zhang et al., 2020). The aim of this study is
to examine the effectiveness of two instructional
approaches—VARK cognitive learning styles and
metacognitive strategies—on the science
achievement of students.

The VARK (Visual, Auditory, Read/Write, and
Kinesthetic) model of learning styles is one of the
most  widely  recognized  frameworks  for
understanding individual differences in learning
preferences (Childs-Kean et al., 2020). According to
the VARK model, students prefer to learn through
different modalities, and tailoring instruction to these
preferences can enhance their learning experience.
The visual learners benefit from diagrams, charts, and
visual aids, while auditory learners grasp information
better through listening. Read/Write learners prefer
written material and note-taking, and Kinesthetic
learners engage best with hands-on activities and
physical movement (El-Saftawy et al., 2024). Studies
have shown that aligning instructional methods with
students' preferred learning styles leads to better
retention, deeper understanding, and improved
academic performance (Hernandez et al., 2020;
Newton, 2015). The concept of learning styles has
generated considerable debate within educational
psychology. While some argue that adapting teaching
strategies to students’ learning preferences can
improve outcomes (Armstrong, 2012), others
question the validity and reliability of learning style
theories, suggesting that there is limited empirical
evidence to support their effectiveness (Rohrer &
Pashler, 2012). Despite this, VARK remains a
popular framework due to its simplicity and practical
applicability in educational settings. Recent studies
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have also indicated that when students receive
instruction that matches their learning style, they tend
to experience higher engagement and motivation,
which in turn can enhance their academic
achievement (Hasanzadeh et al., 2019; Zhang et al.,
2020).

The present study seeks to compare the effectiveness
of two educational interventions—VARK cognitive
learning styles training and metacognitive strategies
instruction—on students' science achievement. While
both approaches have been studied independently,
limited research exists that directly compares their
effectiveness in a single educational context,
particularly within the domain of science education.
By examining how each approach influences
students' learning and achievement, this study aims to
provide valuable insights into how educators can
optimize instruction to cater to diverse learner needs
and enhance academic outcomes in science.

This study is particularly relevant in light of the
increasing emphasis on personalized learning and the
need to address the diverse needs of students in
contemporary classrooms. With the rise of
educational technology and the move toward student-
centered learning, understanding how best to support
individual learners through tailored instructional
strategies is critical for fostering academic success.
By investigating the potential benefits of VARK and
metacognitive strategies, this research aims to
contribute to the ongoing discourse in educational
psychology and instructional design, providing
evidence-based recommendations for enhancing
students' science achievement.

Method

The present study employed a quasi-experimental
method with a pretest-posttest control group design
and a one-month follow-up. The study population
consisted of all first-year male secondary school
students in Tehran during the 2020-2021 academic
year, totaling 2,400 students according to the latest
official statistics from the Tehran Department of
Education. A sample of 69 students was selected
using convenience sampling. The G*Power software
was used to determine the sample size, estimating the
required number of participants for each of the three
groups as 23, based on a power of 0.8 and a
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significance level of 0.05. The inclusion criteria were
enrollment in the first year of secondary school,
informed consent with a signed consent form, and no
psychological issues, including learning disorders
(assessed via a clinical interview). The exclusion
criteria included a lack of willingness to continue
participation at any stage of the study and more than
three absences from the educational interventions.
Science Achievement Test: To measure achievement
in science, a researcher-made test was used, designed
based on a specification table to comprehensively
cover the science curriculum content. This tool
consisted of 30 multiple-choice questions evaluating
students' knowledge and understanding of scientific
concepts across three main sections: knowledge,
application, and analysis. Scores on this test ranged
from 0O to 20, with 0 as the minimum score and 20 as
the maximum. The test's reliability coefficient,
calculated using Cronbach's alpha, was 0.87,
indicating that the instrument was adequately reliable
for assessing students' academic progress in science.
Educational Protocols: This study included two
educational protocols. The first protocol focused on
teaching Pintrich’s (2004) metacognitive strategies,
aimed at enhancing students' cognitive abilities
through instruction in skills such as organizing,
planning, and monitoring their learning. This protocol
was implemented over nine 60-minute sessions, held
twice weekly, with session details provided in Table
1 in Persian section.

The second protocol involved training based on
Fleming and Mills' (1998) VARK learning styles,
which introduced students to visual, auditory,
reading/writing, and kinesthetic learning methods,
effectively improving their interaction with
educational content. This protocol was conducted
over four 90-minute sessions, held twice weekly, with
session details presented in Table 2 in Persian section.
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Results

The study participants included a total of 69 students,
divided into three groups of 23 students each. All
participants were male ninth-grade students. The
mean age in the first experimental group was 15.35
years (SD= 0.11); in the second experimental group,
the mean age was 15.25 years (SD= 0.43); and in the
control group, the mean age was 15.12 years (SD=
0.46).

To conduct repeated-measures analysis of variance
(ANOVA), preliminary assumptions were tested,
including normal distribution of scores, homogeneity
of variances, and sphericity of the covariance
matrices. The Shapiro-Wilk test was used to assess
normality, and Levene’s test was used to evaluate the
homogeneity of variances. Results indicated that the
significance level for academic achievement in
science was greater than 0.05 in all stages (P> 0.05),
confirming these assumptions. To assess the
sphericity of the covariance matrices, MBox’s test
was applied, yielding a value of 451.15 for academic
achievement in science (Sig= 0.500), indicating that
the significance level was greater than 0.05 (P> 0.05),
thus affirming this assumption as well. Additionally,
the mixed ANOVA results, using Wilks’ Lambda
test, were significant for the variables (P< 0.001,
F= 1313.24), explaining a substantial proportion of
variance by the test. The significance of the test
indicates that at least one of the between-group or
within-group ~ comparisons  was  statistically
significant. To verify the consistency of covariances
across the three measurement stages (pretest, posttest,
and follow-up) for the variables, Mauchly's test of
sphericity was applied. Results indicated that
Mauchly's value for academic achievement in science
was 0.773 (Sig= 0.001, X2= 0.8150), confirming that
the assumption of covariance equality across
observations was met.

Table 1. Results of repeated measures analysis of variance of WARK and metacognitive training in science lesson progress by time and

groups
Source SS df MS F Sig Eta
Time 138.290 2 69.145 38.37 0.001 0.368
Group 233.420 2 116.710 10.80 0.001  0.247

Time * Group 178.551 4 44.63 24.77 0.001 0.429
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According to the findings in the table, there was a
significant difference in the mean academic
achievement scores in science across the three stages
of the study (P< 0.001). Additionally, there was a
significant difference in the mean scores of this
variable between the experimental and control groups
(P<0.001). Results revealed that approximately 24%
of the individual differences were related to
differences among the three groups. Furthermore, the
interaction between time and group membership was
significant (P = 0.001), indicating that differences in
science scores across pretest, posttest, and follow-up
times were significant in all three groups. The degree
of this difference was approximately 0.429, meaning
that 42% of the variance or individual differences
were related to the differences between the three test
stages and group membership.

Given the significant differences among the pretest,
posttest, and follow-up stages, as shown in the table,
paired comparison results for the three stages of the
study were examined using Bonferroni's post hoc test,
presented in Table 2.

The results of the paired comparisons of means across
the three test stages, shown in Table 2, indicate that
for academic achievement in science, the difference
between the pretest and posttest (P= 0.001) and
between the pretest and follow-up (P= 0.001) were
significant; however, the difference between the
posttest and follow-up was not significant. To
estimate the effect size of each of the VARK and
metacognitive instructional strategies on academic
achievement in science, results of the parameter
estimates were presented to compare the three groups
across stages. Findings indicated that the impact of
metacognitive strategy training compared to VARK-
based learning style instruction on science
achievement was not significant. Thus, there was no
significant difference between these two instructional
methods in teaching science.

Table 2. Pairwise comparison table of average science course
progress scores at three times

Group Mean differences STD Sig
Pre test — Post test *-1.855 0.223  0.001
Pre test — Follow up *-1.580 0.250 0.001
Post test — Follow up 0.275 0.211  0.588
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Conclusion

The objective of the present study was to compare the
effectiveness of cognitive learning styles training
based on the VARK model and metacognitive
strategies on students' academic achievement in
science. One of the study's findings indicated that
VARK cognitive learning styles training positively
impacted students’ science achievement. This finding
aligns with studies by Attar Khameneh and Seif
(2009), which demonstrated the impact of VARK
strategies on learning and academic achievement, as
well as research by Taheri et al. (2021) and
Padmalatha et al. (2020), which highlighted the
effectiveness of VARK strategies on science
achievement. From the perspective of learning styles
theory, it can be explained that the VARK model,
which focuses on four styles—Visual, Auditory,
Read/Write, and Kinesthetic—proposes that learning
is more effective when educational content aligns
with the individual’s learning style. Research shows
that learning adapted to students' cognitive styles
increases attention, motivation, and comprehension
of educational content (Pashler et al., 2008; Newton,
2015). This finding also supports information
processing theories, which posit that matching
content with students’ learning preferences facilitates
cognitive processing, thus enhancing comprehension
and recall (Mayer, 2019). Finally, the person-
environment fit theory further explains that aligning
individual characteristics (such as learning style) with
the educational environment enhances students' sense
of competence and satisfaction in teach (Eccles &
Roeser, 2011).

Another finding of this study is the impact of
metacognitive strategy-based training on academic
achievement. This finding is consistent with studies
by Khodabandeh et al. (2014), Kim et al. (2013), and
Kim and Gilbert (2015). Based on the self-regulation
theory in learning, this finding can be explained by
emphasizing the critical role of metacognitive
strategies in effective learning. This theory suggests
that metacognitive strategies act as tools for
monitoring, evaluating, and regulating learning,
allowing students to actively control their learning
process (Faheem et al., 2021). Metacognitive
strategies, such as planning, self-monitoring, and
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evaluation, assist students in assessing their learning
step-by-step, making more informed decisions, and
responding effectively to learning challenges and
obstacles (Zimmerman, 2002). These strategies not
only aid students in identifying their strengths and
weaknesses but also enable them to adapt strategies
to overcome difficulties and improve performance.
This process ultimately leads to deeper learning and
enhanced abilities to solve more complex science-
related problems (Prashar et al., 2019). Information
processing theory also highlights the role of
metacognitive strategies in strengthening learning.
According to this theory, metacognition, as a key
component of information processing, helps students
optimize their cognition through self-monitoring and
regulation, leading to more accurate and thorough
processing of information. From this viewpoint, the
use of metacognitive strategies enhances cognitive
functions such as attention and memory, enabling
students to process and recall information more
effectively (Ghadampour et al., 2018). By employing
metacognitive strategies, students can become aware
of learning obstacles and adjust their learning
methods to overcome these challenges. Previous
research has also demonstrated that metacognitive
strategies significantly increase self-awareness, self-
control, and independence in learning (Khodabandeh
et al., 2014). Students who use these strategies show
greater responsibility in their learning process,
transitioning from reliance on teachers to becoming
more independent learners. Additionally, these
strategies improve students' ability to understand and
analyze scientific content, directly impacting their
academic achievement.
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