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ABSTRACT
Understanding how individuals learn best, known as learning style, is integral to optimizing educational outcomes. 
This analytical study was conducted among students in their fourth year who finalized their problem-based activ-
ities at the College of  Medicine, University of  Bisha, Saudi Arabia. The visual, aural, read/write, and kinesthetic 
(VARK) model was adopted to assess individual differences in learning preferences and their correlation with aca-
demic achievement in the problem-based learning (PBL)-dependent curriculum. The online self-administered survey 
was completed by 64 students with a response rate of  79%. Of  these, 63.5% were men and 36.5% were women, with 
a mean age of  21.9 years and a grade point average (GPA) of  3.83. Analysis of  learning style distribution revealed that 
34.9% preferred visual, 54% preferred auditory, 17.5% preferred read/write, and 90.5% preferred kinesthetic styles. 
Also, combined learning modalities revealed that 14.3% preferred unimodal, 74.6% bimodal, and 11.1% trimodal 
approaches. The most frequent unimodal approach was kinesthetic, while auditory/kinesthetic and visual/auditory/
kinesthetic were the predominant bimodal and trimodal preferences. No significant differences in GPA were found 
among students with different selective learning styles or combined learning modalities, as determined by one-way 
ANOVA and chi-square tests. Spearman's rho correlation revealed a positive correlation between the learning mo-
dality and the auditory style (P < 0.001). Also, a negative correlation was identified between reading/writing versus 
kinesthetic and auditory versus visual learning styles (P = 0.001). However, no significant correlations were identified 
between grades or GPA and specific learning styles. It can be concluded that the integrated PBL-dependent curric-
ulum adopted at the College of  Medicine, University of  Bisha, is a suitable teaching modality satisfying different 
learning styles, but continuous monitoring is crucial.
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INTRODUCTION

To facilitate better knowledge dissemination, education has 
shifted from the conventional teacher-centered approach to an 
integrated, student-centered model that fosters support and en-
courages learners [1]. Measuring learning achievements is one of  
the most critical indicators to evaluate the success of  the learning 
process [2]. Learning outcomes can be significantly influenced 
by a variety of  internal factors, as well as external environmental 
influences. Learning style preference is a major internal factor 
affecting learning outcomes [3]. The learning style is the unique 
physiological method by which a person can perceive, realize, ap-
proach, evaluate, and retain information [4]. Identifying students' 
learning styles has recently been considered a cornerstone in the 
learning process to improve performance, enhance engagement, 
minimize learning time, and boost outcomes [5]. 

Several authors have proposed and validated variable scales 
to evaluate students' learning approaches and perceptions. For 
instance, Riechman and Grasha scales categorized learning styles 
into six types: avoidant, competitive, participant, collaborative, 
dependent, and independent [6]. Gregorc divided the popula-
tion into four sections according to their mind's ability to perceive 
and process information: concrete random, concrete sequential, 
abstract random, and abstract sequential [7]. Also, Fleming de-
scribed the visual (V), aural (A), read/write (R), and kinesthetic 
(K) models of  learning [8]. The Dunn and Dunn learning style 
model identified emotional, environmental, physiological, socio-
logical, and psychological influences affecting learning [9]. In 
addition, Kolb outlined a four-step learning process: concrete 
learning, reflective observation, abstract conceptualization, and 
active experimentation [10], while McCarthy's model focused 
on perceiving and processing information through four different 
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learner appeals: why, what, how, and what if  [11]. Moreover, the 
index of  learning styles assessed learning preferences based on 
four dimensions: active/reflective, sensing/intuitive, visual/ver-
bal, and sequential/global [12]. Reid’s perceptual learning styles 
were built on using one or more senses (auditory, visual, kines-
thetic, tactile) to understand, organize, and retain knowledge 
[13]. One of  the most widely used instruments, described by 
Fleming and Baume (VARK), categorizes learning preferences 
into four perception styles. For example, visual learners learn by 
observing images, figures, and videos, while aural learners thrive 
by listening to lectures. Reading-writing learners prefer to absorb 
information through reading texts and taking notes, whereas kin-
esthetic learners learn best by touching and manipulating objects 
during learning [14]. 

Several studies reported different factors with bimodal rela-
tionships with the preferred learning style. The type of  curricu-
lum is considered one such debated factor. Controversial results 
were reported regarding the preference for problem-based learn-
ing (PBL) curricula as a multimodal approach over lecture-based 
curricula in accommodating a broader range of  learning styles 
and dealing with a deeper approach to learning [15-17]. Also, 
various studies elaborated on the great debate regarding aca-
demic achievement as an influencing factor in learning styles [1, 
18, 19]. This discrepancy has raised the need for further investi-
gations to assess the multifactorial relationship between the stu-
dent's learning style and academic achievement, considering the 
type of  curriculum. These investigations could add to the body 
of  literature and be valuable in aligning teaching modalities with 
learners' needs to achieve better outcomes. The College of  Med-
icine, University of  Bisha, Saudi Arabia, adopted an integrated, 
student-centered, PBL-dependent curriculum with a multi-strat-
egy approach, which requires continuous evaluation and refine-
ment [20]. To improve the learning experience, this study was 
designed to assess individual differences between learners ac-
cording to the VARK model and to evaluate their associations 
with sociodemographic characteristics and academic achieve-
ment by the end of  the PBL-dependent phase of  the curriculum.

MATERIAL AND METHODS

A cross-sectional analytical study was conducted at the Col-
lege of  Medicine, University of  Bisha, Saudi Arabia. The study 
population included all students registered in the second semester 
of  the fourth year during the academic year 2022-2023 (81 stu-
dents). The sample was comprehensive and homogenous in aca-
demic background and age. The first inclusion criteria required 
that students successfully completed their first semester without 
failure, postponement, or prohibition, and the second criterion 
was the willingness to participate in the study. The integrated 
curriculum at the College of  Medicine, University of  Bisha, Sau-
di Arabia, consists of  two main phases. The first phase includes 
teaching activities such as PBL, team-based learning (TBL), and 
seminars, and the second phase includes case-based learning 
(CBL), TBL, and seminars. Fourth-year students were selected 
because they finalized the first phase of  their integrated curricu-
lum, including all the PBL activities requested. 

A pre-validated, self-administered online questionnaire was 
developed using Google Forms and distributed to all students 
via WhatsApp. The questionnaire started with an introduction 
explaining the objectives of  the study, consent, voluntary partic-
ipation, anonymity, confidentiality of  responses, and the option 

for participants to learn about their learning style post-analysis. 
The first section of  the survey included primary sociodemo-
graphic characteristics, including age, gender, and Grade Point 
Average (GPA) obtained at the end of  the last semester. The 
second section included the previously validated and published 
online VARK questionnaire version 8.0, which consists of  16 
questions with four options representing various learning styles. 
Respondents could select multiple options based on their pref-
erences in the described scenarios. The questions in the survey 
inquire about the preferred modality for dealing with specific sit-
uations, such as selecting a career or area of  study, determining 
what is important for the individual, and identifying how they 
would learn most effectively from different instructional formats. 

Figure 1. Graphical distribution of grades achieved by students at 
the end of the last semester Values are presented as percentages
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Whitney U test for variables with two groups and ANOVA for 
more than two groups. The chi-square test and non-parametric 
Spearman's rho correlation assessed the relationship between 
different variables. Significance was considered when P < 0.05. 

RESULTS

The survey was distributed to a total of  81 students, result-
ing in a response rate of  78% (63 respondents). All participants 
were enrolled in level eight (second semester of  year four) for the 
academic year 2022/2023 without any postponements or prohi-
bitions. Among the respondents, 63.5% were male participants, 
and 36.5% were female participants. The mean age of  students 
was 21.9 ± 0.928. Their GPA ranged from 2.50 to 4.91, with a 
mean ± SD of  3.83 ± 0.634. Grades B and C had the highest 
frequency among respondents (19% each), followed by grade A 
(17.5%) and grades B+ and C+ (15.9% each). It was interesting 
to find that the highest grade (A+) and the lowest grade (D) had 
the same frequency (4.8%). The frequency distribution of  grades 
achieved by respondents is presented in Figure 1. 

Selective learning style preferences were reported as follows: 
34.9% visual, 54% auditory, 17.5% reading/writing, and 90.5% 
kinesthetic. Individual scores for each selective learning style 
were calculated based on preferences (Figure 2). No significant 
differences were observed between students with different grades 
or genders regarding their scores in selective learning styles. Ad-
ditionally, there were no significant differences in GPA among 
students with different selective learning styles (e.g., visual versus 
non-visual). However, there was a significant difference in the 
mean age between auditory versus non-auditory and kinesthetic 
versus non-kinesthetic styles (P = 0.048 and 0.002, respective-
ly). Furthermore, a significant gender-dependent GPA difference 
was obtained using the Mann–Whitney U test (P < 0.001). The 
means and standard deviations of  variables with significant dif-
ferences as determined by the Mann–Whitney U test are present-
ed in Table 1. 

For example, scenarios may involve deciding how to learn from 
a website featuring a video on creating a specialized graph or 
from someone verbally describing a task. Responses were ana-
lyzed to determine the percentage of  each learning style for each 
participant, calculated by dividing the score of  the learning style 
(ranging from 0 to 16) by the total score (ranging from 16 to 46). 
A learning style was considered predominant if  its percentage 
exceeded 25% of  the total score.

Data were retrieved from Google Forms, coded, and ana-
lyzed using Microsoft Excel and SPSS 21. Descriptive data were 
presented as frequencies. Comparisons between different socio-
demographic characteristics were conducted using the Mann–

Figure 2. Student scores for selective learning styles based on the VARK questionnaire. 
Scores are presented as percentages on the vertical axis and students on the horizontal axis. V, visual; A, aural; R, read/write; and K, kinesthetic.

Figure 3. Distribution of combined learning styles among students. 
Values are presented as percentages. V, visual; A, aural; R, read/write; 
and K, kinesthetic.
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Table 1. Comparison of GPA (Mean ± SD) across gender and age across learning styles with significant differences identified by Mann–
Whitney U Test

GPA

Male students
n = 40 (63.5%)

Female students
n = 23 (36.5%) P value

3.57 ± 0.552 4.28 ± 0.503 < 0.001

Age

Kinesthetic
n = 57 (90.5%)

Non-kinesthetic
n = 6 (9.5%) 0.002

21.79 ± 0.881 23.00 ± 0.635

Auditory
n = 34 (54%)

Non-auditory
n = 29 (46%) 0.048

22.12 ± 0.978 21.66 ± 0.814

GPA, Grade Point Average

Students had various learning styles, with 14.3% preferring 
a unimodal approach (single dominant learning style), 74.6% 
bimodal (two dominant learning styles), and 11.1% trimodal 
(three dominant learning styles). The unimodal kinesthetic learn-
ing style was the most prevalent among participants (12.5%), 
while the most frequent bimodal type was auditory/kinesthet-
ic (35.94%), followed by visual/kinesthetic (21.88%). Also, vi-
sual/auditory/kinesthetic was the most frequent trimodal type 
(7.81%). The detailed distribution frequency of  combined learn-
ing styles is shown in Figure 3. There were no significant dif-
ferences between mixed learning modalities (unimodal, bimodal, 
and trimodal) and GPA, age, or gender as determined by the one-
way ANOVA and post hoc Tukey test. In addition, there were 
no significant differences in GPA, age, and gender between the 
ten combined learning styles (V, K, VA, VR, VK, AR, AK, RK, 
VAK, and ARK). Additionally, no significant relationships were 
observed using the chi-square test. Further analysis was conduct-
ed using non-parametric Spearman's rho correlation to explore 
potential relationships between different parameters. 

The results showed a positive moderate significant correla-
tion between the learning modality and the auditory learning 
style (r = 0.513; P < 0.001). Also, there was a moderate negative 
correlation between reading/writing and kinesthetic learning 
styles (r = -0.421; P = 0.001). In addition, auditory and visual 
learning styles had a negative moderate correlation (r = -0.392; 
P = 0.001). No significant correlations were identified between 
learning styles and grade or GPA.

DISCUSSION

Learners have different characteristics that influence how they 
acquire and process information during the learning process, 
called learning style preference [20]. While academic profes-
sors typically have expertise in the content of  their specialized 
courses, they often lack sufficient knowledge about their learners' 
characteristics, which can hinder efforts to improve the learning 
process [22]. Continuous follow-up of  the curriculum is crucial 
in medical schools, as adjusting the learning outcomes to the stu-
dent's learning styles greatly impacts the learning process [23, 
24]. Previous research has indicated a relationship between stu-
dents' achievements and learning styles [21]. In line with this, the 
current study was conducted to assess the validity of  the PBL-de-
pendent curriculum implemented since 2014 at the College of  

Medicine, University of  Bisha, Saudi Arabia, to accommodate 
different learning styles. 

The first part of  this study described the distribution of  selec-
tive learning styles. Results revealed that 90.5% preferred kin-
esthetic learning, followed by 54% auditory, 34.9% visual, and 
17.5% reading/writing. Interestingly, a previous study conducted 
in the same College of  Medicine four years ago mentioned that 
the dominant learning style was aural, followed by kinesthetic 
[20]. This variance could be attributed to methodological dif-
ferences, as the previous study employed probability sampling 
including all grades and only male students due to the admission 
policies at the time, unlike the present study. Additionally, some 
studies indicated a preference for kinesthetic learning followed 
by visual [25], while others suggest a preference for reading/
writing over tactile learning [5]. Dental students in Saudi Arabia 
preferred aural rather than kinesthetic learning styles [4], and 
medical students preferred kinesthetic rather than aural [1, 26]. 

No significant difference in the distribution of  different learn-
ing styles was observed when considering gender. However, pre-
vious studies reported gender-dependent significant differences 
in the preferred learning styles [1, 25]. Additionally, the current 
study found that 14.3% of  students preferred unimodal learn-
ing, 74.6% preferred bimodal learning, and 11.1% preferred 
trimodal learning. Similar studies showed that more than 60% 
of  students preferred multimodal learning, while adult learners 
preferred acquiring knowledge through different modalities [5, 
27, 28]. The most frequent bimodal type in the current study 
sample was aural/kinesthetic (35.94%), followed by visual/kin-
esthetic (21.88%). The trimodal type with the highest frequency 
was visual/auditory/kinesthetic (7.81%). Combining aural/kin-
esthetic and visual/auditory/kinesthetic styles was the most prev-
alent [29]. Conversely, Rezigalla and Ahmed reported the domi-
nant pattern as aural/ kinesthetic followed by visual/reading and 
visual/kinesthetic [20], while Nuzhat et al. mentioned that the 
bimodal aural/kinesthetic style was more dominant than visual/
kinesthetic and the most prevalent trimodal style was visual/au-
ditory/kinesthetic [30]. These differences might come from the 
diverse curricula adopted at each college and the various teach-
ing methods used. It was reported that student’s tendency to shift 
from a certain learning style to another is affected by the content 
of  the curriculum and the nature of  the learning methods used 
[31]. Students with multimodal learning patterns benefit most 
from active learning strategies as they can tune themselves to dif-
ferent teaching styles [32]. 
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