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Background: In professional health education, it is common to align teaching strategies with students’ preferred learning and
thinking styles. However, the evidence supporting this “meshing” approach is weak. To address this gap, this study aimed to
investigate the learning and thinking styles of first-year female pharmacy students and compare them to their performance in an
anatomy course.

Material and Methods: This cross-sectional study evaluated first-year female Doctor of Pharmacy students enrolled in an anatomy
course over two consecutive academic years. Two validated inventory tools were used to assess students’ learning and thinking styles:
the Visual, Aural, Read/Write, and Kinesthetic Learning Styles Inventory (VARK) and the Thinking Style Indicator (TSI). The
students’ final course grades were compared with their thinking and learning styles.

Results: 259 students (98% of both cohorts) provided complete data on both instruments. The kinesthetic (58%) and concrete-sequential
learners (32%) had the highest grades among the studied population. Neither learning style (P = 0.959) nor thinking style (P = 0.918)
predicted the performance of students in the anatomy course. On the other hand, students with multimodal learning and thinking styles
tended to have better scores than those who were unimodal.

Conclusion: The results of the study demonstrate that learning and thinking styles do not have a significant role in the performance of
pharmacy students in an anatomy course, which led us to reject the null hypothesis. Thus, anatomy educators should make full use of
multiple active blended learning modalities available to accommodate the full range of individualized learning preferences.
Keywords: thinking styles, learning styles, anatomy education, pharmacy program, student performance

Introduction

Significant scientific attention has been paid to the human brain and its complex processes, including thought, learning,
behavior, and emotions. In particular, individual cognitive differences remain a topic of interest to educators, psychol-
ogists, and researchers. In medical education, students’ diverse learning and thinking styles have generated considerable
interest. Learning styles describe the way people acquire, process, and retain new information, affecting both how they
learn and what outcome will be produced.’ Similarly, thinking styles encompass the means by which students approach
problem-solving and succeed in school.” Increasing interest in thinking styles has underscored their importance in
classroom teaching and learning. Visual, auditory, read/write, and kinesthetic learning styles all have some role in how
learners interact with their course content.” Visual learners benefit from diagrams and images, auditory learners from
discussions, read/write learners from text, and kinesthetic learners from hands-on experiences. By adapting their methods

to these learning preferences, teachers can boost engagement and comprehension.*>
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According to DePorter and Hernacki, thinking styles specifically help show how students think through their
experiences.® Concrete-sequential thinkers prefer structured learning environments, while concrete-random thinkers are
adaptable learners who thrive on exploration. Furthermore, abstract-sequential thinkers communicate with ideas via
analysis and theory, while their counterparts, abstract-random thinkers, use emotional intelligence to understand the big
picture.” Understanding these learning styles and their intricacies can aid teachers in selecting instructional methods that
are likely to result in better performance in academic work. Put simply, understanding and adapting to these styles is
essential in creating successful learning environments that address learners’ varying needs.

Anatomy is one of the most challenging subjects in medical education, as it involves various complex topics,
including three-dimensional spatial relationships, connective structures and their functions, and applying clinical knowl-
edge. Because of its complexity, employing a variety of methods to teach can boost student motivation and enhance
academic skills and retention while reducing classroom stress.® Peer teaching, simulation-based learning, and reflective
practice, for example, address different cognitive styles and thus increase students’ clinical skills and memory.”
Meanwhile, kinesthetic learning techniques, including dissections, significantly increase long-term memory retention
and spatial reasoning in anatomy instruction.'® Conversely, according to pedagogical critiques, kinesthetic learning
techniques may draw resources away from evidence-based strategies for instruction, such as multimodal active learning,
spaced retrieval, and elaborative interrogation.

Nonetheless, the impact of aligning teaching strategies with students’ learning and processing styles on anatomy
education has received little attention in the literature, specifically in pharmacy programs. Chaudhary et al studied 600
Pakistani medical students using Visual, Auditory, Read/Write, and Kinesthetic (VARK) surveys and noted minor
improvements, but their study lacked controls for covariates.” After considering previous GPA, Hernandez et al, who
surveyed 148 first-year medical students, found no impact of learning styles on academic performance.* Lastly, in their
survey of 421 Indian medical students, Kathiah et al reported higher scores for multimodal learners, but the reliability of
self-reported grades was limited.’

Notably, pharmacy students have not been included in previous studies assessing learning styles, nor did those studies
explore cognitive thinking styles. Furthermore, previous results have been inconsistent in rejecting their null hypotheses
and in reporting relationships between learning styles and students’ performance. Therefore, due to the lack of pharmacy-
specific evidence in anatomy education, this research aimed to examine the relationship between the preferred learning
and thinking styles of first-year female pharmacy students and their performance in an anatomy course. In pursuing this
area of interest, this study’s results may increase our understanding of how anatomy educators frame their pedagogy to
interact with style preferences, specifically to enhance learning through an improved match between their instructional
strategy and students’ preferences. Additionally, the study’s findings may help students develop skills that contribute to
their academic success and professional lives.

Material and Methods
Study Design and Setting

This was a cross-sectional study conducted at a female-only institution in Saudi Arabia. The two studied cohorts were
comprised of first-year pharmacy students enrolled in a dedicated anatomy and histology course. This course primarily
consisted of lectures and seminars, creating a cohesive group used to test the meshing hypothesis and to analyze the
relationships between learning and thinking styles and academic achievement. Additionally, these students had not
received prior exposure to anatomy studies and therefore represented a suitable cohort for this research. The course was
entirely conducted by the study investigator A.A., providing greater control over the teaching and assessment methods
utilized in the course.

The study complied with the Declaration of Helsinki and was approved by the Institutional Review Board (IRB) at
Princess Nourah bint Abdulrahman University (HAP-01-R-059). Participation was voluntary, with all students providing
informed consent, which contained clear details of the purpose of the study, voluntary participation, and its confidenti-
ality. Participation was anonymous, and all results were aggregated.
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Study Population, Sample Size, and Sampling Technique

A census of first-year female pharmacy students from two academic years (2023/2024 and 2024/2025) was conducted.
Over this period, 265 students enrolled in the anatomy and histology course. The sample size was calculated using the
Open-Epi website (www.openepi.com) based on the total number of enrolled students. At least 158 students were

required to be enrolled in this study, with a 95% confidence level and a margin of error of = 5%. To maximize
participation and ensure an adequate sample size, the study implemented a non-probability consecutive sampling
technique which includes all students who meet the inclusion criteria. Therefore, all eligible pharmacy students were
invited to participate in this study. All responses were screened for quality by ensuring that there was no missing

information and no inaccuracy, a normal response time, and not a fixed-choice answer.

Instruments for Measuring Learning and Thinking Styles

Two validated tools were used to assess students’ learning and cognitive preferences: the VARK Learning Styles
Inventory (Version 8.02) and the Thinking Style Indicator (TSI). The VARK tool classifies learners based on their
preferred sensory modality for processing information, separating students into four learning styles—visual, auditory,
reading/writing, or kinesthetic—as described by Fleming and Mills."' The VARK inventory was validated by Leite et al
and has been used in previous studies to measure learning preferences.'? '

To analyze learning styles for this study, each student’s response was evaluated individually, and the final style or styles
were combined and plotted on an Excel spreadsheet for comparison. The VARK questionnaire consisted of 16 multiple-choice
questions, allowing respondents to select more than one option per item, with each option representing a learning style. The
respondents’ answers were then compared to the scoring chart, with all selected options replaced by their corresponding style
letters: V, A, R, or K. The totals across the 16 items were calculated to produce four sub-scores (V-score, A-score, R-score, and
K-score) according to the guidelines published on the VARK website (https://vark-learn.com/). A participant’s learning style

was assigned to the modality with the highest score. When two or more modalities tied for the highest value, the learner was
classified as multimodal (having two or multiple preferences) rather than as having a single preference.

The TSI instrument measures cognitive processing preferences, offering insights into how students approach
problem-solving and decision-making based on four thinking styles: concrete-sequential, concrete-random, abstract-
sequential, and abstract-random. Developed by John Le Tellier in 2007, this indicator is based on Gregorc’s Mind Styles
model.'> DePorter and Hernacki validated the TSI, which researchers now use to assess thinking styles.®'®!”

For this analysis, each student’s response was evaluated individually, and the final style or styles were recorded on an
Excel sheet for comparison with other variables. The TSI consisted of 15 items, each with four options (A, B, C, D).
Respondents selected the two descriptors that best described themselves. Each selected letter was scored from 1 to 4, not
necessarily in order. The scoring process involved using the key and multiplying the sum of the selections in each column
by 4 to generate scaled scores for the four styles. A participant’s dominant thinking style was identified as the category
with the highest scaled score; if two or more categories had equally high scores, the participant was classified as having
double or multiple thinking styles.

The study objectives and instruments were clearly explained to the students. Then, at the beginning of their course, all
eligible students received an invitation Email via their university Email addresses, which included a link to complete the
surveys for the learning and thinking instruments, along with a consent form. The instruments were designed in a self-
administered format on Google Forms. Both surveys were filled in on students’ personal devices during their free time
and were submitted before the end of the course. The average time to complete the survey was 15-20 minutes.
Mandatory responses were requested on all survey items to ensure that the learning and thinking styles of participants
were accurately assessed. Instructions were provided to prevent confusion or biased responses, along with the study
investigators’ contact details for any further clarifications. Additionally, to encourage participation, students were offered
individualized feedback on their learning and thinking preferences, tailored to their requests. No students’ names or
personal information were collected to maintain the study’s anonymity, except for the students’ university numbers,

which were used to link their preferred learning and thinking styles to their scores in the anatomy course.
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Data Collection and Statistical Analysis

Data were collected in two formats: quantitative and qualitative. The quantitative data included students’ performance
metrics from the anatomy and histology course, obtained from the academic affairs department after securing partici-
pants’ consent. The qualitative data comprised students’ preferences for thinking and learning styles, which were
collected via the VARK and TSI instruments. A unique code number was assigned for each participant to protect their
anonymity. Following data collection, the two datasets were combined, which consisted of the final course grade
(between 0 and 100) and answers to style preferences exported from Google Forms. Analysis was conducted on only
those participants who completed both surveys.

The responses were coded using Microsoft Excel and then imported into SPSS (Version 25, IBM) for statistical
analysis. The data were also screened to ensure that no information was missing or incomplete and that the responses
selected were not fixed choices throughout the survey’s questions. Then normality and outliers were tested for the
quantitative data (student performance in the anatomy course). The data were found to be normally distributed
(Kolmogorov—Smirnov P-value = 0.200) and did not contain outliers. Descriptive statistics were then used to summarize
the distribution of learning and thinking styles among the study sample. A one-way ANOVA was performed to explore
differences in anatomy performance across style categories. Statistical significance was defined as a P-value < 0.05.

Results

A total of 259 out of 265 students completed the survey, equating to a response rate of 98%. After obtaining the data, the
descriptive analysis was conducted to identify the distribution of learning and thinking styles among participants. The
statistical analysis revealed that the studied students exhibited different patterns of learning and thinking styles. The
VARK results showed that most female pharmacy students preferred a unimodal learning style (n=228, 88%), while
a smaller percentage preferred multimodal styles (n=31, 12%). Within the unimodal preference group, kinesthetic was the
most prevalent type (n=134, 58%), followed by aural (n=55, 24%), visual (n=27, 12%), and read/write preferences
(n=12, 5%), as shown in Figure 1. Additionally, the results showed that a combination of aural and kinesthetic styles (n =
13, 42%) was the most common multimodal preference. In comparison, a small percentage of students preferred three-
style combinations of aural-kinesthetic-read/write (n=1, 3%) and aural-kinesthetic-visual (n=3, 10%). Interestingly, only
two students (n=2, 6%) preferred all four VARK learning styles. These findings suggest that most female pharmacy
students preferred the kinesthetic and aural learning methods, including hands-on activities and auditory explanations.

Frequency of Learning Styles
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Figure | Distribution of Learning Styles Among Students: Visual (V), Aural (A), Read/Write (R), and Kinesthetic (K).
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Figure 2 Distribution of Thinking Styles Among Students: Abstract-random (AR), Abstract-sequential (AS), Concrete-random (CR), and Concrete-sequential (CS).

Similarly, the TSI results showed that most female pharmacy students preferred a unimodal thinking style (n=213,
82%), with only 18% (n=46) preferring multimodal styles. Within the unimodal preferences, the concrete-sequential
(n=69, 32%) was the most prevalent style, followed by abstract-random (n=62, 29%), abstract-sequential (n=46, 22%),
and concrete-random (n=36, 17%), as shown in Figure 2. Additionally, the multimodal preferences were commonly
presented as a combination of abstract-sequential and concrete-sequential (n=12, 26%), followed by abstract-random and
abstract-sequential (n=11, 24%), and then concrete-random and concrete-sequential (n=9, 20%). In contrast, the other
combinations were relatively rare, accounting for 11% or less of the total. Furthermore, a few students exhibited
multimodal preferences of three thinking styles: abstract-random, abstract-sequential, and concrete-random (n=3, 7%)
and abstract-random, abstract-sequential, and concrete-sequential (n=2, 4%). Notably, the study results did not reveal any
students who adopted all four thinking styles, suggesting a preference for selectivity rather than diversity in their
approaches. In sum, most female pharmacy students employed both structured and creative thinking, while a smaller
subset of students showed flexibility in their thinking styles.

Next, we conducted the one-way ANOVA test to assess the impact of preferred learning and thinking styles on
students’ performance in the anatomy and histology course. The analysis revealed varied results in the students’
performance based on their learning and thinking preferences. Students with multimodal learning preferences achieved
a higher average score (81.23 £ 9.56) than those with two learning styles (80.63 = 8.36) or one learning style (Table 1).
Within the unimodal learners, the kinesthetic learners earned the highest average score (80.38 + 8.05). However, there
were no statistically significant differences between the learning style groups (P = 0.959). Similarly, the analysis showed

Table | One-Way ANOVA Results for Comparison of Student Performance in the Course of
Anatomy and Histology Based on Learning Styles

Learning Styles N (%) Students Performance 95% ClI P Value | Effect Size
(N=259) Mean £ SD

Aural 55 (21) 79.38 £ 7.94 77.23-81.51 0.959 0.004
Kinesthetic 134 (52) 80.38 + 8.05 79.01-81.76

Read/ Write 12 (5) 79.98 £ 6.19 76.04-83.91

Visual 27 (10) 79.45 £7.30 76.56-82.34

Two Learning Styles 25 (10) 80.63 + 8.36 77.18-84.08

Multiple Learning Styles 6(2) 81.23 + 9.56 71.20-91.27
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Table 2 One-Way ANOVA Results for Comparison of Student Performance in the Course of
Anatomy and Histology Based on Thinking Styles

Thinking Styles N (%) Students Performance 95% ClI P Value | Effect Size
(N=259) Mean £ SD

Abstract Random 62 (24) 79.96 £ 8.11 77.90-82.02 0918 0.006
Abstract Sequential 46 (18) 80.78 + 8.31 78.31-83.25

Concrete Random 36 (14) 80.03 + 8.98 76.99-83.07

Concrete Sequential 69 (27) 7944 £ 752 77.63-81.24

Two Thinking Styles 41 (le) 80.37 £ 7.07 78.14-82.61

Multiple Thinking Styles 5 82.78 * 6.35 74.88-90.66

that students’ performance in the course varied by their thinking preferences, with students with multimodal preferences
scoring the highest (82.78 + 6.35), followed by those with abstract-sequential (80.78 + 8.31) and two thinking styles
(80.37 = 7.07) (Table 2). Nevertheless, the analysis showed no statistically significant differences in students’ perfor-
mance based on their thinking preferences (P = 0.918).

In sum, contrary to expectations, the study results showed that pharmacy students’ preferences for learning and
thinking styles did not significantly predict their performance in the anatomy course, supporting the rejection of the null
hypothesis. However, a close inspection of the trending of mean scores suggests that students with multimodal
preferences in learning and thinking styles tended to achieve better scores than those with unimodal preferences. The
findings therefore suggest that using blended teaching approaches in anatomy education, which address different learner
preferences, could improve overall performance.

Discussion

This study investigated how preferred thinking and learning styles impacted the performance of first-year pharmacy
doctoral students in an anatomy and histology course. The results demonstrated that, regardless of students’ preference in
cognitive learning behaviors, their performance in the anatomy course was not significantly different based on variations
in learning and thinking preferences. These findings add to the mounting evidence challenging the benefits of educational
interventions tailored to individuals’ cognitive preferences.

The study found that the majority of students (88%) preferred a unimodal learning style. This finding supports earlier
studies that also indicated a strong preference for unimodal learning among students.'®!'? This finding has not been
universal, however, as other studies have suggested that many students favor multimodal learning styles.?2
Furthermore, the results revealed that kinesthetic and aural learning styles were the most preferred among students,
which aligns with previous studies.'®?* However, Mozaffari et al reported that reading/writing was the most favored
style among dental students, with kinesthetic being the least preferred.”

The current study similarly found that the majority of students (82%) preferred a unimodal thinking style, with the
concrete-sequential style being the most favored, followed by the abstract-random style. These results are consistent with
those of some previous research, which highlighted the predominance of the concrete-sequential thinking type among
students.'®*® Notably, though, neither of the studies that had similar results included any multimodal style preferences.

The differences in students’ reported preferences found in this study versus others could be attributed to cued
population disparity, gender differences, and subjects’ academic level. Notably, though, previous studies have indicated
that female learners preferred multimodal styles, whereas male students preferred unimodal styles.'®*%**-** In addition,
in these other studies, male students tended to prefer aural and kinesthetic styles, while female students preferred visual
and aural styles.'® 2?24 Parashar et al, however, found no difference between the sexes in regarding preferred learning
style.?! Moreover, further studies have shown that learning style preference evolves over time; as students progress
academically, they tend to shift from a unimodal style in their early years to a multimodal one in later years.'***** Such
results validate our findings that unimodal learning styles, specifically kinesthetic and aural, are the most prevalent in
female pharmacy students during the early years of their undergraduate lives.
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In addition to identifying preferred learning styles and thinking modes, the study also examined these preferences’
influence on students’ academic achievement in an anatomy course. The results indicated that students with multimodal
styles of learning and thinking tended to perform slightly better than those with unimodal styles. The results of the study
align with recent publications that challenge “the meshing hypothesis”, the assumption that teaching in a way similar to
student preferences leads to better learning outcomes.'?” Such a finding represents a valuable contribution, as research on
this topic has found varying results: While several studies have shown that modifying teaching methods to suit multiple

learning styles can have a potential impact on academic achievement,*®*’

others have shown that learning style
preferences are not significantly related to academic achievement.'®'*2!5 This divergence in the findings can perhaps
be explained by the studied learners themselves, as some investigators have reported that multimodal learners are more
likely to perform better on instructional material because they can adjust to new methods of instruction.’***-** Therefore,
these observations suggest an upward trend that deserves further investigation in future studies, particularly regarding the
potential importance of cognitive flexibility, the ability to adapt and engage across different modalities, in mastering
complex subjects like anatomy.

Several studies covering other student populations produced similar results. Munahefi et al did not find a significant
difference in the mathematics creative thinking process test among high school students based on different longitudes of
thinking styles.'” Huincahue et al also found that thinking style was not significantly correlated with performance in
computer engineering instruction, indicating other factors such as major, curriculum, and instructional approach may
outweigh individual cognitive preference.’® Zhang thinking also found that thinking styles had a minimal impact on
academic performance over and beyond self-assessed abilities.>!

As intimated earlier, however, not all studies share such findings. Giingor et al and Mohsin et al argued that thinking
styles positively influence problem-solving skills and classroom participation.*>** Putri & Halim, meanwhile, found that
learning and thinking styles significantly influenced the learning outcomes of high school students in physics, as students
with auditory and concrete-sequential preferences performed better than their peers.*®

These conflicting results highlight the likely influence of contextual factors, such as subject matter and cultural
influences, emphasizing the need for a more nuanced understanding of how cognitive styles interact with educational
environments.>'** Therefore, the results of this study and others suggest that factors such as prior knowledge, teaching
quality, curriculum structure, and student engagement may significantly impact educational success more than individual
cognitive preferences.

Beyond the students’ performance, identifying students’ preferences for learning and thinking styles may help in
understanding the students’ learning process. Devy et al carried out an investigation of high school students’
perceptions of physics concepts depending on their learning styles and thinking modes.'® The study described certain
features in relation to each style. Considering the different learning and thinking styles resulted in different
preferences in academic settings. Drawing on these insights, the current study’s findings reinforce the pressing need
for pedagogical innovations that promote active learning approaches in anatomy education, such as simulation-based
exercises, cooperative peer learning activities, and reflective practice that enhance retention of content and clinical
competence.9

Limitations

This is one of the few studies to examine thinking and learning styles concurrently, an approach that contributes
significantly to understanding the influence of cognitive diversity on academic success in health professional education.
However, the study has several limitations. Firstly, the studied population drew on students from one course at one
institution and only included female participants. Additionally, the present study was based predominantly on theoreti-
cally examined measures and self-report scales. These limitations may influence the results of this study and limit its
generalizability and application to other academic settings. A further limitation is that students’ overall GPAs were not
considered in the analysis, which could be a covariate for preference of learning and thinking style and performance.
Future work should include samples of both males and females, different measures of outcomes, and different learning
and testing conditions to improve our understanding of these relationships in medical settings.
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Conclusion

This study has investigated the impact of the learning and thinking styles of first-year female pharmacy students on their
academic performance in an anatomy and histology course. The results showed that most students favored unimodal
styles, such as kinesthetic and concrete-sequential learning and thinking. Nevertheless, students’ learning and thinking
styles did not successfully predict their scores achieved in the course. It is worth noting, though, that students with
a multimodal preference had average scores slightly higher than those with unimodal styles. These findings support
a rejection of the style-fitting learning strategy and instead suggest that all students would benefit from active, blended
teaching mediated by a range of learning modalities. Furthermore, course outcomes can be improved by increasing
faculty knowledge of learning strategies like retrieval practice, spaced repetition, and active learning in general. Future
studies should be validated in mixed-gender, multiple-institution cohorts with a longitudinal or experimental design to
evaluate the impact of active-learning strategies on the students’ outcomes.
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