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Abstract

Background Medical education has evolved based on the application of pedagogical actions that place the student
as the protagonist of the learning process through the use of active teaching methodologies. Within this context,
higher education teachers should use strategies that focus on the student and his/her context and avoid traditional
teaching methods. Specifically in medical schools, there is an even greater challenge since the teaching methods

of medical curricula differ from those used in previous schooling. Consequently, students acquire their own style of
processing information that is often incompatible with the profile of medical schools. This may be one of the factors
responsible for the lack of motivation among undergraduates.

Objective The aim of this study was to characterize the learning styles of students enrolled in a Brazilian medical
school using the Felder-Soloman Index of Learning Styles (ILS).

Methods This was a cross-sectional, descriptive, quantitative study that included students from the 1st to the 6th
year of a Brazilian medical school. The students participating in this study voluntarily answered 44 questions about
learning styles of the Felder-Silverman instrument validated in Brazil. The instrument was divided so that each domain
consisted of 11 questions with two response options in which only one could be selected. For each domain, a score
(1 point) was assigned to the selected option (a, b) of the question and the learning style category was determined

as the difference between these values. For data collection and tabulation, we used the Learning Syle Platform (EdA
Platform) developed based on Felder’s studies since this system processes information about the dimension analyzed,
the preferred style, and the most striking characteristics of each style.

Results The results showed that sensing was the preferred learning style of the students, followed by the sequential
and visual styles. It was not possible to determine whether gender or age influences the choice of learning methods
because of the homogeneity of the results.

Conclusions The present data will enable teachers of the institution involved in this study to plan pedagogical
actions that improve the students’self-awareness, as well as their teaching-learning skills, by choosing the most
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adequate active methodologies for the medical education programs considering the individuality of each student

and class.

Keywords Teaching, Learning, Learning styles, Teaching methods, Medical education

Introduction

Medical education has evolved based on the application
of pedagogical actions that place the student as the pro-
tagonist of the learning process through the use of active
teaching methodologies [1]. Within this context, higher
education teachers should use strategies that focus on the
student and his/her context and avoid traditional teach-
ing methods [2, 3].

Active methodologies have enabled reflection on the
role of the teacher and the student in the teaching and
learning process and seek to promote changes in class-
rooms that are often based on the traditional teach-
ing model [4]. Specifically in medical schools, there is
an even greater challenge since the teaching methods
of medical curricula differ from those used in previous
schooling [5-7]. Consequently, students acquire their
own style of processing information that is often incom-
patible with the profile of medical schools, which may be
one of the factors responsible for the lack of motivation
among undergraduates [1].

Motivation and the correct use of active methodolo-
gies are essential for academic learning [8] and structur-
ing education according to the student’s learning style is
key to developing study skills [9]. It is therefore necessary
to use teaching practices that encourage student engage-
ment; however, first the profile of the students must be
mapped since the learning process is complex and is not
limited to the acquisition of answers or knowledge but
rather involves numerous individual and social variables
[10].

Studies have reported the influence of individual differ-
ences on the learning process [11] and the need to adapt
teaching to the profile of each student [12], as well as
the difficulty in identifying the student’s individual char-
acteristics in order to establish the best methodological
approaches to teaching [13]. Hence, it is clear that indi-
viduals use their personal patterns to develop strategies
that allow them to achieve their learning goals. Some
individuals find it easier to understand theories or mod-
els, others will better understand facts and concrete data,
and there are those who better assimilate visual infor-
mation such as figures and diagrams rather than spoken
and/or written (verbal) explanations. Some individuals
prefer group learning, while others choose to work indi-
vidually [14].

The factors mentioned above may be directly related
to the academic performance of students. Thus, theo-
ries and instruments for evaluating the student’s learn-
ing style profile have emerged to help select the best

teaching-learning methods [11]. Within this context,
Felder and Silverman (1988) [15] developed the Index
of Learning Styles (ILS) that comprises four dimensions:
visual/verbal, sensing/intuitive, active/reflective, and
sequential/global. According to these authors, the pro-
cess of information retention depends on the relationship
between and the teaching-learning styles of the student
and teacher.

Studies on learning styles aim to understand how stu-
dents internalize new knowledge considering the affec-
tive, cognitive, and physical learning domains [16]. Thus,
the learning style can influence academic performance
and the development of learning skills [17]; in addition,
it provides information so that educators can improve
student motivation by developing more efficient edu-
cational programs for medical training [18]. Studies in
the medical literature suggest that the performance of
medical students with different learning styles may be
compromised [19]. Therefore, teachers must identify the
difficulties of students, as well as failures in the education
system, in order to promote necessary learning interven-
tions [20].

The feeling of not knowing how to learn or study is a
common problem among medical students and identi-
fication of the learning style is therefore necessary since
it directly influences the ability to assimilate the enor-
mous amount of information during the medical course
[21]. Neglecting the factors mentioned above and other
psychological factors in medical curricula can negatively
affect not only the learning and study skills of medical
students but also the increasing prevalence of depression,
distress, and anxiety among these students [22-24].

Designing intervention programs is important to help
develop the learning skills of medical students [25]. How-
ever, first, we must identify the profile of medical stu-
dents in order to understand the relationship between
distress and competency and its impact on academic per-
formance, dropout rates, and professional development
[22].

In an attempt to contribute to the progress of medical
education by developing more efficient educational pro-
grams according to the individual learning style of each
medical student and considering the existing contradic-
tions regarding the relationship between learning styles
and academic performance in medical education [1], the
aim of this study was to characterize the learning styles
of medical students from a medical school in Brazil using
the ILS of Felder-Soloman [26].
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Methods

Study design

A cross-sectional, descriptive, quantitative study was
conducted that included medical students enrolled in
a medical school in Brazil. The study was approved
by the Research Ethics Committee of the Faculty of
Medicine of Jundiai (Ethical Clearance Certificate:
39204:820.2.0000.5412) and registered with the National
Health Council, Ministry of Health.

Participants

All medical students (n=708) were invited at the begin-
ning of the 2023 academic year to participate in this
study, to collect data on individual learning styles, with
the number of students per year of the course being: 1st,
n=118; 2nd, n=119; 3rd, n=118; 4th, n=116; 5th, n=120
and 6th, n=117. The response rates for the six years were:
1st: 91%; 2nd: 68%; 3rd: 37%; 4th: 30%; 5th: 25% and 6th:
32%.

Instrument used and measurement of learning styles

The Felder-Silverman learning style model [16] was
employed in this study because it is one of the most used
models in the field of medical education [1] and has been
proven to be a suitable model for research in medical
education [26]. In addition, it was validated by Felder and
Spurlin (2005) [27] and its reliability was demonstrated in
other studies [18, 26, 28].

The Felder-Silverman ILS is divided into four dimen-
sions with the following two opposing styles (categories):
perception (sensing/intuitive, evaluates how the individ-
ual responds to the teaching environment), input (visual/
verbal, evaluates how information is received), process-
ing (active/reflective, evaluates how information is pro-
cessed), and understanding (sequential/global, evaluates
how the individual understands the information) [16, 26,
29]. In this study were calculated the reliability coefficient
for the four dimensions, that were, respectively: 0.511,
0.629, 0.584 and 0.312.

The medical students participating in this study volun-
tarily answered 44 questions regarding the learning styles
of the Felder-Silverman instrument validated in Brazil.
The instrument was divided so that each domain included
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11 questions with two response options in which only
one could be selected [15, 16, 30]. Thus, for each domain,
a score (1 point) was assigned to the selected option (a, b)
of the question and the learning style category was deter-
mined as the difference between these values (Fig. 1).

An adaptation described by Jesus (2022) [30] was used
for this study. Unlike other studies that used the original
instrument to assess learning styles in medical education,
this author validated a new category for each domain
characterized as “balanced” Thus, this study consid-
ered the four domains with the following styles (catego-
ries): visual/balanced/verbal, sensing/balanced/intuitive,
sequential/balanced/global, and active/balanced/reflec-
tive (Fig. 1).

For data collection and tabulation, the EdA Platform
developed by Jesus (2022) [30] based on Felder’s studies
was used since this system processes information about
the dimension analyzed, the preferred style, and the most
striking characteristics of each style.

Statistical analysis

First, the independent (class, sex, and age) and the
dependent variables (four domains), classified into three
categories each, were submitted to simple descriptive
analysis. Next, bivariate analysis was performed consid-
ering each categorized domain according to each inde-
pendent variable. The following tests were applied: Yates’
chi-square test (with continuity correction) for 2x2
tables, Fisher’s exact test (when Yates’ test was not appli-
cable), or Pearson’s chi-square test. The last was used
for contingency tables with more than two dimensions.
Analysis was performed using the SPSS v.20 software and
the level of significance was pre-set at 5%.

To analyze, in statistical tests, the association of factors
of differences in learning styles, according to the year of
study, the sample n per year was considered. No normal-
ity test was used, because the domains/dimensions were
analyzed in a categorized manner (in three categories
each) and, therefore, a non-parametric statistical test
(chi-square test) was used, with a confidence interval (CI)
of 95%.

Visual (a) -11 -9 -7 -5 -3 -1 1 3 5 7 9 11 Verbal (b)

Sensing (a) —il -9 -7 -5 -3 -1 1 3 5 7 9 :11 Intuitive (b)

Sequential (a) —il -9 -7 -5 -3 -1 1 3 5 7 9 :11 Global (b)

Active (a) s s -1 1 11 Reflective (b)
) Balanced "

Fig. 1 Schematic drawing of the determination of learning styles. The visual, sensing, sequential, and active styles correspond to option “a” of the ques-
tions of the Felder instrument according to dimension (domain), while the verbal, intuitive, global, and reflective styles correspond to option“b" The learn-
ing style (category) is determined as the difference between values for each option. The “balanced” category was defined when the value was between

—Tand 1 [30]
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Results

A total of 335 medical students participated in this study,
including 107 (31.9%) from the 1st year, 81 (24.2%) from
the 2nd year, 44 (13.1%) from the 3rd year, 35 (10.4%)
from the 4th year, 30 (9.0%) from the 5th year, and 38
(11.3%) from the 6th year. There was a higher participa-
tion of 1st - and 2nd -year students.

Most participants were female (n=246, 73.4% versus
26.6% males). Regarding the distribution by age group,
the mean age of the participants was 22.1 years (SD=3.97
years), with a minimum age of 18 years and a maximum
age of 49 years.

First, the learning styles were analyzed considering the
six medical classes separately (1st to 6th year). Regarding
the visual/verbal dimension, there was a higher preva-
lence of the visual style (>40% in all classes) and no sig-
nificant difference was observed between classes. Lower
percentages were observed for the verbal style. For the
balanced category, higher values were found for the 3rd
and 6th year, but the visual style predominated (Figs. 2
and 3A). Regarding the sensing/intuitive dimension,
there was a predominance of the sensing style (percent-
ages>74% in all classes), with no significant differences
between classes. The percentage of the intuitive style was
less than 10% in all classes (Figs. 2 and 3B).

Regarding the sequential/global dimension, there was a
predominance of the sequential style from the 1st to the
5th year. The balanced style was the most frequent profile
among 6th -year students. Statistical analysis revealed no
difference between the 1st - to 5th -year classes but there
was a difference compared to the 6th year (p=0.018).

100

(&
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The percentage of students with the global style was
lower than those of the other two categories in all classes
(Figs. 2 and 3C).

Analysis of the active/reflective dimension showed no
statistically significant difference in the percentages of
the three categories between the 1st - to 6th -year classes.
This domain was the most homogeneous in terms of the
three response categories (Figs. 2 and 3D).

Table 1 presents the confidence intervals (95% CI) used
to estimate learning style preferences by class.

Separate analysis of each dimension according to class
and total sample showed that medical students prefer the
sensing, visual, and sequential style categories (Figs. 4
and 5). When compared according to the age of the med-
ical students, the percentages of the dimensions studied
were similar, except for the sequential style whose per-
centage was higher among students aged 18 to 21 years
and the balanced and global styles whose percentages
were lower in this age group (p=0.008) compared to stu-
dents older than 21 years. Comparison between genders
showed a higher percentage of the visual and active styles
among male students, while the percentages of the sens-
ing and sequential styles were similar between genders
(Table 2).

Discussion

Medical schools are constantly concerned with the
teaching-learning process since students are faced with
a situation in which they must understand and apply an
enormous amount of information within a limited period
of time [1]. To solve this problem, it is essential to know
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Fig. 3 Representation of learning style dimensions

the students’ learning styles since this knowledge directly
affects the choice of methods used to stimulate their
learning skills, which is important for the student’s aca-
demic performance; in addition, students will be able to
better understand themselves. This may achieve valuable
harmony between the teacher and student in the use of
the most appropriate pedagogical practices for teaching
that are compatible with the individuality of the students’
learning styles [1, 18, 31, 32]. However, there is paucity of
specific data on the learning styles of medical students in
Brazil and their association with academic performance
during medical training.

Numerous studies in medical education have used the
Felder-Silverman model to analyze the type of learn-
ing style of medical students, which can be character-
ized as visual or verbal, sensing or intuitive, sequential
or global, and active or reflective [1, 18, 26]. Visual learn-
ers are students who remember what they see, who like
graphs, images and diagrams, and who prefer visual pre-
sentations of information. Verbal students remember
what they hear or read, like to hear or read information,

prefer explanations with words, and learn while listen-
ing and talking about the content. Sensing learners use
the manipulation of what was explained, are observant
and methodical, solve problems using traditional meth-
ods, look at the facts, and perceive information in a con-
crete manner. Intuitive learners use their imagination,
are innovative and curious, do not like repetitions, are
not detail-oriented, focus on the meaning, and perceive
information in an abstract manner [30, 33].

Active learners are students who manipulate objects,
perform physical experiments, learn by doing, work in
groups, prefer classes that address more practical prob-
lems, encourage interaction with the content, and better
process information by interacting with the data. Reflec-
tive learners refer to students who think about infor-
mation, evaluate options, learn through analysis, work
individually, choose classes that explore the bases of the
subject, use content and theories, and prefer to spend
time reflecting on the presented information. Sequential
learners prefer information that is presented in a linear,
ordered and progressive way, like analysis, are interested
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Table 1 Data obtained with their respective confidence intervals regarding learning style preferences
1st year 2nd year 3rd year 4th year 5th year 6th year
Visual 54.2 543 455 429 533 579
(Vi) (44.3-63.9) (42.9-654) (304-61.2) (26.3-60.6) (34.3-71.7) (408-73.7)
Verbal 24.3 19.8 18.2 257 26.7 7.9
(Ve) (16.5-33.5) (11.7-30.1) (8.2-327) (12.5-43.3) (12.3-45.9) (1.7-21.4)
Balanced (Vi/Ve) 21.5 259 364 314 20 342
(14.1-30.5) (16.8-36.9) (224-52.2) (16.9-49.3) (7.7-38.6) (196-514)
Sensing (Se) 776 741 75 886 76.7 84.2
(68.5-85.1) (63.1-83.2) (59.7-86.8) (73.3-96.8) (57.7-90.1) (68.7-94.0)
Intuitive (In) 2.8 9.9 4.5 0 6.7 2.6
(0.6-8.0) (44-185) (0.6-15.5) (0.0-10.0) (0.8-22.1) (0.1-13.8)
Balanced (Se/In) 19.6 16 20.5 114 16.7 13.2
(12.6-28.4) (8.8-25.9) (9.8-35.3) (3.2-26.7) (5.6-34.7) (44-28.1)
Active 34.6 333 295 37.1 333 42.1
(Ac) (25.6-44.4) (23.2-44.7) (16.8-45.2) (21.5-55.1) (17.3-52.8) (26.3-59.2)
Reflective (Re) 336 259 273 40 233 263
(24.8-43.4) (16.8-36.9) (15.0-42.8) (23.9-57.9) (9.9-42.3) (134-43.1)
Balanced (Ac/Re) 31.8 40.7 432 229 433 316
(23.1-41.5) (29.9-52.2) (28.3-59.0) (10.4-40.1) (25.5-62.6) (175-487)
Sequential (Se) 533 593 50 57.1 60 342
(43.4-63.0) (47.8-70.1) (34.6-65.4) (39.4-73.7) (40.6-77.3) (196-514)
Global 1.2 111 6.8 57 6.7 21.1
(G) (5.9-18.8) (5.2-20.0) (1.4-18.7) (0.7-19.2) (0.8-22.1) (9.6-37.3)
Balanced (Se/Gl) 355 29.6 432 371 333 44.7
(26.5-45.4) (20.0-40.8) (28.3-59.0) (21.5-55.1) (17.3-52.8) (286-61.7)

in detail, and put the details together in order to under-
stand the end result. Finally, the global style refers to
students who like a holistic and synthetic approach, who
have a better view of the whole, and who first see the big
picture and then fill in the details [30, 33].

The impact of gender on learning styles must also be
considered [18]. In the present study, male students pre-
ferred the visual and active styles, but were balanced
between the sensing and sequential styles, when com-
pared to female students. These data agree with some
studies that identified men as more visual learners [1, 26,
34]. Other studies reported a predominance of the active
style among women [35]. However, Alghasham (2012)
[36] and Liu and Liu (2023) [18] did not find significant
differences between female and male medical students.
Oyeyemi et al. (2019) [34] observed heterogeneity in
learning preferences between genders and suggested
a combination of appropriate voice and audios with
images, photos and visual effects for the teaching pro-
cess. Thus, since there is no consensus in the literature
whether age group or gender interferes with the choice
of learning styles, we chose to consider in general the
learning styles of the groups analyzed during the medical
course.

The most common result of studies on learning style
in medical schools is the prioritization of more sensory,
visual and sequential information by students [26, 35,
37]. In the study by Liu and Liu (2023) [18], the priorities
of the students were perceptive, sequential, and visual.

The authors concluded that there is a preference or the
sequential and linear use of demonstrations, photos,
diagrams, and algorithms during the teaching-learning
process [38, 39]. These data agree with the present study
that also identified that students from the 1st to the 6th
year prefer to receive visual presentations of information
instead of resources using explanations with words dur-
ing the learning process of the medical course. In addi-
tion, the students prioritize sensory information over
intuitive information, a fact that characterizes them as
more observant and detail-oriented individuals who use
real facts for the learning process throughout the medical
course. The percentages of the intuitive style were lower
than those of the balanced style, indicating a low prefer-
ence for the use of imagination in the perception of infor-
mation during learning.

Statistical analysis in this study also showed that 6th
-year students preferred a balanced style in the sequen-
tial/global dimension, in contrast to 1st - to the 5th -year
students who mainly preferred the sequential style in the
content understanding domain. These data demonstrate
that most students prefer to use details of the informa-
tion to better understand the end result during the learn-
ing process and that there is a low preference for the
holistic perception of information.

Regarding the reflective/active dimension, the per-
centages of learning styles was similar between students.
In contrast, in the study by Liu and Liu (2023) [18], 1st
- to 4th -year medical students process more reflective
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Learning Styles of 1st grade students
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Learning Styles of 3rd grade students
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Learning Styles of 5th grade students
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Fig.4 Learning style preferences per class (1° to 6™ year)

information instead of active information. Bhalli et al.
(2015) [40] assessed the learning style of 77 medical stu-
dents and concluded that the majority preferred active
learning strategies. However, the authors did not find a
correlation between learning style preference and the
preferred teaching strategies of students.

Contradictory results have been reported in the litera-
ture for the reflective/active dimension, with some stud-
ies showing that students prefer to process information
in a more reflective manner [26, 37], while others prefer
to process information more actively [35, 36]. These find-
ings highlight the need to consider an additional category
in medical education studies. We therefore included the
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“balanced” category as described by Jesus (2022) [30] in
our study. In contrast, the studies cited above used the
original instrument of Felder that only included the two
categories for each dimension [1, 18, 26, 35, 37]. This
difference is important since it permits a more in-depth
reflection on the choice of the most appropriate teaching
strategy, especially considering student-centered peda-
gogical actions.

The implementation of teaching methods with the stu-
dent as the protagonist is necessary to promote learn-
ing, development, and conceptual understanding. These
methodologies include those based on constructiv-
ist principles, such as Problem-Based Learning (PBL)
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Fig. 5 Overall distribution of learning style preferences among medical students
Table 2 Percentual distribution of preferences of learning styles according to participant age and gender
Age (years) Gender
Preference 18-21 222 p-value * Male Female p-value *
Domain 1 0.157 0.032
Visual (Vi) 488 55.8 64.0 48.0
Balanced (Vi/Ve) 26.2 276 213 289
Verbal (Ve) 250 16.6 14.6 232
Domain 2 0.922 0.861
Sensorial (Se) 779 785 787 78.0
Balanced (Se/In) 16.9 17.2 15.7 175
Intuitive (In) 52 43 56 45
Domain 3 0.008 0.788
Sequential (Se) 61.0 448 50.6 54.1
Balanced (Se/Gl) 314 411 37.1 358
Global (GI) 76 14.1 124 10.2
Domain 4 0.667 0.098
Active (Ac) 331 36.2 438 313
Balanced (Ac/Re) 378 333 29.2 378
Reflective (Re) 29.1 30.7 27.0 309

* Pearson chi-square test

and Team-Based Learning (TBL) [3]. These methods
are widely used in medical courses [41], especially after
teaching had to be changed in the face of the COVID-19
pandemic [3, 42, 43]. However, Bastos et al. (2022) [3]
also cite the use of the Alternative Methodology of Prob-
lem Cases (AMPC) based on PBL, modified by Lopes
et al. (2019) [41], and TBL proposed by Michaelsen and
Sweet (2008) [44]. AMPC is composed of three stages
(preparation, application, and reflection) that contain
individual and team attributions based on the resolution
of case problems. This methodology differs from PBL and
TBL by valuing the knowledge and socio-historical back-
ground of individuals. It thus enables the development

of creativity, curiosity, autonomy, and critical thinking of
students that will prepare them for real clinical situations
of their future profession [3].

Van der Veken et al. (2008) [45] evaluated student
learning patterns in three types of medical curricula: con-
ventional, integrated contextual, and PBL. The authors
observed that the problem-based model promoted less
learning and a lower ability to express content when
compared to students of the conventional curriculum.
Students of the integrated contextual curriculum showed
a better ability to integrate different aspects into a whole.

Based on the principles of these active teaching-learn-
ing methods and on the data obtained in this study in
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which medical students were found to prefer the sens-
ing and sequential style, as well as considering a certain
heterogeneity in the percentage of the balanced category
in the domains evaluated, we believe that the AMPC
method might be a viable alternative to be tested in
future pedagogical actions in medical schools [46-48].
Furthermore, Bastos et al. (2022) [3] also reported the
possibility of adaptations in the AMPC method accord-
ing to the reality of each higher education institution.

As a limitation of this study, we can consider the
unequal distribution of students by year, since medical
students in the first years are more willing to take part in
research, as they spend more time in college with teach-
ers and researchers, compared to students in the last
years, especially the last two years, who are interning in
health care units or hospitals.

Conclusion

The preferred learning style of medical students from a
medical school in Brazil was the sensing style, followed
by the sequential and visual styles. It was not possible
to determine whether gender or age may influence the
choice of learning methods because of the homogene-
ity of the results. The present data will enable teachers of
the institution involved in this study to plan pedagogical
actions that improve the students’ self-awareness, as well
as their teaching-learning skills, by choosing the most
adequate active methodologies for the medical education
programs considering the individuality of each student
and class.
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