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Toxicology is needed to implement in the occupational health and safety (OHS)

curriculum. Teaching toxicology is very challenging as its multidisciplinary science.

Keeping students engaged in learning is a difficult issue when introducing solely

theoretical framework. To enhance student performance, educators need to be aware

of different learning styles and teach students accordingly. This study aimed to examine

preferred learning styles and to further investigate the impact of learning style on team

allocation and the effectiveness of team-based learning (TBL) in toxicology. A cross-

sectional study of OHS students was performed. The visual, aural, reading/writing,

and kinesthetic (VARK) learning style questionnaire and the Grasha–Reichmann Student

Learning Styles Scale (GRSLSS), which identifies independent, dependent, collaborative,

participant, competitive, and avoidant learning styles, were used with 101 study

participants. After classification, participants studied three aspects of toxicology in three

respective situations: (i) individual learning, (ii) TBL with students of the same VARK

learning style, and (iii) TBL with students of varying VARK learning styles. Afterward,

participants wrote a test on each of the aspects. The dominant VARK and GRSLSS

learning styles were reading/writing (33.33%) and collaborative (50.00%), respectively.

The participants achieved the highest test scores (88.31%) when they studied in a team

with the various VARK styles, followed by studying in a team with the same VARK

style (83.43%). Individual learning produced the lowest average score (69.79%). The

results of this study suggest that creating a successful heterogeneity team based on the

preferred learning styles is an effective teaching method in toxicology. It might be useful

to toxicology educators and research studies from a wide range of disciplines to enhance

student performance.
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INTRODUCTION

Toxicology is one of the essential medical subjects used in occupational health and safety (OHS)
in order to assess the hazard and risk of chemical and biological in the working environment.
Toxicology content for OHS includes the topic of the principle of toxicology related to occupational
health, the major class of industrial compounds, toxicant-related health effects by organ system,
mechanism of toxicity, the use of biomarkers in clinical evaluation, clinical case studies for acute
and chronic effects, toxicology and occupational medicine databases, and the prevention of adverse
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health effects. Students from various backgrounds are a very
difficult task for toxicology teaching, especially when introducing
biochemical concepts. Improving learning strategy of student is
important for them to achieve the course learning outcome.

Team-based learning (TBL) is one of the active learning
strategies that allowed students to work in a small group
format (3–5 students/group). It has been reported that TBL is
increasingly applied in several courses across medical curricula
such as basic sciences, neurology, pharmacology, anatomy,
pathology, and physiology (1, 2). TBL possesses the advantages
of the student learning and social or group interactions (3).
TBL focuses on brainstorming and discussion, resulting in
problem-solving and knowledge application in a collaborative
environment. The process increases the motivation for learning
and creates a concept map that would lead to improve
their recognition, application, and deep learning (4–7). Several
publications reported that TBL is a very well-received and
effective format in health professions education (8). However, it is
not enough to only form a group and tell them to work together
(9). The instructor must work to establish a social bond among
members and/or group them to work together as a team.

The goal of team learning is to apply in-class knowledge to
real-world situations by using simulation and question-guided
learning. However, not all collaboration is fruitful. The previous
study suggested that learning styles theories are useful for
involving students in a variety of collaborative activities and
providing supportive group facilitation (10–12). Thus, to create
a more efficient curriculum, educators need to understand the
learning styles of student in order to facilitate their learning (13).
Learning style is a preferred way of processing and acquiring new
knowledge of an individual (14, 15). Several studies have shown
that matching learning styles of students with a curriculum or
teaching style has improved test scores, while a mismatch has
led to low academic achievement (16). Therefore, identifying
learning styles and behaviors of students is valuable when
developing a program that will produce efficient learners (13).

Among the growing number of tools used to determine
learning preferences is one designed by Fleming and Mills
(17), the visual, aural, read/write, and kinesthetic (VARK)
questionnaire. The VARK questionnaire provides a greater
understanding of the information processing of each student
by reflecting the way students learn (18). The VARK has four
categories, i.e., (i) visual (V): learners who best internalize
and synthesize information when it is presented to them
in a graphic depiction, diagrams, pictures, or colored word
accents; (ii) auditory (A): learners who are most successful
when they are allowed to hear information presented to them
vocally; (iii) reading/writing (R): learners who work best in
the reading/writing modality and demonstrate a strong learning
preference for the written word, word lists, and text-based
handouts; and (iv) kinesthetic (K): learners who need to take a
physically active role in the learning process (19). In the recent
years, the VARK has been used in many countries to assess the
learning style preferences of several groups of undergraduate
students of physiotherapy, nursing, dentistry, and allied health-
care professional programs (20–25). In reviewing, most of them
preferred the read/write and kinesthetic learning styles (23, 26).

The VARK is not a complete learning style inventory. It only
provides users with a simple profile of their sensory learning
preferences (27) and does not consider other learning criteria
that are important in the science classroom, such as how
students interact with peers and the teacher (28). The Grasha–
Reichmann Student Learning Styles Scale (GRSLSS) is one of
the few instruments designed to assess social interaction (29).
The Grasha–Reichmann model focuses on: (i) student attitudes
toward learning, classroom activities, teachers, and peers (30);
and on (ii) how personal attributes influence learning strategies
(31). The GRSLSS classifies the learning styles of student into six
categories including: (i) avoidant: not enthusiastic about learning
content and attending class; (ii) dependent: show little intellectual
curiosity and learn only what is required; (iii) participant: good
students in class; (iv) independent: students who like to think
for themselves and are confident in their learning abilities; (v)
competitive: students who learn the material in order to perform
better than others in the class; and (vi) collaborative: typical
of students who feel that they can learn by sharing ideas and
talents (32). The GRSLSS has been studied across a variety of
educational settings and among students in health professions
such as pharmacy and medicine (33–37). However, there have
been no recent studies of the social interaction model in OHS
students. Therefore, an in-depth understanding of learning styles
and behavior assessment using both the VARK and the GRSLSS
would help the teacher to improve the performance of students.

As mentioned above, to improve the learning of toxicology in
OHS students, the best possible learning environment, learning
styles, and behavior should also be considered (3). TBL is
one strategy that could improve the learning of OHS students.
The previous study indicated that learning style preferences are
valuable for engaging learners in collaborative learning of TBL
(11). However, the effectiveness of TBL for students with various
preferred learning styles is limited. Therefore, this study aimed
to identify the learning styles of students using the VARK and
the GRSLSS instruments and to further investigate the impact of
learning style on team allocation and the effectiveness of TBL in
toxicology. We then hypothesized that team allocation based on
the learning styles of students could improve their TBL outcome
compared to individual learning.

ARTICLE TYPES

Curriculum, instruction, and pedagogy.

MANUSCRIPT FORMATTING

Methodology
Student Population
The study type was cross-sectional. It was conducted at
the Department of OHS, School of Public Health, Walailak
University, Thailand, from November 2019 to February 2020.
The students who were registered and attended the toxicology
class in the second semester of the 2019 academic year were
invited to participate in this study. In this study, a population
is an entire group of students who enrolled in the toxicology
class, which consists of 101 students. All the students who
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TABLE 1 | Detail of individual and team-based learning experiment.

Type of

learning

Number of

students

Group allocation method Topic Learning objectives Learning activities Resources

VARK GRSLSS

Individual 101 – – Metal toxicity Describe the chemical

mechanism of metal

toxicity, and biomarkers of

metal exposure.

Traditional lecture 45min,

individual learning using

questioning technique

60min,

real time feedback

Powerpoint

slides,

online videos,

textbooks

TBL1 101 (5–6

students/group)

Randomly group by

V, A, R, K, or

multimodal

Randomly group by

GRSLSS (2

collaborative

students/group)

Toxic effects of

solvents and

vapors

Explain and describe the

chemical mechanism of

solvent and vapor toxicity,

and biomarkers of solvent

and vapor exposure.

Traditional lecture 45 min,

TBL using questioning

technique 60 min,

real time feedback

TBL2 101 (5–6

students/group)

Randomly group by

VARK (Each group

contains variety of V,

A, R, and K)

Randomly group by

GRSLSS (2

collaborative

students/group)

Environmental

toxicity (water,

soil, air

pollutants)

1. Describe and identify

type and source of

pollutants in environment

(water, soil, and

air pollutants)

2. Explain and describe

the mechanism of toxicity

and biomarker of major

pollutant from water, soil

and air.

Traditional lecture 45 min,

TBL using questioning

technique 60 min,

real time feedback

Under line means students were not allocated into group because of individual learning.

provided informed written consent to participate in this study
were included (n = 101). Inclusion criteria were as follows: (i)
age ≥ 18 years; (ii) attend all the topics of this course; and
(iii) ability to read, write, and understand the Thai language.
Exclusion criteria were as follows: (i) unwilling to participate in
this study or (ii) not possible to be contacted during the data
collection period.

Study Instruments
To determine the instructional preferences and social interaction
models learning styles, the VARK and the GRSLSS were used
because they are reliable, concise, and easy to complete. They
have also been used widely in the field of education among health
profession students (21, 38, 39). The latest Thai version of the
VARK questionnaire (version 8.01) was sourced online (https://
vark-learn.com/). It consists of 16 questions with 4 options each
and the respondents could select more than one response for
each question if deemed suitable. In addition, the Thai version
of the GRSLSS was adapted from Visudtibhan and Disorntatiwat
(40). The GRSLSS is a five-point Likert-type scale consisting of
60 items with six subscales (independent, dependent, avoidant,
participative, competitive, and collaborative) to identify the
learning styles of the students (29). Demographic data (age and
gender) and educational background comprised the first section
of the questionnaire, followed by the VARK and the GRSLSS,
which had been approved and validated by many studies (38, 39,
41).

Data Collection
The questionnaires were distributed in the form of hard copies
to students in the classroom on the first day of class. After
obtaining informed written consent, the participants were invited
to respond to the questionnaires anonymously. The students

TABLE 2 | Baseline demographic data.

Variable Data

Number of students 101

Male 12

Female 89

Age (mean ± S.E.M.) 20.79 ± 0.09

GPAX 2.53 ± 0.04

Toxicology Grade 3.07 ± 0.07

were given 60min to complete the questionnaires. If a student
was found to be absent on occasions, he/she was excluded
from this study. The learning styles of the students were
identified according to the VARK and the GRSLSS and they
were categorized according to their predominant (the highest
scoring) styles.

Team-Based and Individual Learning
Students were taught three topics for 45min on each topic, using
traditional lectures and materials such as PowerPoint slides,
online videos, and selected textbooks. For group allocation, all
the students were randomly grouped based on the VARK and the
GRSLSS styles according to Table 1. After that, all the students
were assigned to learn by: (i) themselves (individual learning)
and by means of TBL, which was divided into two subgroups,
i.e., (ii) TBL with the same VARK style in the same group, and
(iii) TBL with the mixed VARK styles in each group (Table 1).
Learning objectives were announced at the beginning of each
topic (Table 1). Students studied for 1 h on each topic, with
class and outsource materials and question guidelines using the
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FIGURE 1 | The Visual, aural, read/write, and kinesthetic (VARK) and the Grasha–Reichmann Student Learning Styles Scale (GRSLSS) learning styles.

Socrative approach, to check their understanding and give them
feedback in real time. After each topic, students were also tested
by Socrative application and the test scores were collected.

Ethical Considerations
This study protocol was approved by the Institutional Review
Board on the Protection of the Rights of Human Subjects
(Walailak University), which was conducted in accordance with
the Declaration of Helsinki. The topics, teaching materials,

and questionnaire guidelines to evaluate learning outcomes
were approved by Walailak University committees. The
Human Investigation Committee protocol number is WUEC-
19-211-01. All the students responded anonymously to the
study questionnaire.

Statistical Analysis
Data generated from the VARK and the GRSLSS questionnaire
were analyzed according to the method described previously
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TABLE 3 | The Grasha–Reichmann Student Learning Styles Scale (GRSLSS)

subscale scores.

n = 101 Mean ± S.E.M. Minimum Maximum

Independent 3.91 ± 0.03 3.00 4.6

Dependent 3.54 ± 0.04 2.60 4.8

Collaborative 3.93 ± 0.06 2.10 5.0

Participative 3.51 ± 0.04 2.20 4.8

Competitive 2.85 ± 0.06 1.40 4.6

Avoidant 2.87 ± 0.05 1.70 4.1

(19, 41). Results were presented in the form of descriptive
statistics and all data were analyzed by the GraphPad Prism
version 7 Software (GraphPad, La Jolla, California, USA).
Data are presented as means ± SEM. Statistical analyses were
performed using the two-tailed unpaired Student’s t-test or
one-way ANOVA when three or more groups were compared.
Differences were considered statistically significant at p < 0.05.

RESULTS

Demographic Data
The total number of participants was 101 students (males n= 12
and females n = 89) and the response rate was 100%. The mean
age, the accumulated grade point average (GPAX), and toxicology
grade of students were 20.79± 0.09, 2.53± 0.04, and 3.07± 0.07,
respectively (Table 2).

Visual, Aural, Reading/Writing, and
Kinesthetic Learning Style
The learning styles of students were categorized into
unimodal (82.35%) and multimodal (17.65%) patterns.
Within the unimodal pattern, the dominant learning style
was reading/writing (33.33%), followed by kinesthetic (21.57%),
aural (14.71%), and the least presented was visual (12.75%).
All the multimodal patterns were bimodal. Among the
multimodal patterns, the dominant combinations were RA
and RK (5.88%) followed by KV and KA (2.94%) (Figure 1;
Supplementary Table 1).

Grasha–Reichmann Student Learning
Styles Scale Learning Style
The dominant social learning style according to the GRSLSS
was collaborative (50%), followed by dependent (27.45%),
independent (13.63%), competitive (4.90%), and participative
(3.92%), with no participant having the avoidant style as the
dominant one (Figure 1). The GRSLSS subscale scores are given
in Table 3. The highest subscale score was also collaborative,
while the lowest score was competitive.

Mixed Models and TBL Results
Since 50% of the participants had a collaborative learning
style, we then hypothesized that TBL would enhance student
performance. To confirm whether the participants preferred to
share ideas with other students and teachers and could achieve

better scores when working as a team, the three study topics were
used and students were tested after team-based and individual
learning (Table 1). We found that students scored the highest
(88.31%) when they did TBL with various VARK styles in a team
(5–6 students), followed by TBL with the same VARK style in
a team (83.43%). However, the scores were significantly lower
when they learned individually (69.79%) (Figure 2). It suggests
that studying as a team with the different VARK learning styles
enhanced the test scores of students.

DISCUSSION

Teaching style plays an important part in letting students
engage with their knowledge, which could increase student
performance and understanding. Therefore, teachers need
to develop the best teaching methods and materials for
their students. An understanding of the learning styles of
student is one of the strategies for developing teaching
materials suitable for individual students. The results
in this study revealed that the most preferred learning
styles among OHS students were reading/writing (R)
in terms of the VARK and collaborative learning in
terms of the GRSLSS. In addition, TBL consisting of
students with mixed modality and collaborative preferences
produced better toxicology learning performance than
individual learning.

Niel Fleming divides instructional preferences of students
into the four types of the VARK according to how they
best acquire information (19). However, there can also be
a multimodal classification when a student has two to four
learning styles (22, 42). The majority of participants in this
study were unimodal (82%), and the predominant style was
read/write. This result is consistent with those of other studies
on health profession students, such as medical students from
Indiana, USA (43), and nursing students from Thailand (44).
However, medical students from Kuala Lumpur preferred the
kinesthetic style (45), the second most common learning style
in this study (Figure 1). According to other previous research,
there are various learning styles among health profession
students. For example, dental students in Philadelphia, USA,
and medical students in Saudi Arabia mostly had visual
and auditory learning styles, respectively (22, 42). These
variances in the learning styles across countries could be due
to cultural differences and the levels of experience of the
students (45).

Some students could have multimodal learning styles. For
example, more than 60% of caregivers from the USA (46)
and medical students from the USA (43), Turkey (47), Saudi
Arabia (42), Iran (48), and China (49) were multimodal learners.
However, only a small proportion was found in our OHS
students, which was similar to undergraduate medical students
in Kuala Lumpur (45). It could be due to (i) the difference in
teaching instruction from their previous year or how they studied
when they were in high school (45) and (ii) their experience, as
the multimodal learning styles are usually found in people aged
between 20 and 29 years (45).
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FIGURE 2 | Mixed VARK and team-based learning (TBL) results. *p < 0.05 compared to mixed VARK–TBL and #p <0.05 compared to same VARK–TBL (top panel)

and *p < 0.05 between two groups (middle and bottom panels).

The VARK provides users only a simple profile of their sensory
learning preference (27) and does not consider other learning
criteria such as how students interact with peers and the teacher
(28). In the present day, there is a perceived shift from teacher-
centered or traditional to student-centered learning, in which
students learn and work together in their groups. In addition,
the OHS program has a combined active learning and traditional
style curriculum. Our goal in the OHS discipline is teaching that
is mainly based on practical training and active participation

in group work, developing learners to acquire the learning
skills required in the 21st century. To design a more efficient
curriculum and student study group activity, educators need to
understand both how students acquire new knowledge and how
they interact in the classroom. The OHS students in this study
were assigned to work with their peers, and it is fortunate that
the most preferred social interaction model was collaborative
(50%), which was similar to Turkish physiotherapy students
(38%) (21), medical students from Indian Medical College (50),

Frontiers in Public Health | www.frontiersin.org 6 January 2022 | Volume 9 | Article 732550

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Khamphaya et al. Team-Based Learning in Toxicology

and pharmacy students (36). Follow by the second most learning
style found in OHS, dependent, which is also similar to Indian
medical students (50). This type of student sees teachers as the
authority and learns only what is created by the teacher.

Several studies have suggested that the instructor needs
(i) to understand their learning style of students, (ii) to
select educational activities and match with learning style
preferences, and (iii) to value the diversity of the learning
styles within the group. To avoid a dysfunctional group, we
then allocated the team by using the VARK and the GRSLSS
learning styles. Free riding or social loafing is the main factor
of unsatisfactory group-work experiences (51). In addition,
individual characteristics, such as psychological profile and
learning preferences, may influence team performance (52). We
then assigned at least 2 collaborative students in each team and,
as expected, average scores of students were higher when they
worked together (53, 54). Our result suggests that this TBL
could be fitted with the collaborative learning style classified
by the GRSLSS for several reasons. First, collaborative students
can learn better with a collaborative instructional environment
(11). Second, not only the collaborative student but dependent
and participant students were also compatible with these TBL
learning methods (11). However, when dependent/collaborative
students learned individually, their performances were lower
than the competitive learners (Figure 2). It is clear that
collaborative/dependent/participant students learn better when
they were coached by their instructor and surrounded by their
peers. Third, students with TBL get a higher score could be
due to TBL methodology itself. The teachers gave them the
main and subtopics in each section and allowed them to spend
more time discussing and sharing ideas with their teachers
and peers and to ask about what they did not understand.
This strategy may facilitate collaborative learning to improve a
sharing environment in the classroom. Therefore, organizing the
curriculum to include small group discussions may be beneficial
and could help students to get more information and higher
scores than individual learning.

As we mentioned above, TBL improved learning scores when
compared to individuals (Figure 2). Interestingly, average score
of mixed VARK–TBL was higher than the same VARK–TBL
(Figure 2, middle panel). This could be due to students tend to
learn better when they are involved in various VARK-learning
style participation (12). However, a significant change of post-test
score was observed within the same VARK-TBL, especially when
compared between V/A and multimodal. We found that post-test
scores of multimodal students were lower than those of students
who only studied with their visual or aural peers (Figure 2,
middle panel). It could be because V and A can remember and
get information by watching and listening faster than others
(55). However, these results were inconsistent with previous
reports that multi-VARK models can adjust to the different
teaching styles and lead to higher scores from active learning
strategies (39, 56). This could be due to the different multimodal
groups between the two studies. Surprisingly, a competitive style
could help students to get higher scores when they learned
individually, indicating that they were likely to compete with
other students in the class to get a higher grade (Figure 2;

Supplementary Figure 1). In contrast, previous studies found
that the participative style usually leads to higher academic
performance than others when students enjoy and have an
interest in in-class activities (21). Therefore, less activity and
discussions during individual learning might cause them to be
bored or inattentive, and their score would be lower. This may
suggest that increasing in-class activities and group discussions
with various VARK styles in one group would be beneficial
for students.

For each test, TBL helped students to get a higher score when
compared with individual learning. It seems that TBL could help
students improve their scores and performances in the class (57).
However, our students did not show significantly different scores
in their Toxicology grade and GPAX (Supplementary Figure 1

and Supplementary Tables 2 and 3). There was no evidence that
any particular learning style from the VARK and the GRSLSS was
superior to others (Supplementary Figure 1) (15, 26, 58, 59). It
could be because: (i) our teaching method and material might
be suitable for all students but not specific to each learning style
and (ii) students were not aware of their learning styles and were
not exposed to collaborative learning by forming a group and
studying together before the final examinations. Several studies
found that an awareness of one’s own learning style could greatly
enhance success in the summative examination (45, 60–63).
However, the average toxicology grade of student ranged from
3.0 to 3.2 (Supplementary Table 2; Supplementary Figure 1),
which was acceptable as a good level when compared to the
last toxicology course (unpublished data). It could be due
to the feedback that all teachers gave their students right
away after the postexperiment test. Therefore, all the types of
learners would have equal information and get the same score
(Supplementary Figure 1).

To the best of our knowledge, this is the first study that used
both the VARK and the GRSLSS learning styles in toxicology
teaching among OHS students in Thailand higher education.
However, this study has some limitations. First, the learning
style can be changed based on the experience of student (21).
It should be kept in mind that the conclusions of this study
could be limited due to the cross-sectional design. Therefore,
the prospective study design should be considered for further
study. The second limitation of this study is the low number of
students. Finally, the sample was from a single University and not
representative of all the OHS students in Thailand. A larger study
from multiple universities is needed in the future.

CONCLUSION

In conclusion, this study demonstrated that OHS students prefer
to learn using read/write with a collaborative learning style. They
adopted both the modality (VARK) and team learning (GRSLSS)
preference in group allocation that indicated better performance
when compared to individual learning. In summary, this study
guides creating a successful heterogeneity team based on the
preferred learning styles. This information is very useful for
improving the quality of teaching and may impact how educators
create the toxicology classroom environment.
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21. Ilçin N, Tomruk M, Yeşilyaprak SS, Karadibak D, Savci S. The
relationship between learning styles and academic performance in
TURKISH physiotherapy students. BMC Med Educ. (2018) 18:291.
doi: 10.1186/s12909-018-1400-2

22. Murphy RJ, Gray SA, Straja SR, Bogert MC. Student learning
preferences and teaching implications. J Dent Educ. (2004) 68:859–66.
doi: 10.1002/j.0022-0337.2004.68.8.tb03835.x

23. Ojeh N, Sobers-Grannum N, Gaur U, Udupa A, Majumder MAA. Learning
style preferences: a study of pre-clinical medical students in Barbados. J Adv
Med Educ Prof. (2017) 5:185–94.

24. Stirling BV, Alquraini WA. Using VARK to assess Saudi nursing students’
learning style preferences: do they differ from other health professionals? J
Taibah Univ Med Sci. (2017) 12:125–30. doi: 10.1016/j.jtumed.2016.10.011

25. Zhu H-r, Zeng H, Zhang H, Zhang H-y, Wan F-j, Guo H-h, et al. The
preferred learning styles utilizing VARK among nursing students with
bachelor degrees and associate degrees in China. Acta Paul Enferm. (2018)
31:162–9. doi: 10.1590/1982-0194201800024

26. Dobson JL. Learning style preferences and course performance in an
undergraduate physiology class. Adv Physiol Educ. (2009) 33:308–14.
doi: 10.1152/advan.00048.2009

27. Muralidhara DV, Simbak N, Mat Nor MN. Learning style preferences of
preclinical medical students in a Malaysian University. South Asian J Med

Educ. (2013) 7:22–30. doi: 10.4038/seajme.v7i1.146
28. Breckler J, Joun D, Ngo H. Learning styles of physiology students

interested in the health professions. Adv Physiol Educ. (2009) 33:30–6.
doi: 10.1152/advan.90118.2008

Frontiers in Public Health | www.frontiersin.org 8 January 2022 | Volume 9 | Article 732550

https://www.frontiersin.org/articles/10.3389/fpubh.2021.732550/full#supplementary-material
https://doi.org/10.1097/ACM.0000000000000162
https://doi.org/10.1186/s12245-019-0222-2
http://www.jmatonline.com/index.php/jmat/article/view/8159
http://www.jmatonline.com/index.php/jmat/article/view/8159
https://doi.org/10.3928/01484834-20080301-02
https://doi.org/10.1207/s15328015tlm1702_4
https://doi.org/10.1177/0163278702250093
https://doi.org/10.1080/0142159X.2017.1340636
https://doi.org/10.33165/rmj.2020.43.1.227790
https://doi.org/10.1007/s11423-011-9215-4
https://doi.org/10.1108/00400910510592257
https://doi.org/10.1080/14038190600700278
http://ijhssnet.com/journals/Vol_1_No_10_August_2011/19.pdf
http://ijhssnet.com/journals/Vol_1_No_10_August_2011/19.pdf
https://doi.org/10.15537/smj.2015.3.10320
https://doi.org/10.2147/AMEP.S219176
https://doi.org/10.3998/tia.17063888.0011.014
https://vark-learn.com
https://doi.org/10.1186/s12909-018-1400-2
https://doi.org/10.1002/j.0022-0337.2004.68.8.tb03835.x
https://doi.org/10.1016/j.jtumed.2016.10.011
https://doi.org/10.1590/1982-0194201800024
https://doi.org/10.1152/advan.00048.2009
https://doi.org/10.4038/seajme.v7i1.146
https://doi.org/10.1152/advan.90118.2008
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Khamphaya et al. Team-Based Learning in Toxicology

29. Riechmann SW, Grasha AF. A rational approach to developing and assessing
the construct validity of a student learning style scales instrument. J Psychol.
(1974) 87:213–23. doi: 10.1080/00223980.1974.9915693

30. Alzain A, Ireson G, Clark S, Jwaid A. Learning style instruments:
implications of content. Int J Sustain Energy Dev. (2017) 6:304–12.
doi: 10.20533/ijsed.2046.3707.2017.0040

31. Coffield F, Learning, Centre SR, Moseley D, Hall E, Ecclestone K. Learning
Styles and Pedagogy in Post-16 Learning: A Systematic and Critical Review.
London: Learning & Skills Research Centre (2004). Report No.: 1853389188.
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