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Abstract
Background: The authors’ medical school has adopted an inverted classroom model (ICM) for physiology
classes. This study aimed to determine students’ learning styles and investigate the relationship between
learning style and satisfaction with different instruction approaches and components of the ICM.
Methods: One hundred and twenty-one second-year dental students participated in this study, which had a
77.6% participation rate. The Kolb Learning Style Inventory, a sociodemographic questionnaire, and a
satisfaction survey were administered after course completion.
Results: In both the traditional and ICM classes, most of the participants were convergers (56.9 and 54%) and
assimilators (20.7 and 25.4%), and the rest of the participants were accommodators (15.5 and 12.7%) and
divergers (6.9 and 8%). Learning style did not influence participants’ satisfaction and did not predict their
satisfaction with the traditional and ICM approaches. The satisfaction scores for the four components of the
ICM were not significantly different by learning style. The mean satisfaction scores of the ICM approach were
higher than those of the traditional approach in all learning style groups. All of the participants in the ICM
class were more satisfied with the online and teacher-student interaction components than the student group
discussion and presentation components.
Conclusions: Learning style may not be a potential contributing factor for optimizing the implementation of
the ICM. Instead of focusing on learning styles, further research must investigate how to design more efficient
online courses, determine appropriate levels of learning materials, provide more online instructional
interaction, and help students overcome their feelings of fear.
Keywords: Learning style, Student satisfaction, Instruction approach, Inverted classroom model

Background
Successful medical students are expected to have the
ability to organize and manage their learning. Selflearning skills are particularly crucial to achieving effective lifelong learning in the medical field, where
scientific knowledge is continuously producing and
changing [1]. Therefore, medical schools have started
to adopt new teaching methods, such as the inverted
classroom model (ICM), to train medical students to
be effective self-learners. Some reports have indicated
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that student engagement under the ICM results in
improvement in self-learning skills [2, 3] and greater
facilitation of student-centred learning [4–6]. However, the question remains as to how the design and
implementation of the ICM could be maximized for
efficiency and satisfaction outcomes. Since students
are the centre of medical education, information
about the individual learning characteristics of students, such as their learning styles, might help answer
such questions. Learning styles theory indicates that if
a teaching method is matched to the learning styles
of the learners, educational outcomes can be improved. However, there are continuing disputes over
the use of the learning styles theory because of the
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lack of evidence to support it [7–9]. Interestingly,
despite this lack of evidence, there is a widespread
belief about the value of the use of learning styles in
education [9]. Some studies have demonstrated the
popularity of the use of learning styles among school
teachers, including higher education faculty [10–12].
Similarly, in our teaching practice in China, most faculty believe that teaching according to a student’s
learning style can enhance learning, and they have
tried to make recommendations for curriculum reform, for instance, about how to improve the quality
of the ICM based on learning styles theory. Therefore, as a first step towards exploring the possibility
of solving this problem, we aim to validate the ability
of learning style instruments to improve the quality
of the ICM.
More than 70 different learning styles schemes have
been formulated [13]. Kolb’s learning styles constitute
one of the best-known and widely used learning style
theories. David Kolb’s model is the basis for the
Learning Style Inventory, an assessment tool to
categorize learners as to “how one acquires
knowledge” [14]. According to Kolb’s model, individuals may
prefer one of four styles — Accommodating, Converging,
Diverging, or Assimilating (Additional file 1: Figure S1)— depending on their approach to learning [14]. Kolb suggested
that learning is a four-stage circle from experience to
observation to conceptualization to experimentation
and back to experience (Additional file 1: Figure S1).
Despite a lack of evidence to support the use of
learning styles, some educators have supported the argument that learning about students’ individual learning styles is essential for faculty to design and
implement effective teaching [11, 15]. In addition,
some medical faculty in higher education have reported
that the learning styles from Kolb’s LSI were related to
satisfaction or preferences for certain instruction approaches [16, 17].
Many studies have reported the positive impact of
the ICM on students’ performance and perceptions
[18–21]. Regarding problem-based learning (PBL)
classes, there have been studies on the relationship of
medical school students’ learning styles to their satisfaction [16, 17]. However, in the context of ICM classes, no study has assessed dental students’ satisfaction
in terms of their learning styles. To explore a possible
strategy for more effective implementation of the
ICM, this study aimed to identify the learning styles
of dental students in traditional and ICM classes at
Cheeloo College of Medicine, Shandong University,
and investigate the relationship between students’
learning styles and their satisfaction with different instruction methods and the different components of
the ICM.
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Methods
Participants and ethics

Medical physiology is taught to 2nd-year dental students
at Cheeloo College of Medicine, Shandong University.
This study compared a traditional lecture course taught
in fall 2015 and an ICM-based course taught in fall
2018. All students from both classes (n = 156) entered
the study (without any sampling). Of both groups, 121
students completed the questionnaire and inventories
appropriately, for a participation rate of 77.6%. No pedagogic changes in the teaching syllabus, textbook, or
learning materials, such as problem sets, were made to
the teaching contents of the course. This study, with use
of the student survey, was identified as exempt from
supervision by the Ethics Committee of Shandong University, Cheeloo College of Medicine. Students were informed about the study and signed consent forms.
Study design

We used a comparative design. The traditional and ICM
classes were regarded as two different instruction approaches. The two different teaching models are compared in Table 1. The online component of the ICM, the
medical physiology massive open online course
(MOOC), was designed by the Department of Physiology
of Shandong University on the Icourse platform (http://
www.icourse163.org/course/sdu-437005#/info). In this
study, satisfaction with different instruction approaches
or components of the ICM were the dependent variables, and learning styles, educational background of the
parents, and gender were independent variables.
Data collection

The surveys were conducted with both classes of dental
students using Kolb’s Learning Style Inventory (LSI), the
satisfaction questionnaire, and the simple sociodemographic questionnaire at the end of the course.
Kolb’s learning style inventory (LSI)

The LSI, developed by Kolb, is a widely distributed tools
to assess individual learning styles [14]. According to the
results of studies on the reliability and validity of Kolb’s
Learning Style Inventory (LSI) scores that have been
conducted in several countries, including China, a Cronbach’s alpha value of 0.7 was used for the Kolb’s LSI
used in our study.
Kolb’s LSI was used to collect data about the students’
learning styles. The LSI contains four primary subscales
that assess concrete experience (CE), reflective observation (RO), abstract conceptualization (AC), and active
experimentation (AE) (Additional file 1: Figure S1). The
AE and RO constructs are from left to right on the horizontal axis, and the CE and AC constructs are from top
to bottom on the vertical axis. In the inventory,
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Table 1 Comparison of the traditional and ICM teaching models. Table 1–1 is shown in. Additional file 2
Implementation

Traditional Class

ICM Class

Teaching pattern

Four sections for 13 weeks:
1. Online course
2. Group discussion (F2F time: 10 mins per week)
3. Presentation (F2F time: 50 mins per week)
4.Teacher-student interaction (F2F time: 40 mins
per week)

One section for 13 weeks:
200 min of instruction in a F2F time lecture format per week.

Learning contents

Textbook: twelve thematic chapters structured
on the basis of organ system-related themes.

Online course: twelve thematic blocks structured on the basis of
organ system-related themes, each with multiple sub-block including
one course outline, one to three less than 15-min in length micro-lesson
videos, which cover one or two main points of one sub-block (an
example of one sub-block showed in Table 1–1).

Before F2F time

Preview the study materials by students
(Textbooks, etc.).

Self-study online course by students (Access the online part on personal
computer or smartphone.):
1. Watch micro-lesson videos selected from MOOC.
2. Read materials, online homework, one online quiz (Multiple-choice
questions and Long and short-answer questions). And participate in a
discussion board.

In F2F time

Teacher-centered teaching by using the
multimedia teaching, 200 mins per week.

1. Group discussion (10 mins per week)
2. Presentation (50 mins per week)
3.Teacher-student interaction through an audience response system
software (40 mins per week).

After F2F time

Homework and feedback from instructors

Review the learning contents and acquire additional resources from
discussion board.

Grade

Final examination (80%), usual performance (20%).

Final examination (70%), online credit (30%).

respondents are asked to rank four phrases that correspond to the four learning modes. A score of four
is given to the phrase that is considered to be the
most characteristic of a respondent’s learning style,
whereas a score of one is given to the phrase that is
considered to be the least characteristic of his/her
learning style. The subscale scores are combined to
assess an individual’s preference for abstractness over
concreteness (AC–CE) and action over reflection
(AE–RO). Then, the preference scores are plotted on
the horizontal and vertical axes and fall within one of
the four quadrants, with each quadrant representing
one learning style (Additional file 1: Figure S1).
Students with the four learning styles can be described as follows. First, accommodators mainly do,
watch, and listen when they learn. Second, divergers
are dominant in concrete experience (CE) and reflective observation (RO). They mainly observe and are
open to experiences when they learn. Third, convergers like ideas, theories, and doing when they learn.
Fourth, assimilators mainly think and watch and are
interested in abstract concepts; they use logic to define a problem.
Satisfaction questionnaire

The satisfaction questionnaire was designed by the authors to identify the satisfaction levels of participants
with different approaches and different activities involved in the ICM the 10 items of the questionnaire
were developed based on the CEQ (Course Experience

Questionnaire) used in Australia [22] and referenced a
previously published empirical research paper [16]. For
each of the ten statements on the questionnaire, students were asked to check the number (on a Likert scale
between 5 = strongly agree and 1 = strongly disagree)
that best reflected their rating of the traditional approach, the ICM approach and different activities involved in the ICM. Of the ten items, six statements were
about how students felt about the two different instruction approaches, including their psychological comfort,
and how the approaches contributed to the students’
learning and their future professional lives. The mean
satisfaction score of each student was the student’s total
score from the six statements divided by 6. Overall satisfaction was estimated with the mean score of the six
statements in the satisfaction questionnaire. Then, to
measure the level of satisfaction with each approach,
students whose mean score was above 3.0 were considered satisfied with the approach. The other four statements were about how the different components of the
ICM contributed to learning (Table 4).
Data analysis

Statistical analyses were performed by using GraphPad
Prism 6 software (Prism 6.0, GraphPad Software, San
Diego, CA, USA) and SPSS 23.0 (IBM Corp., Armonk,
NY, USA). To identify differences in satisfaction
scores among students with the four learning styles
and with different instruction approaches and components of the ICM, independent-samples t-tests and
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one-way ANOVA were used as appropriate. The basic
principle for using nonparametric tests (Mann-Whitney test and Kruskal-Wallis test) in some comparisons was an inadequate number (< 30) of participants.
The general linear model-based univariate ANOVA
technique was used to assess the effects of students’
learning styles on their satisfaction with the different
instruction approaches and their satisfaction with the
four components of the ICM. To evaluate the predictive effect of the four learning styles of students on
satisfaction with different instruction approaches, we
used binary linear logistic regression analysis. A probability value of P < 0.05 was considered to be
significant.

Results
Learning style inventory

A total of 58 (response rate 76%) and 63 (response rate
79%) participants in the traditional and ICM classes, respectively, completed this inventory. The average ages of
the student populations were 19.1 ± 0.7 yr. and 19.1 ± 0.5
yr., respectively. The characteristics of the participants in
the two classes are shown in Table 2. Of the 58 students in
the traditional class, the largest group by learning style was
the converger group, representing 56.9% (n = 33) of the
class. The remaining students in the assimilator, accommodator and diverger groups represented 20.7%
(n = 12), 15.5% (n = 9) and 6.9% (n = 4) of the class,
respectively. Of the 63 students in the ICM class, the
largest group by learning style was the converger
group, making up 54% (n = 34) of the class. The rest
of the students in the assimilator, accommodator and
diverger groups represented 25.4% (n = 16), 12.7% (n = 8)
and 8% (n = 5) of the class, respectively (Additional file 1:
Figure S1).
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Student survey results

For the 6 statements in the satisfaction questionnaire (a
Cronbach’s α-value of 0.85 for the questionnaire), the
mean scores for the ICM approach were higher than
those for the traditional approach in all learning style
groups (Fig. 1). Of the six statements, five had higher
mean scores for the ICM approach than for the traditional approach; only the statement “I spend less time
on learning this course” had a higher score for the traditional approach, which was the highest satisfaction
score (3.5) for the traditional approach. However, the
highest satisfaction score (3.9) was given by participants
in the ICM class in response to the statement “The
course format is helping me to better prepare for my future professional life” (Table 3).
The results from the tests of between-subjects effects
(Additional file 3: Table S2) indicated that the mean satisfaction scores were significantly different for the two
different instruction approaches [F (1,113) statistic (=
30.98), P < 0.01]. The mean satisfaction scores were not
different by learning style [P = 0.58]. Regarding the interaction effect of learning style and instruction approach,
the impact of different learning styles on satisfaction was
the same for students in the traditional class as it was
for students in the ICM class [P = 0.08].
Binary logistic regression analysis was used to explain
the relationship between satisfaction and learning style
in traditional and ICM approaches. Learning styles were
not predicting factors of satisfaction for the traditional
[P = 0.10] or ICM approach [P = 0.90] (Additional file 4:
Table S3).
According to the participants’ responses to the 4 statements on the satisfaction questionnaire (a Cronbach’s αvalue of 0.84 for the questionnaire) about the different
components of the ICM, in all learning style groups, the

Table 2 Characteristics of the participants
Gender

Father′s educational level

Female

Male

High school or lower

18 (51.4)

15 (65.2)

15 (55.6)

Traditional approach
Converger

Mother′s educational level
University or higher

High school or lower

University or higher

17 (48.6)

16 (69.6)

n (percentage)
18 (58)

Assimilator

7 (20)

5 (21.7)

5 (18.5)

7 (22.6)

9 (25.7)

3 (13)

Accommodator

8 (22.9)

1 (4.3)

5 (18.5)

4 (12.9)

6 (17.1)

3 (13)

Diverger

2 (5.7)

2 (8.7)

2 (7.4)

2 (6.5)

3 (8.6)

1 (4.3)

Total

35 (100)

23 (100)

27 (100)

31 (100)

35 (100)

23(100)

22 (61)

12 (44.4)

23 (60.5)

11 (44)

21 (53.8)

13 (54.2)

ICM approach
Converger

n (percentage)

Assimilator

6 (16.7)

10 (37)

8 (21.1)

8 (32)

10 (25.6)

6 (25)

Accommodator

5 (13.9)

3 (11.1)

4 (10.5)

4 (16)

6 (15.4)

2 (8.3)

Diverger

3 (8.3)

2 (7.4)

3 (7.9)

2 (8)

2 (5.1)

3 (12.5)

Total

36 (100)

27 (100)

38 (100)

25 (100)

39 (100)

24 (100)

The percentage values represent the total number of students (n) per learning style group in the traditional and ICM classes
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Fig. 1 Students’ satisfaction with the instruction approach
(traditional and ICM approaches) by learning style. The satisfaction
score for each approach is the mean score of the six questionnaire
statements listed in Table 3. The responses to each of six statements
were provided using a Likert scale ranging from 5 to 1 (i.e., strongly
agree, agree, unable to comment, disagree, and strongly disagree).
The values are presented as the means ± SD. *P < 0.05, analysis by
independent-samples t-test

participants agreed more with statements 1 and 4
(“The online portion of the ICM class contributes to
my learning the course content” and “The teacherstudent interaction in the class meetings contributes
to my learning the course content”) than with statements 2 and 3 (“Student discussion contributes to my
learning the course content” and “Student presentations contribute to my learning the course content”)
(Table 4). The results from the tests of between-subjects effects (Additional file 5: Table S4) indicated
that the four dependent variables, i.e., the satisfaction
scores for the four components of the ICM, did not
differ significantly by learning style [P = 0.25, P = 0.24,
P = 0.06 and P = 0.07].
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Discussion
By using Kolb’s LSI, our findings showed that, both in
the traditional and ICM classes, most of the participants
were convergers (56.9 and 54%) and assimilators (20.7
and 25.4%) who preferred to learn by forming abstractions, which is consistent with the results of some studies conducted among medical students and what would
be expected in the area of natural sciences [23–25]. In
both groups, although the four different learning styles
were very unequally distributed, more than half of the
students could be assigned to the converger type, and
the distribution of participants’ preference scores along
the two dimensions of Kolb’s LSI was scattered and
broad (Additional file 1: Figure S1); hence, these participants could be further analysed to predict their satisfaction with different teaching approaches.
The results of our study showed that learning styles
did not influence participants’ satisfaction with the instruction approach in the traditional or ICM classes.
Learning styles may not predict satisfaction with traditional and ICM approaches. Our results do not support
the use of learning styles to inform instruction. Instruction based on learning style has become prevalent in
public education for the last two decades [7]. Based on a
large amount of literature in the form of books, training
materials, practitioner guides, and theoretical articles,
many educators believe the learning styles hypothesis,
that is, that matching the learning style to the instructional mode produces better academic and perceived
performance (student satisfaction can be defined as a
function of perceived performance regarding the service
quality of the university [26, 27].). Some empirical studies have provided positive results to support this hypothesis [16, 17, 28–31].
On the other hand, many studies have refuted the hypothesis, suggesting weak associations between learning
styles and learning outcomes, including academic and
perceived performance [8, 9, 32–35]. Although the use
of learning styles has been contradictory, it is interesting
to note that beliefs in the value of using learning styles
are still popular among higher education faculty [10–

Table 3 Students’ satisfaction with the instruction approach (traditional and ICM approaches)
Statements

Likert score
Traditional approach

ICM approach

1. The instruction approach currently used contributes to my learning course content

3.1 ± 0.5

3.7 ± 1*

2. I feel relax and comfort in this approach

3.1 ± 0.5

3.7 ± 0.9*

3. The course format is helping me to prepare my future professional life better

2.9 ± 0.5

3.9 ± 0.7*

4. The course format is helping me to prepare my exam better and receive higher score

2.9 ± 0.5

3.3 ± 0.6*

5. I spend less time on learning this course

3.5 ± 0.6*

3.2 ± 0.8

6. The course format is helping me to improve my communication skills

3.1 ± 0.6

3.5 ± 0.9*

The responses to each of six statements were assessed using a Likert scale ranging from 5 to 1 (i.e., strongly agree, agree, unable to comment, disagree, and
strongly disagree). The values are presented as the means ± SD. *P < 0.05, analysis by independent-samples t-test
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Table 4 Satisfaction of the participants with 4 components of the ICM class (n = 63)
Satisfaction of participants with different activities associated with ICM class in ICM approach
Likert score for Statements

Converger
Assimilator

1 The online part of ICM class
contributes to my learning
course content

2 Students discussion section
contributes to my learning
course content

3 Students presentation
section contributes to
my learning course content

4 Teacher-student
interaction section on
the class meeting
contributes to my
learning course
content

4.6 ± 0.6

3.6 ± 0.9*

3.5 ± 0.9*

4.2 ± 0.8

4.5 ± 0.5

#

3.6 ± 0.8#

4.1 ± 0.6

#

#

3.6 ± 0.9

Accommodator

4.4 ± 0.7

3.3 ± 0.9

2.8 ± 0.9

3.8 ± 0.7

Diverger

4.0 ± 0.7

2.8 ± 0.8#

2.4 ± 0.5#

3.4 ± 0.5

The values are presented as the means ± SD. *P < 0.05, analysis by one-way ANOVA, # P < 0.05, analysis by Kruskal-Wallis test

12]. Therefore, many teachers have also endorsed the
use of learning styles in our university and attempted to
improve the quality of ICM classes via the use of learning styles. In the context of the ICM, our results first indicated that learning styles had no effect on students’
satisfaction and could not predict students’ satisfaction
with the traditional or ICM approach, which was consistent with experimental studies disproving the learning
styles hypothesis. Thus, learning styles may not be a potential contributing factor for optimizing the application
of the ICM to improve our educational services.
In addition to overall satisfaction, our study found
that learning styles did not affect the students’ satisfaction with each of the four components of the ICM,
which further supported findings that the correlation
between learning styles and students’ satisfaction with
different instruction approaches is small. All of the
participants in the ICM class were more satisfied with
the online course and class-meeting components than
the student group discussion and presentation components. The possible reason for the lower satisfaction
with components 2 and 3 may be the fear of feeling
lost or unprepared, as captured by the following items
in the questionnaire: “I fear public speaking because I
might give a wrong answer” and “I want more guidance.” As Cristina R. noted, the added workload (e.g.,
the concept of “teaching ourselves” that led students
to believe they had “extra” work) and the fear of unsettled classrooms (e.g., that group discussions and
problem-solving activities such as presentations may
create a chaotic classroom environment) are reasonable fears resulting from long-term adaptation to
learning under traditional instruction [20]. Our study
showed that students also had fears about the ICM
approach, which have been reported in the literature
[36–38]. These fears can be overcome in the longterm by increasing teaching commitment from
instructors in ICM classes. Therefore, instead of focusing on the use of learning styles, it may be more

productive for teachers and students to consider how
to help students overcome feelings of fear regarding
ICM classes.
The mean satisfaction scores for the ICM class in our
study were significantly higher than those for the traditional class, regardless of the students’ learning styles,
which is similar to many reports that have shown higher
satisfaction ratings for ICM classes among medical students [39–43]. These results possibly arise from an
agreement between the demands of medical studies and
the characteristics of the ICM. It has been well accepted
that the ICM features active learning, critical thinking,
communication ability and so forth, which are aimed to
enhance learning and professional development in medical students [2, 20, 42]. The results show that the participants in the ICM class gave higher scores than the
participants in the traditional class for the statement
“The course format is helping me to prepare for my future professional life better”; the highest satisfaction
score (3.9) was given by participants in the ICM approach in response to this statement. In the written responses, one of the students in the ICM class wrote, “I
made some improvements in communication skills and
critical thinking through this course,” which are necessary abilities in a successful physician’s career [44]. The
results of the present study also confirmed that the ICM
approach might be more likely to improve these skills
than the traditional approach. However, the participants
in the traditional class gave higher scores than the participants in the ICM class for the statement “I spend less
time on learning in this course”; the highest satisfaction
score (3.5) given by participants in the traditional class
was given in response to this statement. The only negative result showed that the participants in the ICM class
were less satisfied with the time spent on the pre-course
component (MOOCs) than participants in the traditional approach. Although research on ICM courses has
become more prevalent [45], one major challenge raised
regarding MOOCs is low-course completion rates and
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high dropout rates [46, 47]; one of the causes for these
problems is a lack of time, which was noted by Belanger
& Thornton [48]. Our results also indicated that students in the ICM class probably spent much more time
completing the course correctly than those in the traditional approach. Therefore, instead of focusing on the
use of learning styles, further research on how to address
this issue must focus on how to design more efficient
online courses, determine appropriate levels of student
learning materials, and provide more online instructional
interaction.
A limitation of this study is the small number of questions in the satisfaction questionnaire. The 10 items
were developed based on the CEQ used in Australia [22]
and referenced a previously published empirical research
paper [16], which could be feasible to evaluate the students’ satisfaction with courses; however, adding more
new items that reflect the impact of the ICM on active
learning, critical thinking, and communication ability
may provide more comprehensive results. However, developing a new questionnaire with high reliability would
require much work in the future. Another limitation of
our study is that there was a three-year gap between the
two courses that were compared. Although the same
teaching syllabus, textbook and learning materials, such
as the problem sets, have been used for the past five
years, a better comparison method could be self-reported, pre- and post-control observations or a group
comparison of students of the same grade. To eliminate
the effects of two different courses on the evaluation of
teaching approaches, we used ANCOVA (analysis of covariance) before the comparison to confirm that the different two courses, that is, the covariates, would not
affect our results for the dependent variable (data not
shown). However, there must be bias due to the time
lag. Therefore, longitudinal studies with the same groups
could provide more convincing results.
Another limitation of this study was the lack of an effect of ICM vs. traditional teaching on academic achievement. We analyzed the relationship between learning
style and learning outcome, but there was no statistically
significant difference between the exam scores of the
four learning style groups, and in the logistic regression
analysis, none of the four learning styles were predictors
of student success in either the traditional or ICM group
(data not shown).

Conclusions
Our results showed that the majority of the participants
were convergers and assimilators. Learning style did not
influence participants’ satisfaction with different instruction approaches and components of the ICM; thus,
learning style may not predict satisfaction with traditional and ICM approaches. Participants were more
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satisfied with the ICM than the traditional approach,
regardless of which learning styles they favoured. Our
findings lead us to believe that learning style may not
be a potential contributing factor for optimizing the
application of the ICM to improve our educational
services. The results showed lower satisfaction with
the time required for learning in the ICM and the
student group discussion and presentation components, which revealed that some weaknesses exist in
the ICM currently employed in our university. Instead
of focusing on learning styles, further research should
explore how to design more efficient online courses,
determine appropriate levels of learning materials,
provide more online instructional interaction and help
students overcome feelings of fear.
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