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Abstract 

Background: Learning styles influence the outcome of the student performances based on preliminary data avail-
able. To evaluate whether the learning styles discriminate the cumulative gross point average (CGPA) scores and self-
directed learning hours (SDL) in an integrated curriculum of dental students.

Methods: Participants in this blinded cross-sectional study were dental students enrolled in the Bachelor of Dental 
& Oral Surgery program at XXXX College of Dentistry. An online survey (Kolb Learning Style Inventory) was used to 
collect data. It has four sections: Concrete Experience (CE), Abstract Conceptualization (AC), Reflective Observation 
(RO), and Active Experimentation (AE). Questionnaire was distributed electronically to students of Academic level 1 to 
5, selected by using non-probability quota sampling technique. In addition to learning style assessment the question-
naire also included measures to obtain data such as gender, academic level, CGPA score, and SDL hours of partici-
pants. The CGPA scores were categorized into average (3 to 3.6), good (3.7 to 4.2), excellent (4.3 to 4.7) and outstand-
ing (> 4.7) as well as SDL in to three classes as, < 1 h, > 1 but < 3 h and > 3 h. Discriminant function test was computed 
to assess the effectiveness of discrimination by the learning styles in GPA and SDL.

Results: The study’s questionnaire was completed by 198 participants (43% females and 57% males). Learning styles 
were discriminated by excellent category of CGPA scores that presented 72.1% group membership whereas in case 
of outstanding category presented the least as 17% group membership. Learning styles were discriminated by > 2 
but < 3 h category of SDL hours that presented 69.7% group membership.

Conclusion: Learning styles can be used to discriminate the student academic performances and self-directed 
learning hours. Among the different category of CGPA participants with outstanding performance represent a good 
prediction for learning styles preferences. Participants with varying SDL hours also influenced the learning styles.
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Introduction
Learners’ learning styles have been defined as a multi-
step process that requires them to take in information, 
process it, preserve it, and then remember it [1]. Recog-
nizing each student’s unique learning style may be quite 
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beneficial in the educational process as a whole. The 
current trend in education is away from pedagogy and 
toward andragogy, or learning based on students centred 
rather than teachers centered [2, 3]. It can be difficult for 
teachers to efficiently convey material to students if their 
teaching strategies do not fit the students’ learning styles 
[4]. There are several ideas on how people learn, but one 
of the most popular is called experiential learning theory 
(ELT) [5]. As per ELT proposed by David Kolb, two dia-
lectically grasping modes were Concrete Experience (CE) 
and Abstract Conceptualization (AC) as well as Reflec-
tive Observation (RO) and Active Experimentation (AE) 
were two dialectically transforming experience that focus 
on experience as the important factor to the learning 
process [6]. In contrast to other learning theories, ELT 
emphasizes the important significance of experience [7, 
8]. Hosseini et al. argued that while a dominant learning 
style is important in predicting educational performance, 
teachers should also consider students’ learning prefer-
ences when developing learning opportunities [9]. Stu-
dents and teachers who are aware of their learning styles 
are more likely to succeed in school [10].

The Cumulative Grade Point Average (CGPA) is used 
to assess students’ academic achievement. Many factors, 
such as gender, previous academic performance, living 
place and income level of family, social environment, 
time spent studying, learning ability, and living place dur-
ing university life, can act as both a barrier and a cata-
lyst to students achieving a high CGPA that reflects their 
overall academic performance.

SDL’s philosophy, which encompasses theories of adult 
education, humanism, constructivism, and empower-
ment, resonates well with the Schön and Kolb learning 
models [12, 13]. According to Knowles [11] self-directed 
learning (SDL) is an entity in which individuals take the 
initiative in assessing their own learning requirements, 
establish learning objectives, and discover human and 
material resources. They then choose and apply suitable 
learning techniques and evaluate the results. Preclini-
cal students may benefit from self-directed learning in 
an integrated curriculum, according to Kidane et  al., 
who cited PBL as a component of the hybrid curriculum 
[14].  With a strong positive link between self-directed 
learning readiness and learning presence, Hwang et  al. 
found that 71% of what students learned was transferred 
to the real world [15].

Despite the absence of proof that learning styles are 
really beneficial in assessing students’ academic success, 
a recent analysis confirms that current research articles 
’about’ Learning Styles in higher education that strongly 
support their usage [16]. As a result, the majority of data 
was based on assumptions rather than testing learn-
ing styles directly. For example, researchers got learning 

styles questionnaire completed by the group of students 
and then make recommendations that are implemented 
based on the results to reform the curriculum. Then later 
on whether the reformed curriculum based on learning 
styles preferences would actually promote the academic 
performance of the students and determination of which 
learning style based instruction is so often anticipated to 
have merit was not tested.

Sufficient evidence exists in providing the relationship 
and importance of SDL and preferred learning styles of 
various fields but current literature doesn’t show any 
studies that investigated the effectiveness of correspond-
ing level of learning styles as per KOLB. The researchers 
are interested to know whether KOLB model of learn-
ing style preferences discriminate the CGPA and self-
directed learning hours of the dental students.

Materials and methods
In the present cross-sectional study the participants were 
the dental students cohort involved in Bachelor of Dental 
& Oral Surgery program for the academic year 2020–21 
at College of Dentistry, Jouf University, KSA. All meth-
ods were performed according to relevant guidelines. 
Participants remained non-anonymous with voluntary 
participation in the study. An email invitation was sent 
to all eligible participants, asking them to complete the 
survey. This entailed sending an invitation to partici-
pate and then only sending the questionnaire to those 
who responded positively to the invitation and provided 
consent. This was an extra step in survey recruitment 
that required potential participants to give consent to be 
invited to participate in a survey, and then to give passive 
consent by returning the completed copy upon receipt of 
the questionnaire. Questionnaire was distributed elec-
tronically to students using non-probability quota sam-
pling technique. Students from the academic level 1 to 
5 enrolled for the program were included in this study. 
The students enrolled in specific courses of the said 
program wherein SDL is not a part of the course learn-
ing activities were excluded from the study. Data col-
lection was done using a questionnaire (Kolb Learning 
Style Inventory version 3.1) [17] consisting of 4 separate 
sections. Each section represented a particular learning 
style of KOLB model such as concrete experience, reflec-
tive observation, abstract conceptualization and active 
experimentation. In total the questionnaire contained 80 
questions which were equally distributed to represent all 
the four learning styles of KOLB model. The question-
naire included instructions and a guide to help the par-
ticipants to get notified of results and also calculation of 
their learning style based on the results of the responses. 
Provision was made to generate the strength of learn-
ing style which was assessed on scale ranging from 1 to 



Page 3 of 7Ganji et al. BMC Medical Education          (2022) 22:493  

5, graded as 1- very low preference, 2- low preference, 
3-Moderate preference, 4- strong preference and 5- very 
strong preference.In addition to learning style assess-
ment the questionnaire also included measures to obtain 
data such as gender, academic level, CGPA score, and 
SDL hours of participants. The participants were advised 
to input the CGPA score from their individual portal 
account of academic performance provided by the uni-
versity and regarding the number of SDL hours employed 
by the students during the current course. This study 
was conducted according to the Local committee of Bio-
ethics guidelines of the Jouf University, KSA. The Local 
committee of Bioethics granted ethical clearance for this 
project (14–15-9/40). The content validity of the ques-
tionnaire items assessing learning styles were checked 
by two senior teaching staff members not involved in the 
study and were found to have very good internal consist-
ency (Cronbach’s alpha score 0.89). The realibility index 
for the four learning modes of KOLB model were: con-
crete experience α = 0.89, reflective observation α = 0.82, 
abstract conceptualization α = 0.86 and active experi-
mentation α = 0.81.

Statistical analysis
IBM SPSS Statistics for Windows® (version 23.0, IBM 
Corp, Armonk, NY) was used for data entry and statis-
tical analyses. For analytic reasons, the CGPA score of 
each student released by university was standardized 
using visual binning function in SPSS and into four aca-
demic performance categories by values (with three cut-
off points). The four academic performance categories for 
CGPA scores were average (3 to 3.6), good (3.7 to 4.2), 
excellent (4.3 to 4.7) and outstanding (> 4.7). Similarly 
the SDL hours were also categorized in to three classes 
as SDL hours < 1  h, > 1 but < 3  h and > 3  h. Discriminant 
function test was computed to assess the effectiveness of 
discrimination by the learning styles in GPA and SDL.

Results
A total of 198 participants responded to the question-
naire of the study. Out of 198 participants 43% were 
female and 57% were males. The mean preferences 
scores of learning styles in relation to different groups 
of CGPA scores are presented in Table 1. AE was pre-
ferred learning style among all students with different 
CGPA scores. The mean preferences scores of learning 
styles in relation to different groups of SDL hours are 
presented in Table 2. RO was the least preferred learn-
ing style among all the student with different level of 
SDL hours. RO & CE were the only 2 learning styles 
that demonstrated significant difference (p < 0.05) with 
respect to CGPA scores suggesting that RO & CE differ 
with varying CGPA scores of the participants (Table 3 

& 4). Table  5 represent preferences of learning styles 
of all participants over different CGPA scores and SDL 
hours in order of ranking. AE was the most preferred 
learning style among all levels of CGPA scores and 
SDL, whereas RO, AC & CE learning styles varied for 
different ranking with different level of CGPA and SDL 
hours. Learning styles were discriminated by excel-
lent category of CGPA scores that presented 72.1% 

Table 1 Mean preferences scores of learning styles with different 
group of CGPA scores (n = 198)

CGPA score Learning style 
preferences

Mean Std. Deviation

Average
(n = 50)

RO 2.96 .98

AC 3.01 .98

CE 3.40 1.27

AE 3.84 .82

Good
(n = 46)

RO 2.95 .93

AC 2.83 1.20

CE 2.61 1.24

AE 4.00 .91

Excellent
(n = 49)

RO 3.33 1.34

AC 3.27 1.25

CE 3.86 1.28

AE 4.25 .79

Outstanding
(n = 53)

RO 3.59 1.03

AC 2.85 1.25

CE 3.10 1.22

AE 4.23 .66

Table 2 Mean preferences scores of learning styles with different 
group of SDL hours

SDL Learning style 
preferences

Mean Std. Deviation

 < 1 h RO 3.08 1.17

AC 3.14 1.22

CE 3.50 1.31

AE 4.26 .64

 > 2 but < 3 h RO 3.16 1.12

AC 2.88 1.20

CE 3.19 1.37

AE 4.08 .90

 > 3 h RO 3.49 1.10

AC 3.11 1.12

CE 3.33 1.27

AE 3.88 .82

AC 3.02 1.18

CE 3.33 1.33

AE 4.09 .81



Page 4 of 7Ganji et al. BMC Medical Education          (2022) 22:493 

group membership whereas in case of outstanding cat-
egory presented the least as 17% group membership 
(Table  6). Learning styles were discriminated by > 2 
but < 3  h category of SDL hours that presented 69.7% 
group membership (Table 7).

Discussion
Learning styles are thought to have a minor impact on 
academic performance. Regardless of how minor the 
effect on learning outcomes, it is widely acknowledged 
that learning styles can help students improve their own 
learning and thus encourage self-directed learning. The 
results of present study showed that learning styles did 
influence and discriminated CGPA scores of participants 
with very much influence by RO and AE learning styles. 
The model fit that learning style discriminating excel-
lent category of CGPA participants was more predict-

able (Predicted group membership 72%) in comparison 
with other category of CGPA participants. Other cat-
egory of CGPA such as Good, Average and Outstand-
ing were discriminated by learning style preferences but 
the prediction percentage was very low. Kies argues that 
a student’s learning style contributes to their disparities 

Table 3 Tests of Equality representing Wilks’ Lamba for individual means of learning styles in CGPA and SDL

* statistically significant p<0.05

Learning styles Wilks’ Lambda F df1 df2 Sig

CGPA SDL CGPA SDL CGPA SDL CGPA SDL CGPA SDL

RO .948 .981 3.748 2.039 3 2 205 206 .012* .133

AC .975 .989 1.757 1.107 3 2 205 206 .157 .333

CE .882 .990 9.159 1.084 3 2 205 206 .000* .340

AE .956 .969 3.181 3.327 3 2 205 206 .025 .038

Table 4 Box’s statistics of learning styles in relation to CGPA and 
SDL

Box’s Test of equality Learning styles 
Vs CGPA

Learning styles Vs SDL

Box’s M 37.572 20.541

F Approx 1.207 .997

df1 30 20

df2 94,150.563 110,765.142

Sig .001 .000

Table 5 Fisher’s linear discriminant functions for CGPA and SDL based on learning styles

1,2,3,4 and 5  represents the ranking order of the values to be used in prediction of learning styles for each variable of CGPA and SDL

Learning styles CGPA SDL

Average Good Excellent Outstanding  < 1 h  > 2 but < 3 h  > 3 h

RO 2.2492 2.2172 2.5542 2.7772 1.9262 2.0212 2.2722

AC 1.3844 1.3883 1.4564 1.2254 1.4963 1.3373 1.4383

CE 1.4793 .9554 1.7223 1.2983 1.1554 1.0364 1.1285

AE 5.6881 6.0271 6.2701 6.3351 6.1071 5.8561 5.4991

(Constant) -20.26 -20.14 -24.42 -23.65 -21.52 -19.61 -20.14

Table 6 Classification results of CGPA for predicted group 
membership with learning styles as constraints

* statistically significant p<0.05

CGPA scores Predicted group membership (%) Total (%)

Average Good Excellent Outstanding

Average 23.1* 21.2 48.1 7.7 100

Good 28.6 33.3* 21.4 16.7 100

Excellent 7.4 11.8 72.1* 8.8 100

Outstanding 12.8 17.0 53.2 17.0* 100

Table 7 Classification results of SDL for predicted group 
membership with learning styles as constraints

* statistically significant p<0.05

SDL Predicted Group Membership (%) Total (%)

 < 1 h  > 2 but < 3 h  > 3 h

 < 1 h 22.4* 70.1 7.5 100

 > 2 but < 3 h 21.3 69.7* 9.0 100

 > 3 h 13.2 73.6 13.2* 100
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in performance [18]. Ghaffari et al. found no correlation 
between students’ learning styles and academic success 
in medical students, with accommodator and converger 
learning styles being the most favoured [19]. Accord-
ing to Torres Martinez et al., active and reflective learn-
ing styles help students develop the dental skills needed 
to face clinical scenarios, and students adapt to learning 
through various strategies and have the capacity to adapt 
to various situations, which facilitate learning in den-
tistry [20]. The reason for such variations in preferences 
of learning can be attributed to traditional and integrated 
curriculum within the dental colleges of Kingdom of 
Saudi Arabia [4, 21]. Students and interns in Saudi Arabia 
used the Kolb’s concept of diverging learning styles, with 
ALQahtani and AlGahtani finding this to be the most 
prevalent. They also found no link between learning style 
preferences and the cumulative gross point scale (CGPA) 
[21]. Integrated curriculum introduced in medicine 
field is well supported and accredited by international 
organizations [22, 23]. The integrated dentistry curricu-
lum offers the opportunity to organize information from 
many disciplines around a common subject, as well as to 
accommodate students of various learning styles. Den-
tistry program at College of Dentistry, Jouf University 
(KSA) is a five-year integrated dental program, in which 
the foundational knowledge is dealt largely in first two 
preclinical years whereas focusing on clinical skills and 
practice in the third, fourth & fifth years. Students are 
exposed to clinical experience at various points through-
out their education. Lectures, problem-based learning, 
case-based learning, small-group discussions, laboratory 
work, and clinical practice under supervision are various 
methods of delivering the curriculum. As a rule, assess-
ments are done in accordance with the instructional 
strategies, such as by using a written format and/or an 
objective structured practical/clinical examination/
assignment combination. Active, self-directed, and expe-
riential learning are all part of the curriculum’s goals.

Students have found that active learning helps them 
retain information, improves their interpersonal skills, 
develops their critical thinking, and keeps them moti-
vated to continue their education [24, 25]. Our findings 
showed that in the CGPA group most of the participants 
preferred AE and CE learning styles who chosen to learn 
by forming intellections, which are in consistent with the 
results of some studies conducted among dental, medical 
and nursing students which were predictable in biologi-
cal sciences [26–28].

In the current study participants with SDL hours (> 2 
but < 3 h) preferred AE method of learning style as wells 
as these (> 2 but < 3 h) discriminated the learning styles. 
These findings were in agreement with the study done 
on pediatric residents of medical institute who reported 

that the more advanced the residents were in their train-
ing, the more they used SDL resources [29]. According to 
Peng, a self-directed group (less than 30% didactics, open 
library access, self-study and group discussions) and a 
control group were randomly assigned to medical schools 
in China (didactics, limited library access). When it came 
to fundamental knowledge exams in Inorganic Chemis-
try, Biochemistry, and Microbiology, as well as applied 
knowledge in Human Anatomy and overall biochemical 
knowledge, students in the SDL group performed con-
siderably better than their peers [30, 31]. As documented 
by Abraham et  al., students in a self-directed course in 
physiology, which included presentations and group dis-
cussions led by medical students, scored considerably 
higher on exams during SDL sessions than they did dur-
ing lecture sessions [32]. One of the factor that supports 
our findings in the current study is related to key princi-
ples of SDL where in educator as a facilitator which is fol-
lowed in curriculum of our dental school. The facilitator 
identifies the learning needs and develops the objectives 
which is an integral component of SDL. According to 
Knowles, successful learning is more likely when learners 
clearly define their learning requirements and their needs 
are in harmony with social, organizational, or academic 
objectives [11]. There is really no high-quality data to 
establish the qualities of learners who are most suited for 
SDL. If you are an adult learner with a reservoir of infor-
mation and can apply what you’ve learned right away to 
your practice, this method may be more suited for you, 
according to Knowles and others [33].

Recently, many dental schools in Kingdom of Saudi 
Arabia have started integrated core syllabus in their den-
tal programs. For educators, not only using an opera-
tional, competent and suitable learning style for their 
country, but also knowing usefulness of learning style 
predictions in academic achievement and identifying the 
duration of self-directed learning amongst students are 
crucial features of a top-notch dentistry schooling sys-
tem. Current study is one of the first study that evaluates 
discrimination of CGPA and self-directed learning hours 
of the dental students in integrated dental curriculum 
by learning style preferences. Furthermore, one of the 
strengths of the study is that it explains the influence of 
various learning styles in CGPA and SDL hours of dental 
students, as major key points in designing the program 
outcome learning outcomes in an competency based 
dental curriculum.

Drawback of the study include that, due to the nature of 
convenience sampling the participants who participated 
in the study belong to a structured curriculum pattern 
with vertical integration which may not be representative 
of other traditional curriculum pattern; hence, the results 
cannot be generalized. Meanwhile, the KOLB inventory 
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learning styles were self-reported, which may have 
resulted in bias. Our study, like all others, has sparked 
new ideas for further investigation. These might include 
the following: Does learning styles should be taken in 
consideration in designing the teaching methodology of 
the course to be in concurrent with teaching and learn-
ing process. What is the trajectory of SDL in assessing 
the learning styles of dental students. And most impor-
tantly, how can educators promote importance of learn-
ing styles in designing an dental curriculum for future 
health professionals?

Conclusion
Learning styles can be used to discriminate the student 
academic performances with respect to CGPA scores 
and self-directed learning hours. Among the different 
category of CGPA, participants with outstanding per-
formance represent a good prediction for learning styles 
preferences. Participants with varying SDL hours also 
influenced the learning styles.
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