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ABSTRACT

Objective: The assimilating and converging Kolb learning style were reported to have positive correlation with
critical thinking ability in Orthopedic resident. However, the relationship between Kolb learning styles and academic
performance remained controversy. The objective of this study is to report the relationship between Kolb learning
style and academic performance in Orthopedic residents.

Materials and Methods: The causal comparative cross-sectional study on 48 Orthopedic residents of academic
year 2020 was conducted. The demographic characteristics of the participants were reviewed. The scores from the
multiple choices question (MCQ) in-training examination, the objective structured clinical examination (OSCE)
and the global performance rating scale were collected to represent academic performances of each Miller’s pyramid
of assessment level. The Kolb learning style inventory were allocated. The statistical analysis was performed and
p < 0.05 was considered statistically significant difference.

Results: The response rate was 100%. There was no statistically significant difference of MCQ in-training examination,
OSCE and global performance rating scale among each learning style as p=0.789, 0.493 and 0.407, respectively. The
assimilating and converging styles were the 2 learning styles which had the academic performance scores above
the average scores in all assessments.

Conclusion: This study could not demonstrate the significant difference of academic performances among Kolb
learning style in Orthopedic residents. However, the assimilating and converging style had the consistent scores
above average scores in all domains. The Orthopedic learning experience should focus on the development of
reflective observation, abstract conceptualization and active experimentation to facilitate effective improvement
in academic performance of the residents.

Keywords: Kolb learning styles; Orthopedic residents; academic performance (Siriraj Med J 2023; 75: 350-355)

INTRODUCTION

Orthopedic resident training requires the development
of knowledge, skill and attitude in the limited 4-year
time frame.' Effective experiential learning principle
has been proved as an important learning process to
enhance the competency development and improve critical

thinking skill in Orthopedic resident.” The commonly
used experiential learning in Orthopedic training is “Kolb
learning cycle” which is compose of 4 sequential learning
processes as concrete experience, reflective observation,
abstract conceptualization and active experimentation
(Fig 1).>°
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According to the “Kolb learning cycle”, the
learners could be divided into 4 different “Kolb learning
styles” depended on the 2 commonly used learning
processes as diverging (concrete experience-reflective
observation), assimilating (reflective observation-abstract
conceptualization), converging (abstract conceptualization-
active experimentation), and accommodating (active
experimentation-concrete experience).’ Previous studies
found that the 2 commonest Kolb learning styles in
Orthopedic residents were mixed between converging (25.0%
- 53.5%), assimilating (9.9% - 37.5 %) and accommodating
(18.3% - 22.9%)."” And, converging and assimilating was
associated with good critical thinking ability as these 2
learning styles used abstract conceptualization as an
important process of deep learning strategy.” Despite
those mentioned studies, none had demonstrated the
significant relationship between the Kolb learning styles
and academic performance in Orthopedic resident.

The objective of this study is to find out the relationship
between Kolb learning style and academic performance
in Orthopedic resident. The hypothesis in this study is
converging and assimilating style which has positive
relationship with critical thinking ability’ will have positive
relationship with the good academic performance.

MATERIALS AND METHODS

The design of this study was causal comparative
cross-sectional study. The study was conducted under
the approval of the institutional review board (COA no.
§1010/2021). The Orthopedic residents during academic
year 2020 of single institute were included. And, the
resident who did not desire to reveal the demographic or
educational data as well as unwilled to do the questionnaire
was excluded. Finally, there were 48 participants enrolled
in this study without excluded sample.

The demographic profile of the participants were
reviewed which included sex, age, the graduated medical
school and the grade point average of graduated medicine
degree. The 5-level Likert scale type native language
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Fig 1. The Kolb experiential learning
cycle which was composed of 4
sequential learning steps as concrete
experience, reflective observation,
abstract conceptualization and active
experimentation.

Kolb learning style inventory version 3.1 which was
consisted of 48 learning habit phrases representing 4
different Kolb learning processes (concrete experience,
reflective observation, abstract conceptualization and
active experimentation) were allocated to participants
to evaluate the Kolb learning style individually.® The
consideration of Kolb learning style was categorized
using cartesian graph by calculating of the score of
concrete experience minus abstract conceptualization
and reflective observation minus active experimentation
(Fig 2). The content validity and internal consistency
reliability of this questionnaire was acceptable with the
Cronbach alpha co-efficient of 0.93.°” The questionnaires
were collected and analyzed by one well-trained author
at the mid-academic year.

Y axis = CE-AC

Accommodating Diverging

X axis = RO-AE

Converging Assimilating

Fig 2. The Kolb learning style categorization was based on the
calculation using cartesian graph. The vertical line (y axis) was the
absolute score of concrete experience minus to abstract conceptualization
(CE - AC). The horizontal line (x axis) was the absolute score of
reflective observation minus active experimentation (RO - AE). The
final plot on the graph was the individual learning style.
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The academic performance assessments in this study
included variety of levels according to Miller’s pyramid of
assessment. For the level of “knows” and “knows how”, the
academic performance was represented by the multiple
choices question (MCQ) in-training examination. The
test was composed of 100 MCQs included all Orthopedic
subspecialties and basic science knowledge. The score was
ranged from 0 to 100. For the level of “shows how”, the
objective structural clinical examination (OSCE) score
was reviewed. The test included 9 stations (1 station
per 1 sub-specialty) and the score was ranged from 0 to
100 on each test. So, the total score of OSCE was 900.
And, for the level of “does”, the global performance
rating scale of the rotation along the whole academic
year included 12 rotations (1 rotation per month) was
examined. The score was ranged from 0 to 28. The scoring
system was a 5-level Likert scale included 7 domains as
moral-ethics, knowledge, psychomotor, intelligence,
interpersonal, communication and responsibility skills.
The MCQ in-training examination and OSCE were held
at the 11-month of the academic year. All participants in
every resident year did the same tests. While, the score
of the global performance rating scale was reviewed at
the first month of new academic year after all residents
finished their all 12 rotations. The score reviews were
performed altogether by two authors.

Statistical analysis

The statistical analysis was done using IBM SPSS
Statistics for Windows 21.0 (IBM Corp, Armonk, NY).
The categorical data was presented as number, percentage
and ratio. The Shapiro-Wilk test was used to evaluate

the normality of the interval data. Mean and standard
deviation (SD) was presented for normal distributed data.
And, median and interquartile range (IQR) was presented
for non-normal distributed data. The comparison of
interval data was done using Analysis of the Variance
(ANOVA) and Kruskal-Wallis H test depended on the
data distribution. The statistically significant difference
was considered as p < 0.05.

RESULTS

The response rate of the questionnaires was 100 %.
The mean (SD) age of the participants was 30.4 (1.36)
years old. There were 44 men (91.7 %) and 4 women
(8.3 %). The mean (SD) GPA of medicine degree was
3.27 (0.33). The Kolb learning styles in Orthopedic
residents included 18 assimilating (37.5 %), 12 converging
(25.0 %), 11 accommodating (22.9 %) and 7 diverging
(14.6 %). There was no statistically significant difference
of learning styles among each resident year, p = 0.810.
(Table 1)

The comparative analysis of the academic performance
scores demonstrated no statistically significant difference
of MCQ in-training examination, OSCE and global
performance rating scores among each Kolb learning
style as p=0.789, 0.493 and 0.409, respectively. However,
it was shown that assimilating and converging styles
had the mean academic scores above the total average
scores for all 3 assessments. While, the diverging styles
had the mean score above the average score only in
global performance rating score. The accommodating
style had the mean score below the average score for all
examinations (Table 2, 3 and 4).

TABLE 1. The distribution of Kolb learning styles in Orthopedic residents.

Resident training year Diverging
Fourth (12) 3 (25.0%)
Third (12) 2 (16.7%)
Second (12) 0 (0.0 %)
First (12) 2 (16.7%)
Total (48) 7 (14.6%)

Assimilating Converging Accommodating
5 (41.7%) 2 (16.7%) 2 (16.7%)
5 (41.7%) 2 (16.7%) 3 (25.0%)
4 (33.3%) 4 (33.3%) 4 (33.3%)
4 (33.3%) 4 (33.3%) 2 (16.7%)

18 (37.5 %) 12 (25.0%) 11 (22.9%)

* chi-square demonstrated no statistically significant difference of learning style in each training year as p=0.810.
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TABLE 2. The relationship of Kolb learning styles and the multiple choices question (MCQ) in-training examination
scores (n = 48).

Kolb learning styles MCAQ in-training examination scores
Mean (SD)

Diverging (7) 56.3 (5.38)

Assimilating (18) 58.6 (9.38)

Converging (12) 57.4 (12.3)

Accommodating (11) 54.8 (9.54)

Total (48) 57.1 (9.61)

* One way ANOVA demonstrated no statistically significant difference of scores among each learning style as p=0.789.

TABLE 3. The relationship of Kolb learning styles and the objective structural clinical examination (OSCE) scores
(n =48).

Kolb learning styles OSCE scores
Mean (SD)
Diverging (7) 604.4 (62.2)
Assimilating (18) 639.6 (72.7)
Converging (12) 650.6 (79.2)
Accommodating (11) 612.8 (79.2)
Total (48) 631.1 (76.7)

* One way ANOVA demonstrated no statistically significant difference of scores among each learning style as p=0.493.

TABLE 4. The relationship of Kolb learning styles and the global performance rating scores (n = 48).

Kolb learning styles Global performance rating scores
Mean (SD)

Diverging (7) 24.7 (0.84)

Assimilating (18) 23.9 (1.81)

Converging (12) 24.0 (1.39)

Accommodating (11) 23.4 (2.05)

Total (48) 23.8 (1.67)

* One way ANOVA demonstrated no statistically significant difference of scores among each learning style as p=0.407.
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DISCUSSION

According to the result of this study, there was no
statistically significant difference of academic performance
scores regarding to Kolb learning styles. As a result, the
hypothesis of this study was rejected. However, there
was an interesting finding that the assimilating and
converging style had the mean academic performance
scores above the average scores for all assessments.

The assimilating and converging style shared the similar
concept of experiential learning as the using of “abstract
conceptualization” for the gathering experiences."”” The
learning characteristics of these 2 learning styles could
be defined as “deep learning strategy”.*” Deep learning
strategy involved the effective learning processes as using
intrinsic motivation, apparent understanding of the
meaning of what was learnt, connecting the new to prior
knowledge (constructivism) and critically evaluating of
knowledge.® And, this learning strategy had been reported
to be associated with good academic achievement.* "’
Apart from “abstract conceptualization, these 2 learning
styles also used “reflective observation” and “active
experimentation” for the learning.

In the educational context application, the learning
processes regarding to these 2 learning styles as reflective
observation, abstract conceptualization and active
experimentation should be promoted. The Kolb learning
style in individual learner could be adapted regarding to
the maturity and learning experience.'’ Effective reflective
observation and abstract conceptualization could be
utilized by encouraging a “reflection” process for all
available Orthopedic learning experiences. A reflection
is “a complex and deliberate process of thinking about
and interpreting experience in order to learn from it”.
This learning tool could enhance deep integrated and
lifelong learning to the learner.'*"” A reflection could be
divided into 3 different levels of complexity as descriptive,
practical and critical reflection. A critical reflection
was emphasized as the most beneficial type.'”'* The
important factors which could promote the effective
reflection of the learners were suitable available time and
environment.'” " The instructor should plan the strategy
which could provide available time for the Orthopedic
residents to do reflection. This included the effective
time management that was preserved for doing this
learning process or using the assisting learning tools
which allowed the learners to do the reflection at the
suitable time such as e-learning or e-portfolio especially
in the high service workload situation."*"

Supporting the active experimentation in Orthopedic
learning experience could be managed in various ways.
The introduction of simulation for development of the

skill domain played an important role. The Orthopedic
residents would be able to enhance their experiential
learning gradually. The simulation allowed the residents
to repeat their skill practice with safety environment.'*"”
Julthongpipat et al. studied the development of simulation
model for transradial catheterization practice in 18 fellows.
The results demonstrated that the fellows satisfied with
the simulation model and this training method provided
the benefit as increasing familiarity and confidence to
their practice.”” Many studies in the orthopedic field
supported the benefit of using simulation in orthopedic
learning experience. Angelo et al. reported the traditional
learning combined with supportive simulation training and
progressive assessment provided statistically significant
better learning outcome compared with the traditional
learning alone (p=0.011) for the arthroscopic shoulder
joint surgery practicing in 44 orthopaedic residents."” Yari
SS et al reported the statistically significant improvement
of performance score (p=0.003 and 0.035) using virtual
simulator for the teaching of knee and shoulder arthroscopy
in 18 Orthopaedic residents.'

Apart from the simulation, formative real-time
and authentic assessment could also support active
experimentation experiences in orthopedic residents.
One effective assessment tool which could be done for
this purpose was an “entrustable professional activities”
(EPAs). EPAs had become one of favorable assessment
tool in the Orthopedic field.” Dwyer T et al. demonstrated
that using EPAs combined with simulation training as a
reliable assessment tool to assess the residents’ cognitive and
psychomotor competencies for the management of patient
undergoing surgery for ankle fracture, intertrochanteric
fracture and total knee arthroplasty.”’ The strength of EPAs
was about the ability to do the assessment formatively
which allowed the residents to gradually develop themselves
along with the target each upgoing year.”>*’

This study provided the new in-depth analysis in
term of the relationship between Kolb learning styles
and academic performance in every level of Miller’s
pyramid of assessment. Even though, this research could
not demonstrate the statistically significant positive-
negative relationship between learning style and academic
performance. However, the finding that the assimilating
and converging learners had academic performance scores
above the average scores in all domains could bring the
attention to the instructors to facilitate Orthopedic learning
experiences involving in effective reflective observation,
abstract conceptualization and active experimentation.
The limitations of this study included the sample size
from the single training center which posed the problem
of external validity and the small sample size which led to
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statistical underpower in some aspects. We recommended
research as a multi-center study involving more numbers
of samples which might bring more significant finding
in the future.

CONCLUSION

This study could not demonstrate the significant
difference of academic performance among each Kolb
learning style in Orthopedic residents. However, the
assimilating and converging style had the consistent
scores of all academic performance domains above the
average scores. In term of application, the Orthopedic
learning experience should emphasize on the development
of reflective observation, abstract conceptualization and
active experimentation to facilitate effective Orthopedic
competency development and improving academic
performance.
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