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Abstract:

BACKGROUND: Although digital learning devices have become increasingly more common in
medical education settings, it remains unclear how they influence medical student learning styles
and various outcome measures. This study aimed to assess student learning styles, specifically
as they relate to digital dependency, writing habits, and group learning practices among current
medical students.

MATERIALS AND METHODS: This questionnaire study was approved by the Research Ethics
Committee of Osaka Medical and Pharmaceutical University. We conducted a questionnaire survey
of 109 medical students who were 5" year students during the 2021 school year. Medical students
were asked about their level of digital dependency, writing by hand, and group learning practices.
We also analyzed the correlation between student learning styles and their respective outcomes on
several summative evaluations.

RESULTS: Of the 109 students targeted, we received responses from 62 (response rate, 56.8%).
Among the respondents, digital dependency was 83.4 + 18.6%, while hand writing ratio 39.8 + 29.9%
and group learning ratio 33.5 + 30.5%. We also assessed correlations between these learning styles
and scores on the CBT, OSCE, CC, and CC Integrative Test. Only writing by hand showed a small
positive correlation with CC Integrative Test scores.

CONCLUSION: Our questionnaire survey assessed the rates of digital dependency, writing by
hand, and group learning practices, and analyzed the correlations between these learning styles
and respective outcomes. Current medical students exhibited high digital dependency which was
not correlated with performance outcomes.

Keywords:

Achievement, learning, outcome

and health care.l"? Such technologies
can support clinical and administrative

Introduction

Digital transfer in the medical
environment refers to the application
of information and communication
technologies (ICTs) to support health
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processes, facilitate access to medical or
healthcare services, and enable patients
to monitor and manage their own
health.®# Examples include electronic
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medical records, videoconferencing technology, and
wearable devices such as mobile applications or
virtual/augmented reality.?!

Digital technology has also dramatically changed
learning in medical education systems worldwide.
Before the 2010s, writing by hand was the conventional
learning style in medical classrooms and for
self-learning. Conventional group learning remains
an important method for active learning in medical
education. While digital device learning is typically
an individual learning activity, group learning
can effectively facilitate active learning in medical
education.*”}

Currently, medical students tend to take notes, or
summarize various knowledge primarily via digital
devices, rather than writing by hand. While this shift
toward digital dependency is observed widely in most
medical schools, very few studies have explored how it
affects medical student learning style, competency, or
performance outcomes. Thus, learning style evaluation
in present medical student is warranted. Accordingly,
we performed a questionnaire survey to assess the
utility rates and attitudes toward digital dependency,
writing by hand, and group learning practices. We
then performed a correlation analysis between these
learning styles and performance outcomes on multiple
choice tests, Clinical Clerkship (CC) performance, and
the Objective Structured Clinical Examination (OSCE).

Materials and Methods

Study design and setting

We conducted a questionnaire survey to medical
students who were 5" year students during the 2021
school year. As is the case for most medical schools in
Japan, Osaka Medical and Pharmaceutical University
requires its students to take the CBT and OSCE midway
through their 4" year, before they enter into core CCs
in the 4™ and 5" years. The 5" year CC Integrative Test
was performed at the end of the 5" year [Figure 1].
After completing these common curricula, students take
the selective advance CC from the end of the 5" year,
completing it midway into the 6" year.

4 year [ Computer-based testing ] [

Pre-CC OSCE ]
(CBT)

(OSCE)

5th year { Core Clinical Clerkship (CC): 44 weeks }

[ Summative Examination in 5t year (CC Integrative Test) ]

Questionnaire survey

Figure 1: Curriculum timeline for the CBT, OSCE, CC, and CC Integrative test

CBT content

The Common Achievement Test Organization (CATO),
established as a third party in 2005, introduced the
CBT to evaluate basic medical knowledge before
the CC in Japan.®®! The CBT consists of 320 multiple
choice questions about basic clinical knowledge which
are answered over the course of six hours. The CBT
covers clinical disciplines and relevant basic medical
knowledge."!

Pre-CC OSCE content and evaluation

In 2005, the CATO also introduced the Pre-CC OSCE to
evaluate basic medical knowledge. The Pre-CC OSCE
evaluates different aspects of student clinical competency
for items such as the medical interview, head and neck
examination, chest examination, abdominal examination,
neurological examination, emergency response, and basic
clinical technique. The Pre-CC OSCE s carried out at seven
stations; one station (the medical interview) is 10 minutes
long, while the remaining six (physical examinations
and basic skills) are five minutes each."”! During their
allotted time at each station (five or 10 minutes), students
perform core clinical skills such as the medical interview
and physical examination. Scores for each component
of the Pre-CC OSCE are calculated as the average of the
scores given by two examiners. Examiners evaluate the
communication, medical safety, and consultation skills
on a checklist. Each student visits each of the seven skill
stations, and their total score is calculated as the average
of the seven skills. Student identity is strictly monitored
through validation of examinee name and ID number.
Examiners from other universities are routinely invited
to validate internal evaluations for the OSCE.

Core CC content

Medical students participate in a core CC during their
4-5" years. For the core CC, students participate in CCs
of all clinical departments of the hospital over the course
of 44 weeks. Core CCs recommend medical students to
participate as members of a medical team to perform
actual medical procedures with supervising doctors. The
range of medical procedures that can be performed by
students is defined and carried out under the supervision
of an instructing doctor.!"**2!

Supervising doctors of each department evaluate
the clinical skills of students utilizing an evaluation
sheet based on the Direct Observation of Procedural
Skills (DOPS) and mini-CEX.["*'4 Evaluations are based
on three essential components: a 5-point evaluation
sheet (80%), subjective evaluation by the organizer (10%),
and a written report (10%).

After scores for each CC are collected, an average score
is calculated. All medical students are required to
participate in the core CC.
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5" Year integrative test (CC Integrative Test)

The 5™ year integrative test is performed after the core CC
and takes approximately seven hours to complete. This
scantron test consists of multiple (five) choice questions
and extended matching items, and students are required
to answer 244 questions related to clinical knowledge.

Study participants and sampling

We evaluated 109 students of Osaka Medical and
Pharmaceutical University who were 5" year medical
students in 2021 academic year. Our study population
included no minors, as all 5" year medical students in
Japan are aged >22 years.

Data collection tool and technique

The content of our web-based questionnaire survey is
shown in Table 1. Medical students responded with the
percentage of their learning time spent in the various
formats (Q1-Q3) Questionnaire contents were evaluated
by three medical education professionals and a pilot test
was performed by seven medical clerks in our center.
The total time required to answer all questions was
roughly five minutes per individual. The survey was
administered in on the morning of April 1, 2022.

Ethical consideration

This study was approved by the Research Ethics
Committee of Osaka Medical and Pharmaceutical
University (No. 2021-135). Participation in the
questionnaire was entirely voluntary and did notinfluence
any student performance outcomes. Respondents were
informed of the nature and purpose of the questionnaire
and that their anonymity was guaranteed. Students were
also informed that they were free to withdraw from the
study if they notified the investigator via the university
E-mail for about 1 month. Electronic data on student
performance were collected from our university records.

Data analysis

Statistical analysis was performed using JMP® 11 (SAS
Institute Inc., Cary, NC, USA). Data are presented as
mean + SD. Results were compared using Pearson’s
correlation test.['™

Results

Of the 109 5" year medical students asked to complete
the survey, 62 submitted responses (response rate,
56.9%). None of the students asked for their data to be
excluded from the analysis during the opt-out period.
Achievement scores for the CBT, OSCE, CC, and CC
Integrative Test are shown in Table 2.

Percentages of time spent in digital learning, writing by
hand, and group learning are shown in Figure 2. Digital
dependency percentage was 83.4 + 18.6%, while that for
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writing by hand was 39.8 + 29.9% and group learning
33.5 + 30.5%.

We also assessed the correlation between these learning
styles and scores for the CBT, OSCE, CC, and CC
Integrative Test [Table 3a-c]. Only writing by hand
showed a small positive correlation with scores of the
CC Integrative Test.

Discussion

The digital age has brought about numerous changes
in various aspects of both clinical and basic medicine as
a byproduct of progress in ICT technology, including
data science, and artificial intelligence technology.['*']
The COVID-19 pandemic dramatically accelerated this
trend toward digitalization in medical education through
the introduction of remote classes and training.!s! We
medical educators are now concerned that some students
might try to acquire various medical competencies solely
through digital learning devices,**" avoiding altogether
the use of conventional writing devices such as pencils or
notebooks. Our fear is that this one-directional learning
using digital devices will not facilitate active learning
in students, who must acquire a deep understanding of
clinical medicine.

Digital learning devices facilitate the acquisition of
clinical skills by providing large amounts of image-based
information. However, even when attaining clinical

Table 1: Questions related to digital dependency or
learning habits

Q1 How much do you use ICT devices to study?
Q2 How much do you write by hand to study?
Q3 How much time do you spend in group learning?

Table 2: Student scores (%) for the OSCE, CBT,

Clinical Clerkship, and CC Integrative Test (n=62)
OSCE CBT Clinical Clerkship CC Integrative Test

Average 84.6 526.6 77.5 72.5

SD 6.2 68.9 2.7 6.7

Table 3: Correlation analysis of medical students’
learning style and student performance outcomes on
the OSCE, CBT, Clinical Clerkship, and CC Integrative
Test

OSCE CBT Clinical Clerkship  CC Integrative Test

(a) Correlation between ICT device dependency and student
performance outcomes.

r -0.107  -0.100 0.123 -0.088
(b) Correlation between writing by hand and student performance
outcomes.
r 0.174  0.193 0.139 0.202
(c) Correlation between group learning and student performance
outcomes.
r -0.057 0.074 -0.006 0.145
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Figure 2: Box-and-whisker plots (median, IQR, and range) for the percentages
of time spent learning using digital devices, writing by hand, and group learning
among 5th year medical students in Japan

skills, students need to perform some active learning such
as simulation training to acquire relevant competencies.

The present study found that the average digital device
dependency in medical students is 80%, with only 40%
accounting for writing by hand, revealing some inherent
tendencies of medical students of the current era. First,
digital dependency is extremely high in these medical
students. Second, some medical students learn using
both ICT devices and writing by hand simultaneously.
Notably, high digital dependency may be associated
with low group learning tendencies. With regard to any
correlations with performance outcomes, only writing
by hand showed a small correlation with scores on the
5t year integrative test. As this test is a multiple choice test
and includes complex information, those who write by
hand may have benefited from increased active learning.

New educational technologies will always influence
existing human competencies in various ways.?"#!
Accordingly, we should be aware of the inherent risks
of using digital devices in medical education.” Some
studies have found that excessive use of digital devices
can give rise to depressive symptoms, sleep disorders,
or learning disabilities.***! As the medical students
evaluated in the present study were likely to have
studied primarily by writing by hand through high
school, this drastic change in learning style in medical
school could create some confusion. Medical school
instructors should be cognizant of these learning style
changes or gaps in learners and instruct accordingly.
Furthermore, we should evaluate active learning skills in
our students particularly during this developing digital
era, striving to find appropriate ways to maximize the
benefits and minimize the drawbacks of using digital
devices to study medicine.

Limitation and recommendation
This study has several limitations worth noting. First,

4

while the outcome measure was a summative evaluation
of core CC performance, it is worth mentioning that
medical students rotate through numerous subject
areas and are assessed on a wide variety of skills.[?]
Second, we did not include question regarding reading
books. As reading a paper book or dictionary is a
classical method of study, it is warranted to evaluate the
proportion of digital and paper ones in the future study.
Third, the response rate among our study population
was 56.8%; receiving responses from non-respondents
could have impacted our final results. Finally, as the
data came from a single institution and relatively low
small samples, our findings may not be generalizable
to other medical schools.””! However, we believe our
results are fairly representative of students at most other
Japanese medical schools as they all follow the main
core curriculum provided by the Ministry of Education.
In the future study, multi-medical college analysis
including postgraduate clinical performance and their
relationships with undergraduate factors is warranted.

Conclusions

We conducted a questionnaire survey to understand
percentage of time spent in learning using digital
devices, writing by hand, and group learning among
medical students. We also assessed the correlation
between these percentages and performance outcomes
including multiple choice tests, CC performance,
and the OSCE. Only writing by hand showed a small
correlation with scores on the 5" year integrative test,
with no other learning style showing any significant
correlation with summative test scores. Those instructing
medical students in the current era should be aware of
the strong digital dependency of these students, while
also noting that this dependency does not correlate with
performance outcomes.
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