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Abstract
Background Competency in the use of information science and technology (IST) is essential for medical students. 
This study identified learning objectives and competencies that correspond with low self-assessment related to use of 
IST and factors that improve such self-assessment among medical students.

Methods A questionnaire was administered to sixth-year medical students across 82 medical schools in Japan 
between November 2022 and February 2023.

Results Three learning objectives were identified as difficult for the students to achieve: (1) provide an overview 
of the regulations, laws, and guidelines related to IST in medicine; (2) discuss ethical issues, such as social disparities 
caused by the digital divide that may arise in the use of IST in medicine; and (3) understand IST related to medical 
care. Further, problem-based learning, engaging with IST beyond class, and learning approach impacted the students’ 
acquisition of competencies related to IST. Furthermore, it was recognized that the competencies required by medical 
students may change over the course of an updated medical school curriculum.

Conclusions It is important for medical students to recognize the significance of learning, establishing active 
learning methods, and gaining experience in practically applying these competencies.
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Background
With the development of information science and tech-
nology (IST), digital health has begun to play an impor-
tant role in clinical practice [1]. The World Health 
Organization (WHO) has proposed digital health as 
an umbrella term that broadly defines the use of digital 
technology in health care [1]. The spread of coronavirus 
disease (COVID-19) has highlighted the importance of 
telemedicine, indicating its significance in digital health 
[2]. As IST is expected to continue to develop in the 
future, digital health will play an even greater role [3], 
and this will require health professionals to adapt to it 
[4–7].

It has been reported that physician competencies 
regarding eHealth and telemedicine include the appropri-
ate use of IST based on the understanding of its benefits 
and risks, access and equity in digital technology, prac-
tice of patient care using IST, and ethical considerations 
[8, 9]. However, in a recent study on the development of 
digital health competencies, first- to seventh-year Euro-
pean medical students (N = 451) self-assessed competen-
cies such as remote patient monitoring systems and the 
application of AI in radiology as low or very low [10]. 
Although many current medical students are digital 
natives, they lack the knowledge and skills required to 
utilize IST in the context of medicine [10–12].

Consequently, recent studies have highlighted the 
importance for medical students to acquire the com-
petencies necessary to use IST related to digital health 
[11–13]. Competencies necessary to use IST in medicine 
and learning objectives related to the confidentiality of 
medical information have been included in pregraduate 
education in the United States, the Netherlands, Canada, 
the United Kingdom, and Singapore [14–18]. Addition-
ally, it was recently reported that medical students’ digital 
health literacy includes skills for using electronic health 
records and digital ethical attitudes as well as knowledge 
of the advantages and disadvantages of telemedicine and 
medicine using advanced technologies [13]. In Japan, 
learning objectives related to the use of IST are described 
as competencies in the Model Core Curriculum for 
Medical Education (MCC)—an official guide for under-
graduate education [19]. In the 2017 revision, only the 
operation of electronic health records and protection of 
patients’ electronic personal data were listed as subcom-
petencies [20]. In the 2022 revision, the use of IST was 
listed as one of the 10 core competencies, along with a 
variety of additional subcompetencies, such as the under-
standing of ethics and the basic principles of IST applied 
to medical research and medical care.

Currently, medical education in Japan focuses on the 
operation of electronic medical records and the protec-
tion of personal information [21, 22], while the other 
aspects of IST literacy education remain ambiguous. In 

addition, information is lacking on how students who 
have studied under the current curriculum self-assess 
their competencies to use IST, and what factors enhance 
their self-assessed competencies.

Therefore, we conducted a questionnaire survey among 
sixth-year medical students in Japan who were studying 
how to operate electronic medical records and protect 
patients’ medical information in the current Japanese 
curriculum. Further, we identified the factors related to 
self-assessment regarding the acquisition of competen-
cies necessary to use IST. We addressed the following 
research questions:

Research Question 1: How do Japanese medical stu-
dents under the current curriculum self-assess the acqui-
sition of the competencies required to use IST?

Research Question 2: What factors are related to 
improvement in the self-assessment of the competencies 
that are graded as low?

Through this assessment, we expect to provide essen-
tial data for future medical curriculum management.

Methods
Study design
We conducted a questionnaire-based study.

Study setting and participants
We conducted the survey from November 1, 2022 to 
February 28, 2023 among final year (sixth year) medical 
students at 82 medical schools in Japan. After graduating 
from high school, Japanese medical students enter medi-
cal school following completion of courses in English, 
mathematics, natural sciences, and social studies, but 
not in informatics. In medical school, students generally 
complete a six-year curriculum, with most completing 
it by November of their final year, after which, there is a 
period focused on preparation for the national medical 
examination. Given this background, we determined that 
this was the appropriate time to survey the acquisition of 
these competencies in Japan’s current medical curricula.

We used G*Power 3.1.9.6 [23] to determine the sample 
size, assuming a moderate effect size (f = 0.15) based on 
Cohen [24]. Our sample included 143 students (5% signif-
icance level), 80% power, and 16 independent variables.

Measures
We consulted the learning objectives described as com-
petencies in the MCC 2022 Revision to prepare the items 
for assessing medical students’ competencies necessary 
for using IST.

The MCC follows the concept of outcome-based edu-
cation and identifies practical competencies that students 
should acquire and master by the time they graduate. The 
learning objectives are divided into four tiers: the first tier 
outlines the overview and objectives of the competencies; 



Page 3 of 10Ota et al. BMC Medical Education          (2024) 24:840 

the second tier describes the components of each compe-
tency; the third tier, specific competencies are expressed 
by nouns (e.g. Knowledge of advanced IST); and the 
fourth tier describes the actions that learners can take 
and the expected outcomes. The first tier of information 
technology includes one item indicating IST, the second 
tier includes four, the third includes six, and the fourth 
includes 13. This curriculum is updated every three to 
five years after a review by medical education experts. 
Participants’ responses regarding the 13 items examin-
ing the learning objectives in the fourth tier (indicated by 
specific behaviors) were rated on a 4-point Likert scale 
(1 = not able, 2 = not very able, 3 = somewhat able, and 
4 = able). Further, we assessed the presence or absence of 
information technology classes at medical schools using 
the Tier 3 learning objective categories to broadly cap-
ture the implementation of the classes at each university 
(0 = none, 1 = yes).

We used Microsoft Forms to create a questionnaire 
comprising three sections. The first section contained 
questions on sociodemographic data, such as medical 
students’ age, gender, type of institution (medical uni-
versity or medical school of a general university), and 
whether they have had any work experience with IST. 
The second section asked about the students’ learning 
experiences before and after entering medical school, 
including whether they had learned about IST inside or 
outside school, when they first used IST inside or outside 
school, and whether they had experiences in problem-
solving classes. The final section inquired about medi-
cal students’ competencies necessary to use IST. Table 1 
outlines the relevance between the four-tier subcompe-
tencies in the MCC and the question items in the present 
study.

Table 1 Correlation between MCC Four-Tier subcompetencies and Study question items
Subcompetencies in Information Technology (IT) Question 

items for 
the cur-
rent study

IT-01: Ethics and rules for dealing with information science and technology
IT-01-01: Preparation for dealing with information science and technology
IT-01-01-01 Understand the importance and social significance of using information science and technology in medicine. Q1
IT-01-01-02 Understand an overview of the regulations, laws, and guidelines related to information science and technology 

in medicine.
Q2

IT-01-01-03 Discuss ethical issues, such as social disparities caused by the digital divide, that may arise in the use of informa-
tion science and technology in medicine.

Q3

IT-01-02: Ethics and rules for using information science and technology
IT-01-02-01 Understand the principles of medical data management and storage, including electronic medical records, and 

comply with relevant regulations, laws, ethical standards, and provisions for protecting personal information.
Q4

IT-01-02-02 Understand and practice appropriate use of social media as a healthcare professional. Q5
IT-02: Principles of information science and technology necessary for medical care and surrounding society
IT-02-01: Medical care using information science and technology
IT-02-01-01 Use digital devices, such as PCs and smartphones, to make use of information science technology, such as the 

internet and apps, in medical practice.
Q6

IT-02-01-02 Solve problems using the information and data collected using information science and technology. Q7
IT-02-02: Knowledge of advanced information science and technology
IT-02-02-01 Understand information science and technology related to medical care (medical information systems, wear-

able devices, applications, artificial intelligence, telemedicine technology, and the Internet of Things [IoT]) and 
discuss their potential applications.

Q8

IT-02-02-02 Understand the role required of medical professionals when applying information science and technology to 
medical care by working together with relevant specialists.

Q9

IT-03: Application of information science and technology in clinical practice
IT-03-01: Communication skills using information science and technology
IT-03-01-01 Demonstrate effective documentation and use of features unique to electronic medical records. Q10
IT-03-01-02 Understand the pros and cons of remote communications, and select and use appropriate tools (e-mail, video 

conference systems, and social media) according to the intended purpose.
Q11

IT-03-02: Learning skills using information science and technology
IT-03-02-01 Use appropriate digital devices and applications (e-learning, mobile technology, etc.) for self-learning and 

cooperative learning.
Q12

IT-03-02-02 Develop flexibility in using new information science and technology in one’s own learning and medical practice. Q13
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Data collection
After obtaining permission from the 82 medical schools 
in Japan, we recruited participants for the survey. We 
mailed information about the study, along with a survey 
form to the schools. The faculty of each school distrib-
uted this information to sixth-year medical students. The 
students received a detailed research description that 
explained the purpose and significance of the study, out-
lined the survey items, and emphasized that participation 
was anonymous and voluntary.

Data analysis
For the items on competencies necessary to use IST 
based on the fourth tier learning objectives, we examined 
the means and standard deviations, medians and inter-
quartile ranges. Further, we used Cronbach’s alpha to 
assess internal consistency—an alpha coefficient of 0.7 or 
more indicating a sufficient level of consistency [25].

To examine the factors that improve the self-assess-
ment of the fourth tier learning objectives, we conducted 
a logistic regression analysis in which self-assessment was 
divided into two values: “able/somewhat able” and “not 
able/not very able.” To examine the factors that improve 
the low self-assessment of competencies, the learning 
objectives of the fourth tier that had a higher percentage 
of “not able” and “not very able” were used as the depen-
dent variables in the logistic regression analysis. We 
chose factors that were associated with self-assessment in 
the univariate analysis as the independent variables (with 
a criterion of p < 0.25) [26].

In this study, we considered p < 0.05 as statistically sig-
nificant, and performed all statistical analyses using EZR. 
We used the graphical user interface of R (The R Founda-
tion for Statistical Computing, Vienna, Austria; Saitama 
Medical Center, Jichi Medical University, Saitama, Japan) 
to perform the analyses [27]. A medical statistician (MM) 
validated all the statistical analyses.

Ethical consideration
The study description stated that participation was vol-
untary and would not affect the students’ grades. Medi-
cal students who agreed to participate accessed the 
questionnaire.

The study was approved by the Ethics Review Commit-
tee of Jichi Medical University School of Medicine (refer-
ence number: 22–097).

Results
Demographic characteristics and pre- and post-medical 
school learning experiences
The 824 participants who agreed to participate in the 
study provided valid responses with no missing values 
for any questionnaire items. Of the participants, 63.7%, 
35.2%, and 1.1% were male, female, and others, respec-
tively. The median age was 25 years (IQR: 24–26). Of the 
participants, 50.9% were affiliated with a medical univer-
sity. A total of 2.63% of participants had work experience 
in IST prior to medical school. Furthermore, 55.7% had 
learned IST in the classroom, and 23.7% had learned it 
outside the classroom before entering medical school. 
Participants who had started using IST in the classroom 
while they were in elementary school were the highest 
percentage (39.2%). In contrast, 44.5% of the respon-
dents started using IST for self-study after entering medi-
cal school. In addition, 52.7% of the students attended 
problem-solving classes before entering medical school. 
Table 2 presents the percentage of students who attended 
classes on IST after entering medical school.

Self-assessment of competencies required to use IST
To determine the reliability of the overall competencies 
required to use IST, we checked the correlation matrix 
among the items and calculated Cronbach’s alpha. None 
of the items had a correlation coefficient lower than 0.4 
(Appendix 1). The Cronbach’s alpha coefficient for the 
overall competencies was 0.853, and no item (Appendix 
2) had a Cronbach’s alpha coefficient lower than 0.9.

Table  3 presents the results of the self-assessment of 
competencies mentioned under the fourth tier learn-
ing objectives. The mean scores for IT-01-02-01 and 
IT-01-02-02 were the highest at 3.50 and 3.37 (SD 0.82 
and 0.69). In contrast, more than 30% of the students 
answered “not able or not very able” on three items (IT-
01-01-02, IT-01-01-03, and IT-02-02-01).

Table 2 Attendance rate for Information Science and Technology Classes among Medical School entrants
Experience taking classes N(%) Yes No
IT-01-01: Preparation for dealing with information, science, and technology 519 (62.99) 305 (37.01)
IT-01-02: Ethics and rules for using information science and technology 640 (77.67) 184 (22.33)
IT-02-01: Medical care using information science and technology 588 (71.36) 236 (28.64)
IT-02-02: Knowledge of advanced information science and technology 448 (54.37) 376 (45.63)
IT-03-01: Communication skills using information science and technology 481 (58.37) 343 (41.63)
IT-03-02: Learning skills using information science and technology 486 (58.98) 338 (41.02)
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Relevant factors affecting the learning objectives related 
to competencies self-assessed as low
We conducted a logistic regression analysis using the 
self-assessments of IT-01-01-02, IT-01-01-03, and IT-02-
02-01 as dependent variables (Table 4). We did not con-
sider gender with a variance inflation factor value greater 
than 2 as an independent variable because of multicol-
linearity (Appendix 3).

In the model that examined IT-01-01-02, the experi-
ence of taking classes IT-03-01 and IT-03-02, as well as 
problem-solving classes, was statistically significant. 
In the model that examined IT-01-01-03, the factors 
experience of taking classes IT-02-02 and IT-03-02, and 
experience with problem-solving classes were statis-
tically significant. Similarly, in the model examining 
IT-01-01-03, the factors experience of taking classes 
IT-02-01, IT-02-02, IT-03-01, and first use of information 
science and technology outside of school were statisti-
cally significant.

To evaluate the goodness-of-fit of the logistic regres-
sion models, we used Nagelkerke’s pseudo R-squared 
(Nagelkerke R²). The logistic regression analysis showed 
that the Nagelkerke R² values were 0.2194 for IT-01-01-
02, 0.1923 for IT-01-01-03, and 0.2195 for IT-02-02-01, 
indicating that the analyses for IT-01-01-02 and IT-02-
02-01 had similar explanatory power, each explain-
ing approximately 21.94% and 21.95% of the variance 
respectively. The analysis for IT-01-01-03 had a slightly 
lower explanatory power, explaining about 19.23% of the 
variance.

Discussion
We conducted this cross-sectional investigation to exam-
ine the extent to which Japanese medical students per-
ceive that they have acquired competencies to use IST 
upon completion of the curriculum, and the factors that 
may promote or hinder such acquisition.

We found that (1) medical students’ self-assessed cer-
tain competencies as high and others as low. Those with 
particularly low self-assessment included “Understand an 
overview of the regulations, laws, and guidelines related 
to information science and technology in medicine” 
(IT-01-01-02), “Discuss ethical issues, such as social dis-
parities caused by the digital divide, that may arise in the 
use of information science and technology in medicine” 
(IT-01-01-03), and “Understand information science and 
technology related to medical care (medical information 
systems, wearable devices, applications, artificial intel-
ligence, telemedicine technology, and the Internet of 
Things [IoT]) and discuss their potential applications” 
(IT-02-02-01). (2) The factor associated with improve-
ment in the three self-assessed lower learning objectives 
(IT-01-01-02, IT-01-01-03, and IT-02-02-01) was the 
experience of taking a specific IST class at the medical 

school. Additionally, we found that for IT-01-01-02 and 
IT-01-01-03, participation in problem-solving classes 
before medical school was associated with improved self-
assessment. For IT-02-02-01, the experience of learning 
IST outside formal classes before entering medical school 
correlated with higher self-assessment.

Factors correlated to IST-related subcompetencies 
pertaining to regulatory and ethical issues
IT-01-01-02 and IT-01-01-03, which define subcompe-
tencies addressing regulatory and ethical issues related 
to IST in medicine, were associated with experiences 
with problem-based learning prior to medical school and 
experience with IT-03-02 classes (learning skills using 
IST in medicine classes in medical school). As IST is 
constantly evolving, the relevant regulations are chang-
ing [28], and in Japan, the Act on the Protection of Per-
sonal Information in Relation to Data Privacy [29] is 
revised in principle every three years. Medical students 
must adopt a learning strategy that responds to rapid 
changes, and they must learn to apply the knowledge 
and skills they have acquired. Therefore, they must be 
metacognizant of their own knowledge and skills in IST 
and explore learning issues on their own. This learning 
process is consistent with the problem-solving learning 
framework [30]. The reason for the low self-evaluation of 
these two academic objectives may be related to the fact 
that the participants had little experience with problem-
solving-based learning before entering medical school. 
Although Japan’s courses of study have been repeatedly 
revised since 1990 based on the standard of being able to 
spontaneously identify problems, think independently, 
make judgments, and express oneself, the 2010s did not 
see a departure from rote learning [31]. Therefore, par-
ticipants in this study may have lacked experience with 
problem-based learning before entering medical school; 
in fact, 47% of the students had no experience with prob-
lem-based learning. Furthermore, a survey conducted 
by the Ministry of Education, Culture, Sports, Science 
and Technology indicated that even for 53% of students 
with experience, many were not good at problem-solving 
learning when they enrolled in junior high school [32]. In 
other words, they were unable to set their own tasks and 
learn about the rapidly changing regulations and ethical 
issues related to IST; consequently, their self-assessment 
was low.

Factors correlated to subcompetencies pertaining to IST 
use in medical practice
The results suggest that the low self-assessment of 
IT-02-02-01 is related to a lack of learning opportuni-
ties associated with IST in medicine within the curricu-
lum. We found that students had the least experience 
with the IT-02-02 (advanced knowledge of IST class), 
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but their experience with this class was associated with 
an improvement in the self-evaluation of IT-02-02-01. 
The correlation between the self-assessment of IT-02-02-
01 and the “experience of learning IST outside of regu-
lar classes before entering medical school” suggests that 
the habit of self-learning content that cannot be learned 
through the MCC is essential for acquiring knowledge 
regarding IST in medical care. Among the participants, 
24% had learned IST outside the formal curriculum 
before entering medical school, which may have resulted 
in the low self-assessment of IT-02-02-01.

Thus, learning experience within the curriculum is one 
of the most important factors in acquiring knowledge 
on IST in medicine, and therefore, future studies should 
re-examine whether IT-02-02-01 can be improved by a 
curriculum based on the MCC 2022 Revision. However, 
reports from other countries state that computer literacy 
indicators for medical students focus on software use and 
Internet safety [21, 22]. These studies assume that there 
is a lack of learning experience related to IST in medicine 
within the curriculum. Additionally, as IST is constantly 
evolving, maintaining an up-to-date curriculum that 
comprehensively covers the subject can be challenging. 
Establishing fundamental competencies for active learn-
ing for medical students and enabling them to continu-
ously learn about IST on their own may be an essential 
improvement measure for acquiring these competencies.

Limitation and future research plan
To the authors’ knowledge, this study is the first to 
describe medical students’ self-assessment of competen-
cies related to the use of IST and the factors that affect 
this assessment. The results of this study are expected to 
be used for future curriculum management of competen-
cies related to IST.

However, this study has several limitations. First, it was 
conducted only among Japanese medical students. This 
may affect the results’ generalizability because medical 
schools in Japan follow a six-year pattern and medical 
students extensively use IST in their daily lives. Second, 
this study was conducted over a single year; thus, it is 
possible that events that occurred in FY2022 may have 
affected the results. Finally, the survey on the acquisi-
tion of competencies to use IST was based on self-assess-
ment by medical students. It is possible that the students’ 
responses contained cognitive biases, which questions 
the credibility of the self-assessment.

In the future, we expect that countries other than 
Japan will conduct surveys on medical students’ acqui-
sition of competencies required to use IST, and the fac-
tors that affect their self-assessment. By comparing the 
results from other countries, we can determine the edu-
cational systems and cultural backgrounds that positively 
influence the acquisition of such competencies. Next, it 

is desirable to survey the actual status of acquisition of 
competencies required to use IST over several years. In 
this study, we found a correlation between the self-assess-
ment of IST and the participants’ learning experience. 
Therefore, it is important to avoid bias in the responses 
related to factors that affect participants’ self-assessment. 
Finally, the competencies required to use IST should be 
examined objectively. Because self-assessed competen-
cies are based on subjective responses from medical 
students, a third party should observe and assess medi-
cal students’ competencies required to use IST. No effec-
tive indicator can objectively measure the competencies 
required to use IST [6]; thus, we believe that further 
development is required to clarify the results.

Conclusion
We conducted a survey to identify the factors that 
improve Japanese medical students’ self-assessment of 
their acquisition of competencies required to use IST. 
The results showed that, among the learning objectives, 
medical students self-assessed their lack of mastery of 
regulatory and ethical issues related to IST, as well as 
their understanding of IST in medical care as low. The 
factors that enhanced medical students’ self-assessment 
were their experience of taking classes on IST, their expe-
rience of problem-based learning and learning IST out-
side formal classes, and the way they learn about IST. 
However, the rapidly evolving IST and the correspond-
ing changes in regulation and curriculum have mandated 
that medical students adapt to the dynamic nature of 
IST. Therefore, we believe that the first step toward using 
IST in medicine is the recognition of the importance for 
medical students to learn about IST, adopt active learn-
ing methods as learners, and have experience in apply-
ing the skills they have acquired. We expect that the 
findings of this study will enhance medical education 
researchers’ awareness of the actual situation regarding 
students’ acquisition of competencies necessary to use 
IST and will facilitate the development of more effective 
interventions.
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