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Abstract

The number of patient-doctor appointments carried out using telemedicine has surpassed in-person appointments. In spite
of this, it is unclear that telemedicine curricula in undergraduate medical education reflect the real importance by means of
the effectiveness of these approaches. We aimed to systematically search and review the studies that are on undergraduate
telemedicine curricula. We searched the Web of Science, PubMed, and Scopus using the keywords such as telemedicine,
medical education, and curriculum. Our search was limited to publication dates between January 1, 2000, and February 1,
2020. We elicited the information of the curricula as to their countries, participants, aims or objectives, teaching methods,
and evaluation of effectiveness. We also evaluated the quality of the studies using the Joanna Briggs Institute Qualitative
Appraisal and Review Instrument. Out of 461 studies, seven articles were selected based on selection criteria for further
review. The studies were mostly from the USA. The participant numbers were between seven and 268. There were several
modes of delivery but lectures and patient encounters were used mostly. In four studies, the effectiveness was evaluated only
by using satisfaction surveys, and the results were satisfactory. A study reported the acquisition and application of skills as a
result. There is no well-established telemedicine curriculum in the undergraduate years. The methods vary but the effective-
ness of the educational programs does not have a robust evidence base. It is evident that undergraduate medical education
needs a curriculum backed by strong scientific data on its effectiveness.
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1 Introduction

Telemedicine is a subset of telehealth and it refers to the use
of communication networks to deliver healthcare services
at a distant [1]. World Health Organization (WHO) defines
telemedicine as “the delivery of health care services, where
distance is a critical factor, by all health care professionals
using information and communication technologies for the
exchange of valid information for diagnosis, treatment and
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prevention of disease and injuries, research and evaluation,
and for the continuing education of health care providers,
all in the interests of advancing the health of individuals
and their communities” [2]. The history of telemedicine
started with medical assistance call about spilling acid on
Alexander Graham Bell’s trousers [3] ends up carrying out
more patient-doctor appointments by means of telemedicine
than in person [4].

Today, healthcare centers are making more use of the
power and possibilities of information technologies to sup-
port patient-centered and individualized forms of healthcare.
This increases the interest in using telemedicine in health
institutions. Using telemedicine in medical practices allows
healthcare providers to contact patients remotely [5] and
enables healthcare authorities to manage challenges such
as a shortage of healthcare workers especially in rural areas
[1]. The technological tools that are used for telemedicine
have a broad range from simple e-mails to complex robotic
surgery [1]. The communication and networking technolo-
gies also vary such as satellite communications, internet,
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Global System for Mobile Communications (GSM) [1].
The COVID-19 pandemics led to such a need for socially-
distanced health care that telemedicine visits increased 683%
at the height of the pandemic [6]. It seems that telemedicine
will permeate pervasively into healthcare delivery over time
[7].

According to an economic forecast organization, the size
of the telemedicine market was around $45 billion in 2019
and it is projected to reach $175 billion by 2026 [8]. The
reasons for this growth are the increasing healthcare cost,
geriatric population, government funding and grants for
telemedicine, medical tourism, prevalence of chronic and
lifestyle-associated diseases, medical requirement in remote
areas, and need for remote patient monitoring services in
developing countries [8]. In the European Union, five pro-
jects related to telemedicine are carried out [9]. The scope of
these projects is teleradiology, teledermatology, teleneurol-
ogy, telemonitoring for diabetes and chronic heart failure,
but there is no topic on education [10]. It was reported in the
same report that medical schools did not fully include tel-
emedicine education in their curriculum. As today’s medical
students have grown up using digital technology, they will
not have much trouble integrating these skills into medical
care delivery. Although students have good digital literacy,
formal and structured education is still needed to ensure
they provide high-quality telemedical care [11]. Given the
essential need for early clinical experiences to help medical
students cultivate their skills [12], it follows that early imple-
mentation of telemedicine training at the undergraduate level
will prepare future physicians for the telemedicine universe.
In support of this argument, data suggest that medical stu-
dents feel more benefit from teledermatology training than
residents [13]. Germany has begun to address this issue and
has developed a five-module education at the University of
Mainz Medical School aimed at improving students’ skills
in the field of telemedicine. In France, telemedicine has been
integrated into the medical curriculum since 2009 [14]. The
American Medical Association (AMA) reported that medi-
cal students and residents should learn to use telemedicine
in clinical practice. For this purpose, accreditation bodies
particularly encourage them to include core competencies
for telemedicine in both undergraduate and postgraduate
medical education programs [15].

In spite of its importance, there is a limited number of
systematic reviews about telemedicine education, either
in general or at the undergraduate level in particular. One
of them is a mixed-methods review focused on the under-
graduate level, limited to the United States [16]. The other
study determines the extent of medical students’ and resi-
dents’ exposure to telemedicine and is limited to medical
schools in the United States [17]. Three other studies con-
cerning telemedicine education and training do not focus
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on the undergraduate level. Two of these address training
for all health professions [18, 19], while another includes
all periods of medical education [20].

Nevertheless, there is a significant gap in the literature
for systematic reviews of telemedicine in undergraduate
medical education. To fill this gap, we aimed to carry out a
systematic search and literature review that focuses on just
undergraduate medical education curriculum of telemedi-
cine. The research questions are as follows:

e Which educational years/level have been the telemedi-
cine curriculum implemented?

e What are the aims or objectives of the telemedicine
curriculum?

e What are the methods used to teach telemedicine?

How effective is the telemedicine curriculum?

2 Materials and methods
2.1 Study design

We conducted a systematic database review of published
studies in the past 20 years (2000-2020), in order to iden-
tify literature regarding telemedicine curriculum in under-
graduate medical education, we followed the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) guidelines [21]. PRISMA is the minimum
set of evidence-based items for reporting in systematic
reviews and meta-analyzes. It focuses on randomized tri-
als, but can also be used as a basis for reporting evalua-
tions of other types of research.

2.2 Search strategy and inclusion criteria

We searched the terms “telemedicine”, “medical educa-
tion”, “curriculum” in the Web of Science, PubMed, and
Scopus databases. We used Boolean connectors/operators,
to get more precise and more relevant results in searches.
The inclusion criteria that should be met were the follow-
ing: Participants are medical undergraduates, and interven-
tion is telemedicine curriculum/course.

Two reviewers screened the retrieved articles based on
the inclusion criteria. Duplicates and studies unrelated to
telemedicine curriculum were excluded. After this pro-
cess, the other two reviewers independently screened the
abstracts of the remaining studies. Studies that seemed
unclear from an abstract screening alone were evaluated
by a reading of the full-text. Conflicts between reviewers
were resolved through consensus.
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Table 1 Screening and
exclusion the studies according
to databases

2.3 Quality assessment

In reviewing the quality of telemedicine articles, we fol-

Database Number of documents
Studies Full-text assess- Included When duplicates are excluded
screened ment

Web of Science 50 24 4 7

PubMed 167 45 12

Scopus 244 35 11

Total 461 104 27

3 Results

lowed the methodology of Edirippulige and Armfield.18

Like them, we applied the Critical Appraisal checklist for
Interpretive and Critical Research, based on the Joanna
Briggs Institute Qualitative Appraisal and Review Instru-

ment (JBI QARI) [22].

Fig. 1 PRISMA diagram

] [ Identification

] [ Screening

[ Included

3.1 General results of systematic review

Table 1 and Fig. 1 show the exclusion process and the num-
ber of the studies screened, included, and excluded. Our
initial search for publications involving keywords resulted

in a total of 461 articles. After the abstract review, the full

Studies retrieved
from database
searching

(n=461)

A 4

Studies screened

(n=461)

A 4

A 4

Full-text studies
assessed based on
criteria

(n=104)

Studies excluded
based on criteria

(n=357)

Full-text studies
excluded based on
criteria

(n=78)

A 4

Full-text articles
included

(n=7)

A 4

Duplicates
exlcuded

(n=19)
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text of 34 articles was reached. Although the articles contain
keywords, a total of 28 articles were identified for under- Tg %
graduate telemedicine curriculum. When the same articles Eo ® e e s =@
in all three databases were removed, the remaining 7 articles - "g 20
were examined. 23:5¢%
Out of seven studies, five were published in 2016 or = E £ :E: E
after; one in 2010 [23]; and another in 2014 [24]. Four stud- § E E f; g
ies were from the USA, two from Australia, and one from 2 é g g, g
Switzerland. SESES e - o -
Assessment of the quality of the studies showed that qual- = . i
ity scores totaled seven for two studies [25, 26] (Table 2). In ;E § § E, G E
one of the studies, Jonas et al. [25] offered a learner-centered % é ?:’ 2 % g
telemedicine curriculum for 149 third-year medical students. § ‘090 < 2% 2 =
Firstly, they reported an asynchronous lecture to introduce % .g § g g Té‘ %
covering topics such as telehealth history, application, and = S 2 g 2 ‘&‘é B
ethics. Following the lectures, they carried out interactive mefressle - me T n @
telehealth instruction sessions, mock patient telehealth g 3
encounters, and hands-on practice using telehealth equip- ‘E’ 2 g §
ment. They conducted a pretest and a posttest comprising Eﬁé %>’3 «g
multiple-choice questions. They demonstrated that %10.1 § % S 5
improvement in test scores. The other study that had the best S8:E %
quality score was a randomized crossover trial [26]. In this 28EL28 —_
study, Liu et al. [26] reported the trial results of a telehealth s 2
communication skills training platform, which is called as z g -é '% N
EQClinic, incorporated into the undergraduate curriculum. =1 8 S5 _%‘
Even if the focus of the study is to compare the effective- § £ %DE =
ness of face-to-face and teleconsultation in terms of teaching & § 33 2
communication skills, the study includes a telehealth inter- E % 5 %Tg
vention in a curriculum. The results of the study showed that “eEES TT T T e T
conducting teleconsultations through EQClinic improved 52 < 8
medical communication skills of the students. ‘S % E § 3
Table 3 presents the study details for the answers to the %7)}:‘3 E,s% _Z =
research questions. g3 ‘é <z % :‘-f
SlBELLEE
3.1.1 The year/level the telemedicine curriculum § 2 8EgE3 —_ === =
was implemented g 585
ClEsEE
The curriculum in the studies was implemented for the sec- 2 52273
ond, third, or fourth year medical students or some combina- g § £ %D i‘“ ‘}3
tions of them. E/ _;:% § E § %
S |22 —_ o - O~ —
3.1.2 The aims or objectives of telemedicine curriculum % “eEEE ' L
z T2
Out of seven studies, four articles focused mainly on teach- ; 52 %é 'é
ing how telemedicine practice works. The other studies inte- Tg %ﬁ % é § g
grated telemedicine into the curriculum (1) to teach commu- E ; 13) = § 5
nication skills [26], (2) to compare telepresence training and % £ —“i g % 8 %ﬁ
in-person training [27], and (3) to teach ethics [24]. £ “EZalo S - - =0 oo
2 3
3.1.3 The methods used to teach telemedicine é G £ 5 =
< 5T 5328 s
Four out of seven studies used lecture as a delivery method % % % (i); E g % 2
[23, 24, 28, 29]. The lectures mostly were to introduce the S G A §
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basic concepts related to telemedicine. Patient encoun-
ter was another prominent method and it was used in four
studies. Out of these four studies, three of them carried out
the patient encounters using video-based communication
[24-26]. In another, the patient encounter was conducted
as an in-class simulation and the simulated patients were
the peers of the students [29]. The other methods were text-
based practice [28], workshop [28], visiting a center [23],
reflective writing [23], reflection [26], simulation-based
education [27], and demonstration [29]. The duration of the
courses varied from one hour [24] to 13 weeks [26]. Partici-
pant numbers in the studies were between seven [23] and
268 [26].

3.1.4 Effectiveness of the telemedicine curriculum

To determine effectiveness, we conducted surveys for six
studies [23-25, 27-29]. A satisfaction survey served as the
only source of information on effectiveness for four studies
[23, 24, 28, 29]. While there was a control group in one
study [27], another study carried out a randomized crossover
trial [26]. Surveys showed that the courses were satisfactory
from the perspective of students [23-25, 27-29], and faculty
members [25]. It was shown that there was 10.1% improve-
ment [25] and significant increase [27] between pretest and
posttest in multiple-choice questions. Two studies showed
an increase in terms of improvement in patient encounter
skills; one reported “acquisition and application of skills”
[25], and another showed developing skills of similar levels
with face-to-face consultations [26].

4 Discussion

In this study, we aimed to review the undergraduate curricu-
lum of telemedicine. We found a limited number of teach-
ing interventions in the curriculum in a limited number of
countries. Today, the pandemic problem experienced by the
whole world has revealed the importance of telemedicine in
health service delivery. It is now a necessity for doctors to
graduate ready to provide services via telemedicine. How-
ever, studies were limited to only three countries from all
over the world. The studies mostly were from the USA [23,
25, 27, 29]. The reason behind this would be the fact that
“USA prioritizes to incorporate telemedicine into health-
care system” [30]. Interestingly, the study from Switzerland
introduced a curriculum that dates back to 2008 that shows
years of experience [28].

Today’s modern medical education strategy supports the
view that the topics should be spread over all years of education
in an integrated manner [31]. Undergraduate years of medical
education are essential to develop the skills that students need
to use in their professional lives [32]. Our findings show that
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telemedicine curricula in undergraduate education occur mostly
in the second through fourth years. Considering the high degree
of student satisfaction in the studies [23-25, 27-29], it seems
that telemedicine education in undergraduate years is accept-
able to medical students. In particular, they state that hands-on
practice is very helpful to develop their telemedicine skills.

The current review found that there are plenty of methods
that were used to teach telemedicine. Two prominent methods
are lectures and patient encounters, which are similar to tel-
emedicine teaching in postgraduate and continuous medical
education [20]. While lectures are useful to introduce basic
concepts, patient encounters provide fruitful opportunities to
apply the knowledge. Given that adults learn better by engaging
in hands-on practice [33], using video-based patient encounters
to teach telemedicine would be seen as a wise choice. Regard-
less of which method is used, however, it should be shown that
there is scientific evidence for the effectiveness of that method.

More than half of the studies we analyzed provided evi-
dence on effectiveness just by measuring student satisfaction
[23, 24, 28, 29]. However, it is well-known that examining
learner satisfaction alone provides very limited evidence about
the effectiveness of a curriculum [34]. Knowledge gained,
behavior changed, and long-term effects are more robust to
prove the effectiveness of a curriculum [34]. Two studies
[25, 26], for example, suggest that interventions highlighting
patient encounters as an assessment strategy changed behavior.

The main findings of this review would be that there is a
limited number of training opportunities to learn telemedicine
in undergraduate years, and these approaches are not backed
by solid data on effectiveness. These findings are similar to the
results of the systematic review of telehealth-related academic
or vocational education [18]. Lack of telemedicine training is a
concern for the USA as well [17], and lack of evidence-based
approaches is a concern all across the world even in postgradu-
ate years [20].

Our study has limitations. We included studies published
only up to February 1, 2020, after which the huge increase
in demand for telemedicine during the COVID-19 pandemic
[7] could have led to an increase in studies about teaching tel-
emedicine in undergraduate years. These publications did not
take place in this review. Because of the timing of our research,
we did not review studies published after the global prolifera-
tion of COVID-19 cases. Another limitation is the possibil-
ity that there are more published curricula on telemedicine
between the dates we reviewed. To not overlook any study, we
used broad keywords and then evaluated all of the abstracts.

5 Conclusions

The overall picture of this review shows us there is not any
well-established telemedicine curriculum in undergraduate
medical education. There are several approaches but most
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of them provide weak evidence about their effectiveness.
Due to the fact that telemedicine will continue to permeate
excessively into healthcare delivery [7], it is evident that
medical schools around the world need more approaches to
establish telemedicine curriculum in undergraduate years
that are backed by robust scientific data on the effectiveness.
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