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Abstract
Introduction  The increasing ageing of the population with growth in NCD burden in India has put unprecedented 
pressure on India’s health care systems. Shortage of skilled human resources in health, particularly of specialists 
equipped to treat NCDs, is one of the major challenges faced in India. Keeping in view the shortage of healthcare 
professionals and the guidelines in NEP 2020, there is an urgent need for more health professionals who have 
received training in the diagnosis, prevention, and treatment of NCDs. This paper conducts a scoping review and aims 
to collate the existing evidence on the use of digital education of health professionals within NCD topics.

Methods  We searched four databases (Web of Science, PubMed, EBSCO Education Research Complete, and 
PsycINFO) using a three-element search string with terms related to digital education, health professions, and terms 
related to NCD. The inclusion criteria covered the studies to be empirical and NCD-related with the target population 
as health professionals rather than patients. Data was extracted from 28 included studies that reported on empirical 
research into digital education related to non-communicable diseases in health professionals in India. Data were 
analysed thematically.

Results  The target groups were mostly in-service health professionals, but a considerable number of studies also 
included pre-service students of medicine (n = 6) and nursing (n = 6). The majority of the studies included imparted 
online learning as self-study, while some imparted blended learning and online learning with the instructor. While a 
majority of the studies included were experimental or observational, randomized control trials and evaluations were 
also part of our study.

Discussion  Digital HPE related to NCDs has proven to be beneficial for learners, and simultaneously, offers an 
effective way to bypass geographical barriers. Despite these positive attributes, digital HPE faces many challenges 
for its successful implementation in the Indian context. Owing to the multi-lingual and diverse health professional 
ecosystem in India, there is a need for strong evidence and guidelines based on prior research in the Indian context.
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Introduction
Non-communicable diseases (NCDs) kill 41  million 
people each year. Of these deaths, more than 15 million 
happen to people between the ages of 30 and 69 years, 
and the vast majority of these “premature” deaths occur 
in low- and middle-income countries (LMICs) [1]. It 
is estimated that by 2030 the share of NCDs in global 
total mortality will be 69% – a dramatic rise from 59% 
in 2002 [2]. Although the burden of NCDs continues to 
increase across all regions of the world, it disproportion-
ately affects poorer regions [3], with almost 80% of NCD-
related deaths occurring in LMICs [4].

This shift is largely driven by demographical and epide-
miological transitions, coupled with rapid urbanization 
and nutritional transitions in LMICs [5].

With approximately six million annual deaths from 
NCDs, India presents an important case study with 
respect to these challenges [6]. Similar to many other 
LMICs, India is experiencing a rapid health transi-
tion with a rising burden of NCDs now surpassing the 
burden of communicable diseases [7]. In India, NCDs 
such as cardiovascular diseases, cancer, chronic respira-
tory diseases, and diabetes are estimated to account for 
around 63% of all deaths, thus making them the lead-
ing causes of death [6]. This NCD burden has severe 
implications for the healthcare system. In particular, the 
shortage of skilled health professionals, i.e. medical spe-
cialists, nurses, and other professionals equipped to treat 
NCDs, presents a serious challenge [8]. The inadequacy 
of educational institutions to impart quality medical and 
nursing education has been one of the main reasons for 
the health workforce shortage [8]. In a recent study, the 
number of Indian doctors and nurses/midwives was esti-
mated at 0.80  million and 1.40  million, with a density 
of 6.1 and 10.6, respectively, per 10,000 population. The 
numbers further drop to 5.0 and 6.0 per 10,000 popula-
tion, respectively, after accounting for the adequate qual-
ifications [9, 10]. All these estimates are well below the 
WHO threshold of 44.5 doctors, nurses and midwives 
per 10,000 population [11]. The study also highlights 
the highly skewed distribution of the health workforce 
across states, rural–urban and public–private sectors. 
The skewed distribution of the health workforce across 
India means that this shortage is even more grave in 
rural and remote areas [9, 10]. The revised guidelines of 
the National Programme for Prevention and Control of 
Non-Communicable Diseases (NP-NCD), are a welcome 
strategy in the prevention and control of NCDs [12]. The 
focus of the guidelines on health promotion, early diag-
nosis and screening, and capacity building of healthcare 
professionals will definitely push for increased attention 
to the management of NCDs and how this relates to the 
pre- and in-service training needs of health profession-
als. In addition, the recent establishment of Health and 

Wellness Centres (HWC) in managing NCDs and achiev-
ing UHC is an excellent response to the changing demo-
graphic and epidemiological profile in India. However, 
this initiative is not without challenges, with a major 
challenge being the need to build human resource capac-
ity with a continued need for training [13, 14]. Although 
some states have conducted specific training programs 
to improve the capacity and address the issue, the lack 
of training modules for NCD management remains an 
important challenge to be addressed [14]. The need 
to strengthen the HWCs through adequate financing, 
human resources, and logistics for medicines and tech-
nology, especially in hard geographical areas, is an area to 
be focussed upon [13].

The National Education Policy (NEP) 2020 by the gov-
ernment of India has highlighted the role of digital edu-
cation in training and continuing education [15]. Digital 
education is defined as an act of teaching and learning 
by means of digital technologies involving a multitude of 
educational approaches, concepts, methods, and tech-
nologies [16]. The NEP 2020 focuses attention on imple-
menting and strengthening multidisciplinary, inclusive 
and technology-based learning that is accessible to all. 
With a large geographical and cultural diversity in India, 
meeting this need has proven to be a challenge to India’s 
existing systems of health professions education (HPE). 
Hence, the use of technology in education is proposed 
as a way to access remote areas and bypass geographical 
barriers [15].

Although the NEP 2020 has some aspirational objec-
tives, there is a lack of specific knowledge regarding 
the digital education of health professionals in India. A 
recent review of Indian research in digital health profes-
sions education found that the body of literature is very 
limited and that the studies that do exist tend to take the 
form of evaluations of local educational interventions 
rather than more systematic contributions to research-
based knowledge [17].

Considering the scarcity of empirical evidence related 
to digital education and training of health professionals 
regarding NCDs, it is relevant to look outside of India 
and explore what research may have been done in other 
contexts.

Objective
Digitalization of education may help us address the 
urgent need for more health professionals who have 
received training in the diagnosis, prevention, and treat-
ment of NCDs. However, it is still unclear what consti-
tutes best practice in NCD-related digital education, and 
how experiences from across the world are relevant to 
the Indian context.

The objective of the present paper is to conduct a 
scoping review of the published research examining the 
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digital education of health professionals within NCD 
topics. More specifically the paper aims to: (i) assess the 
strengths and weaknesses of the digital teaching-learning 
practices described in the literature; and (ii) discuss the 
findings in relation to the Indian context.

Methods
The scoping review methodology is appropriate for 
exploring the extent of research activity within a topic 
where the literature is limited and disorganized. With a 
more flexible approach than what is known from system-
atic reviews, the scoping methodology can provide an 
overview of what kinds of evidence exist and help inform 
future research [18].

To identify relevant publications, we searched four 
research databases (Web of Science, PubMed, EBSCO 
Education Research Complete, and PsycInfo). This was 
done with a search string consisting of three elements, 
namely terms related to digital education (n = 174), terms 
related to health professions (n = 30), and terms related to 
NCD (n = 36). The search string with all terms is included 
in the online supplementary material.

The search produced 1032 hits combined from all the 
databases (Web of Science: 443; PubMed: 259; EBSCO 
Education Research Complete: 118; PsycInfo: 212). When 
searching, we did not limit the search to any specific time 
frame, but subsequently, we opted to exclude papers pub-
lished before 2017. This was decided to ensure that the 
included papers reported on interventions that represent 
current digital technologies. After removing duplicates 
and papers published before 2017, we had 463 docu-
ments. These documents were imported into the online 
review tool Covidence, which was used to manage the 
screening and data extraction processes.

Figure  1. PRISMA flow chart showing the screening 
process.

In Covidence, the first step was to screen the title and 
abstract of these 463 documents to determine whether 
they were suitable for inclusion in the review. This 
screening process excluded studies that were.

 	• Not empirical (e.g., reviews and commentaries).
 	• About training patients to manage their own chronic 

disease.
 	• About digital health solutions (e-health, m-health, 

apps, etc.)
 	• Not related to NCD prevention, treatment, or care.

This process led to the exclusion of 385 documents, 
leaving a pool of 78 for full-text screening. The full-text 
screening followed the same exclusion criteria. This led 
to the exclusion of a further 50 documents, leaving a pool 
of 28 documents for inclusion in the review. The PRISMA 
flow chart in Fig.  1 illustrates this process, and Table  1 

presents an overview of the 28 included studies. We note 
quality assessments are not typically recommended or 
conducted with scoping reviews [19] Moreover, as we 
were primarily focused on understanding what kinds of 
evidence exist, we did not undertake a quality assessment 
of the included documents.

From each of these 28 papers, we extracted data 
about the study’s objectives, location, target population, 
research design and methodology, findings, health focus, 
and modality of the digital educational intervention. This 
extraction process was undertaken by one author (SH). 
A few unclear cases were discussed with a further two 
authors (AB, LXJ). In the results section below, we pres-
ent a synthesis of the extracted data, with an emphasis on 
the benefits and challenges identified in the various digi-
tal educational interventions.

Results
Description of studies
The final list of the 28 studies included in our review con-
sisted of 22 studies from high-income countries with the 
majority of them from United States of America (USA). 
Only six studies were from LMICs, more specifically 
from Brazil, Pakistan, Türkiye, and Uganda, as well as two 
studies that spanned several LMICs.

The target groups were mostly in-service health pro-
fessionals but a considerable number of studies also 
included pre-service students of medicine (n = 6) and 
nursing (n = 6). Among the targeted in-service health pro-
fessionals, most were nurses (n = 12), followed by doctors 
(n = 8) and other health professionals (n = 8) including 
emergency technicians, primary care providers, medical 
assistants, etc.

The majority of the studies in the overall pool used 
either experimental or observational study designs 
and gathered data using online questionnaires, inter-
views, and/or analysis of individual or online interac-
tions between learners. The details about target groups 
and study designs are shown in Table 2. We use the term 
experimental for studies that have no specific informa-
tion on the randomization of the participants or where 
randomization has not been done. These studies typically 
included two groups of the study population, where one 
group served as an experimental one provided with the 
intervention and the other with no or some traditional 
type of intervention. Other than the observational and 
experimental studies, randomized control trials (RCTs) 
and evaluation studies were part of our review.

The studies in our review comprised mainly of educa-
tional interventions related to diabetes, stroke, hyperten-
sion and cardiac disorders.
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Fig. 1  PRISMA flow chart showing the screening process
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Assessment of digital educational intervention
Based on the digital education modality that was 
described, we grouped the studies into three categories: 
blended learning, online learning with instructor, and 
online learning as self-study. In the sub-sections below 
we present the interventions, study findings, effectiveness 
and identified challenges of each modality.

Blended learning
Our review includes seven studies providing blended 
learning to health professionals and students. For this 
purpose, we identify blended learning as any intervention 
that combines online learning with some form of onsite 
training or teaching. All the studies report the advantages 
of blended learning over traditional learning and the 
increase in overall knowledge.

Blended learning was incorporated in various formats 
in the studies. Some of the studies include the online 

learning proponent prior to the onsite training [33, 40]. 
In these, the online learning was provided in modules 
that could be taken at the participants’ own pace before 
the onsite programme which was characterised by hands-
on workshops and lectures. Other studies began with on-
site training followed by an online learning proponent 
[23, 36, 39]. In these studies, the online proponent con-
sisted of further self-study of the content learned in the 
prior onsite training. The remaining two studies did not 
have a set order but rather had the online proponent as a 
learning resource that the participants could draw upon 
among other resources such as tele-education sessions, a 
local support coach [46] or interactive classroom lectures 
with group discussions and role play [43].

The studies consisted of both RCTs and observations. 
The RCT studies mostly highlighted the strengthen-
ing capacity of nursing professionals. For instance, in 
one RCT study in Thailand, the findings showed the 

Table 2  Study location, target population, study design, and health focus of the 28 included studies. The parenthesis after the study 
location signifies whether the location is in a high-income country (HIC) or in an LMIC
Author/s (year) Study Location Target Population Study Design Health Focus
Bermejo-Caja et al. [20] Spain (HIC) Doctors and nurses Observational Chronic conditions
Block et al. [21] USA (HIC) Medical assistants, nurses Evaluation Hypertension
Conte et al. [22] Italy (HIC) Doctors Observational Cardiovascular disease
De Silva et al. (2022) USA (HIC) Nursing students Experimental Cardiovascular disease
Engelman et al. [24] Uganda (LMIC) Health workers, nursing students, and 

nurses
Experimental Cardiovascular disease

Franchi et al. [25] Italy (HIC) Doctors Randomized Control Trial Cardiovascular disease
Fuchs et al. (2018) Israel (HIC) Medical students Experimental Cardiovascular disease
Gorchs-Molist et al. [27] Spain (HIC) Emergency technicians, nurses, and doctors Observational Cerebrovascular
Hayer et al. [28] USA (HIC) Doctors, nurses, physician assistants, and 

medical assistants
Randomized Control Trial Hypertension

Herbert et al. [29] USA (HIC) Nursing students Experimental Cardiovascular disease
Hicks and Murano [30] USA (HIC) Doctors Experimental Diabetes
Hjorth-Johansen et al. [31] Norway (HIC) Nursing students and nurses Randomized Control Trial Cardiovascular disease
Jameison [32] UK (HIC) Medical students Experimental Cardiovascular disease
Kailin et al. [33] USA (HIC) Medical students Evaluation Cardiovascular disease
Lombardi et al. [34] Latin America 

(LMIC)
Doctors Experimental Renal

Lukaschek et al. [35] Germany (HIC) Doctors Observational Cardiovascular disease
Okuroğlu and Alpar [36] Türkiye (LMIC) Nurses, midwives Randomized Control Trial Diabetes
Padilha et al. [37] Portugal (HIC) Nursing students and nurses Observational Chronic Obstructive 

Pulmonary Disease
Paul et al. [38] Australia (HIC) Doctors Randomized Control Trial Diabetes
Phuangngoenmak et al. [39] Thailand (LMIC) Nurses Randomized Control Trial Diabetes
Piya et al. (2022) Australia (HIC) Nurses Randomized Control Trial Diabetes
Rhodes et al. [41] USA (HIC) School nurses Observational Diabetes
Santiago et al. [42] Brazil (LMIC) Nurses Observational Diabetes
Siddiqui et al. [43] Pakistan (LMIC) Nurses Observational Cerebrovascular
Suppan et al. (2021) Switzerland (HIC) Medical students Randomized Control Trial Cerebrovascular
Tseng et al. [45] Taiwan (HIC) Nursing and medical students Experimental Cardiovascular disease
Walker et al. [46] USA (HIC) Doctors Observational Diabetes
Wewer Albrechsten et al. 
(2017)

Various “develop-
ing countries” 
(LMIC)

Doctors, nurses, midwives, and medical 
students

Observational Diabetes
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effectiveness of blended learning in strengthening com-
petency in diabetes care among nurses, wherein the 
levels of perceived self-efficacy, outcome expectancy, 
knowledge and skills in diabetes management care were 
statistically and significantly higher at Weeks 4 and 8 
compared to the control group [39]. In another RCT 
conducted in Australia, the addition of access to online 
learning, as well as face-to-face education, significantly 
increased the uptake of diabetes education among hos-
pital non-specialist nursing staff [40]. A study based in 
Pakistan gathered information about perceptions about 
social media as a tool for online training and reported 
that Facebook, with tutor support, enabled participants 
to study the material when their schedule permitted. The 
online teaching component and facilitation were ideal 
for their full-time working nurses, as reflected by their 
improved post-course test results [43]. The detailed find-
ings for studies examining blended learning are provided 
in Table 3.

Generally, among health professionals, the percep-
tion of blended learning was positive. Blended learning 
was perceived to be beneficial and impactful in increas-
ing knowledge. This type of learning makes the learning 
interactive. However, certain challenges were identified 
that hampered online learning, e.g., limited internet con-
nection and computer skills for the participants enrolled 
in the learning [43]. As many of the participants are 
health professionals active in the workforce, the long 
duration of the working hours makes it difficult to spare 
time for online learning [36, 40].

Online learning with instructor
There were six studies in our review, wherein online 
learning with instructors was explored. Such online 
learning includes following a simultaneous schedule 
allowing for contact between learners and teachers/
trainers during the course. Two of the six studies had 
no control group. All the studies assessed the effects of 
their online teaching through survey-based question-
naires. A majority of the studies reported that these types 
of courses are cost-effective and can help bypass the geo-
graphical barrier. The findings of these studies are given 
in Table 4.

Regarding instructor involvement, five of the studies 
used learning platforms such as Moodle or Zuvia for the 
instructor to organise courses, materials and activities 
[22, 27, 38, 42, 45]. Four of these also had an online forum 
or messaging app for peer discussions about the content, 
two of these also included interactions with faculty and 
tutor support [27, 38, 42, 45]. For instance, a study by 
Paul et al. [38] had an online request form for specialist 
advice regarding diabetes. The last study by Hicks and 
Murano [30] had an instructor-led webinar followed by 
self-study.

The studies showed a positive effect on practice. A 
Spanish study on cerebrovascular medical emergency 
management from reported that interprofessional online 
stroke training in the Catalonian Emergency Medical 
Service (EMS) was effective in increasing the study par-
ticipants’ knowledge of cerebrovascular medical emer-
gencies. The results encouraged the Catalonian EMS to 
maintain this training intervention in their continuous 
education program [27].

Online learning as self-study
Of the included papers, 15 were about online learning 
as self-study. In such an intervention, the learner under-
takes an online course/training as flexible self-study. This 
means the course can be done at any time and does not 
require any set schedule or contact with teaching staff. 
Table 5 presents an overview of the study findings.

Largely the studies using online learning as self-study 
reported improvements in learning following the train-
ing. For instance, A study across Latin American coun-
tries studied the effects of online training on medical 
knowledge regarding acute kidney injury (AKI) on 
nephrologists and primary care physicians. The study 
reported gains in knowledge equivalent to 36%. It is 
important to note that the study concluded that the 
interactive, asynchronous, online courses were valuable 
and successful tools for continuing medical education in 
Latin America, reducing heterogeneity in access to train-
ing across countries. The application of distance educa-
tion techniques has proved to be effective, not only in 
terms of primary learning objectives but also as a poten-
tial tool for the development of a sustainable structure 
for communication, exchange, and integration of phy-
sicians and allied professionals involved in the care of 
patients with AKI [34]. However, one study explored the 
use of online simulations [25]. This randomized control 
trial reported no significant change in the experimental 
group following an online educational course regard-
ing oral anticoagulants in case of atrial fibrillation. Also, 
the reading material in certain modules being too dense 
and lengthy poses a challenge for the participants in one 
study to complete the learning [45]. Another study by 
Lombardi et al. [34]., also questioned whether the knowl-
edge effect is retained on a long-term basis.

Some of the studies emphasise the possibilities that 
online learning provides. One study indicated that a 
6-week internet-based course in diabetes and obesity 
treatment may serve as an important resource in post-
graduate education for medical doctors as well as other 
health professionals. From a wider perspective, educa-
tion based on Massive Open Online Courses (MOOC) 
may assist the professional community by providing the 
latest evidence-based guidelines in an easily accessible 
and globally available way [47]. An evaluation study in 



Page 9 of 15Karan et al. BMC Public Health         (2024) 24:1280 

Ta
bl

e 
3 

Fi
nd

in
gs

 o
f s

tu
di

es
 in

vo
lv

in
g 

bl
en

de
d 

le
ar

ni
ng

A
ut

ho
r/

s 
(Y

ea
r)

O
nl

in
e 

Le
ar

ni
ng

 
To

ol
Fi

nd
in

gs

D
e 

Si
lv

a 
et

 a
l. 

(2
02

2)
W

eb
 b

as
ed

 L
M

S 
(H

FE
M

)
Th

e 
fin

di
ng

s f
ro

m
 th

is 
re

se
ar

ch
 in

di
ca

te
 th

at
 la

rg
e 

ga
in

s c
an

 b
e 

m
ad

e 
in

 b
ot

h 
st

ud
en

t k
no

w
le

dg
e 

at
ta

in
m

en
t a

nd
 k

no
w

le
dg

e 
ap

pl
ic

at
io

n 
if 

ed
uc

at
or

s m
ov

e 
be

yo
nd

 n
or

m
al

 c
la

ss
ro

om
/le

ct
ur

e 
te

ac
hi

ng
 te

ch
ni

qu
es

.  T
he

 to
ta

l m
ea

n 
of

 1
7.

99
 (S

D
 =

 1
.3

7)
 fo

r t
he

 e
xp

er
im

en
ta

l g
ro

up
 o

n 
th

e 
he

ar
t f

ai
lu

re
 p

os
tt

es
t w

as
 

sig
ni

fic
an

tly
 h

ig
he

r, 
F 

(1
,1

42
) =

 4
08

.7
4,

 p
 <

 0
.0

1,
 th

an
 th

e 
co

nt
ro

l g
ro

up
 to

ta
l m

ea
n 

sc
or

e 
of

 1
2.

69
 (S

D
 =

 1
.7

7)
.

Ka
ili

n 
et

 a
l. 

(2
02

1)
W

eb
 b

as
ed

 L
M

S 
(p

ed
ec

ho
)

Be
ne

fit
s t

o 
on

lin
e 

le
ar

ni
ng

 m
od

ul
es

 w
as

 d
em

on
st

ra
te

d 
fo

r t
he

 sh
or

t a
nd

 m
ed

iu
m

-t
er

m
 re

te
nt

io
n 

of
 e

ch
oc

ar
di

og
ra

ph
ic

 le
ar

ni
ng

 c
on

te
nt

. T
he

 o
nl

in
e 

le
ar

ni
ng

 
gr

ou
p 

de
m

on
st

ra
te

d 
im

pr
ov

em
en

t i
n 

ex
am

 sc
or

es
 fo

llo
w

in
g 

on
lin

e 
le

ar
ni

ng
 (P

RE
 4

9.
1 

±
 1

5.
3 

vs
. P

O
ST

 6
7.

8 
±

 1
7%

; p
 ≤

 0
.0

1)
. M

ed
ic

al
 le

ar
ne

rs
 fr

om
 a

ro
un

d 
th

e 
w

or
ld

 w
ho

 h
ad

 n
ot

 b
ee

n 
pr

ev
io

us
ly

 e
xp

os
ed

 to
 e

ch
oc

ar
di

og
ra

ph
ic

 le
ar

ni
ng

 c
on

te
nt

 e
xh

ib
ite

d 
a 

cl
ea

r b
en

efi
t f

ro
m

 th
is 

on
lin

e 
pl

at
fo

rm
 a

nd
 le

ar
ni

ng
 m

at
er

ia
ls

O
ku

ro
ğl

u 
an

d 
Al

pa
r 

(2
01

9)
W

eb
 b

as
ed

 L
M

S
It 

w
as

 d
et

er
m

in
ed

 th
at

 th
e 

W
eb

 b
as

ed
 d

ist
an

ce
 tr

ai
ni

ng
 p

ro
gr

am
 w

as
 e

ffe
ct

iv
e 

at
 in

cr
ea

sin
g 

th
e 

di
ab

et
es

-re
la

te
d 

kn
ow

le
dg

e 
an

d 
sk

ill
s o

f t
he

 h
ea

lth
ca

re
 p

ro
-

fe
ss

io
na

ls.
 T

he
 sc

or
es

 o
f t

he
 a

ch
ie

ve
m

en
t t

es
t p

os
t-

te
st

 (P
 <

 0
.0

01
) a

nd
 fo

llo
w

-u
p 

te
st

 (P
 <

 0
.0

01
) w

er
e 

sig
ni

fic
an

tly
 h

ig
he

r i
n 

th
e 

in
te

rv
en

tio
n 

gr
ou

p,
 c

om
pa

re
d 

to
 th

e 
co

nt
ro

l g
ro

up
 th

at
 re

ce
iv

in
g 

fa
ce

-t
o-

fa
ce

 e
du

ca
tio

n 
fro

m
 a

 d
ia

be
te

s n
ur

se
. H

ow
ev

er
, t

he
 p

ro
gr

am
 w

as
 n

ot
 a

de
qu

at
e 

fo
r e

nh
an

ci
ng

 th
e 

di
ab

et
es

-re
la

t-
ed

 a
tt

itu
de

s o
f h

ea
lth

 p
ro

fe
ss

io
na

ls,
 a

s t
he

 d
ia

be
te

s-
re

la
te

d 
at

tit
ud

es
 w

er
e 

sim
ila

rly
 p

os
iti

ve
 (>

 3
) f

or
 b

ot
h 

gr
ou

ps
 w

ith
 n

o 
sig

ni
fic

an
t d

iff
er

en
ce

.
Ph

ua
ng

ng
oe

nm
ak

 
et

 a
l. 

(2
01

9)
W

eb
 b

as
ed

 L
M

S
Th

e 
fin

di
ng

s s
ho

w
ed

 th
e 

eff
ec

tiv
en

es
s o

f t
he

 p
ro

gr
am

 in
 st

re
ng

th
en

in
g 

co
m

pe
te

nc
y 

in
 d

ia
be

te
s c

ar
e 

am
on

g 
nu

rs
es

. I
n 

th
e 

ex
pe

rim
en

t g
ro

up
, t

hi
s p

ro
gr

am
 

sig
ni

fic
an

tly
 in

cr
ea

se
d 

pe
rc

ei
ve

d 
se

lf-
effi

ca
cy

, o
ut

co
m

e 
ex

pe
ct

an
cy

, k
no

w
le

dg
e 

an
d 

sk
ill

s i
n 

D
ia

be
te

s M
el

lit
us

 c
ar

e 
at

 W
ee

ks
 4

 a
nd

 8
, c

om
pa

re
d 

to
 th

e 
ba

se
lin

e 
(a

ll 
p 

<
 0

.0
03

). 
In

 a
dd

iti
on

, w
he

n 
co

m
pa

re
d 

to
 th

e 
co

nt
ro

l g
ro

up
, t

he
 le

ve
ls 

of
 p

er
ce

iv
ed

 se
lf-

effi
ca

cy
, o

ut
co

m
e 

ex
pe

ct
an

cy
, k

no
w

le
dg

e 
an

d 
sk

ill
s i

n 
D

ia
be

te
s M

el
lit

us
 c

ar
e 

w
er

e 
st

at
ist

ic
al

ly
 a

nd
 si

gn
ifi

ca
nt

ly
 h

ig
he

r a
t W

ee
ks

 4
 a

nd
 8

 (a
ll 

p 
<

 0
.0

2)
.

Pi
ya

 e
t a

l. 
(2

02
2)

W
eb

 b
as

ed
 L

M
S

Th
e 

on
lin

e 
w

ar
d,

 b
ut

 n
ot

 th
e 

Fa
ce

-t
o-

Fa
ce

 (F
2F

) o
r c

on
tr

ol
 w

ar
ds

 (c
on

tr
ol

 g
ro

up
) s

ho
w

ed
 in

cr
ea

se
d 

nu
m

be
r o

f g
oo

d 
di

ab
et

es
 d

ay
s (

G
D

D
). 

In
 th

e 
on

lin
e 

w
ar

d,
 

G
D

D
 im

pr
ov

ed
 fr

om
 4

.7
(2

.7
–7

.0
) t

o 
6.

0(
2.

3–
7.

0)
 d

ay
s; 

p 
=

 0
.0

38
. H

ow
ev

er
, t

he
re

 w
as

 n
o 

di
ffe

re
nc

e 
in

 le
ng

th
 o

f s
ta

y 
(L

O
S)

 c
ha

ng
e 

be
tw

ee
n 

on
lin

e 
[M

ed
ia

n 
(IQ

R)
 

5 
(2

–8
) t

o 
4 

(2
–7

) d
ay

s]
, F

2F
 [7

 (4
–1

4)
 to

 5
 (3

–1
3)

 d
ay

s]
 o

r c
on

tr
ol

 w
ar

ds
 [5

 (3
–9

) t
o 

5 
(3

–7
) d

ay
s]

.
Si

dd
iq

ui
 e

t a
l. 

(2
01

8)
Fa

ce
bo

ok
Fa

ce
bo

ok
 e

na
bl

ed
 p

ar
tic

ip
an

ts
 to

 st
ud

y 
th

e 
m

at
er

ia
l w

he
n 

th
ei

r s
ch

ed
ul

e 
pe

rm
itt

ed
 it

. T
he

 o
nl

in
e 

te
ac

hi
ng

 a
nd

 fa
ci

lit
at

io
n 

w
er

e 
id

ea
l f

or
 o

ur
 fu

ll-
tim

e 
w

or
ki

ng
 n

ur
se

s a
s r

efl
ec

te
d 

by
 th

ei
r i

m
pr

ov
ed

 p
os

t-
co

ur
se

 te
st

 re
su

lts
. T

he
 p

os
t-

co
ur

se
 te

st
 sh

ow
ed

 th
at

 n
in

e 
of

 1
0 

ca
nd

id
at

es
 p

as
se

d 
w

ith
 sc

or
es

 >
 7

0%
 

co
m

pa
re

d 
to

 o
nl

y 
tw

o 
ca

nd
id

at
es

 g
et

tin
g 

sc
or

es
 >

 5
0%

 in
 th

e 
pr

e-
co

ur
se

 te
st

.
W

al
ke

r e
t a

l. 
(2

02
1)

W
eb

 b
as

ed
 L

M
S 

(E
CH

O
 T

1D
)

Fo
llo

w
in

g 
th

e 
pi

lo
t s

tu
dy

, t
he

re
 w

as
 st

at
ist

ic
al

ly
 si

gn
ifi

ca
nt

 im
pr

ov
em

en
t i

n 
pr

im
ar

y 
ca

re
 p

ro
vi

de
rs

’ d
ia

be
te

s k
no

w
le

dg
e 

(p
 ≤

 0
.0

1)
 a

s w
el

l a
s i

n 
di

ab
et

es
 

co
nfi

de
nc

e 
(p

 ≤
 0

.0
1)

. T
he

 re
su

lts
 o

f t
hi

s p
ilo

t s
tu

dy
 d

em
on

st
ra

te
 th

at
 th

e 
bl

en
de

d 
le

ar
ni

ng
 a

dd
re

ss
es

 th
e 

ga
ps

 b
y 

eq
ui

pp
in

g 
m

or
e 

pr
ac

tit
io

ne
rs

 w
ith

 th
e 

kn
ow

le
dg

e 
an

d 
re

so
ur

ce
s t

o 
su

pp
or

t p
at

ie
nt

s w
ith

 T
yp

e 
1 

di
ab

et
es

 w
ho

 m
ay

 n
ot

 o
th

er
w

ise
 re

ce
iv

e 
ad

eq
ua

te
 o

r r
ou

tin
e 

sp
ec

ia
lty

 c
ar

e.



Page 10 of 15Karan et al. BMC Public Health         (2024) 24:1280 

Ta
bl

e 
4 

Fi
nd

in
gs

 o
f s

tu
di

es
 in

vo
lv

in
g 

on
lin

e 
le

ar
ni

ng
 w

ith
 in

st
ru

ct
or

A
ut

ho
r/

s 
(Y

ea
r)

O
nl

in
e 

Le
ar

ni
ng

 
To

ol
Fi

nd
in

gs

Co
nt

e 
et

 a
l. 

(2
01

7)
W

eb
 b

as
ed

 L
M

S 
& 

Sm
ar

tp
ho

ne
 A

pp
Th

e 
au

th
or

s p
re

se
nt

 th
e 

E-
Le

ar
ni

ng
 p

ar
t a

s i
ts

 u
se

fu
l t

o 
in

tr
od

uc
e 

th
e 

E-
Tr

ai
ni

ng
 a

nd
 is

 c
on

sid
er

ed
, a

s a
 re

al
 in

no
va

tio
n 

of
 th

e 
ov

er
al

l t
oo

l. T
he

 E
-T

ra
in

in
g 

re
pr

es
en

ts
 

a 
ch

al
le

ng
in

g 
w

ay
 to

 u
pd

at
e 

kn
ow

le
dg

e 
al

so
 in

 e
xp

er
t u

se
rs

, t
o 

im
pr

ov
e 

th
ei

r s
ki

lls
 a

nd
 to

 c
om

pa
re

 th
ei

r o
pi

ni
on

 w
ith

 th
e 

w
ho

le
 p

ee
r-

co
m

m
un

ity
 a

nd
 w

ith
 th

e 
co

or
di

na
tio

n 
te

am
 o

ve
r f

re
qu

en
tly

 u
pd

at
ed

 tr
ic

ky
 c

lin
ic

al
 c

as
es

G
or

ch
s-

M
ol

ist
 

et
 a

l. 
(2

02
0)

W
eb

 b
as

ed
 L

M
S 

(M
oo

dl
e)

An
 in

te
rp

ro
fe

ss
io

na
l o

nl
in

e 
tr

ai
ni

ng
 in

te
rv

en
tio

n 
on

 st
ro

ke
s i

n 
th

e 
Ca

ta
lo

ni
an

 E
m

er
ge

nc
y 

M
ed

ic
al

 S
er

vi
ce

s w
as

 e
ffe

ct
iv

e 
in

 in
cr

ea
sin

g 
th

e 
pa

rt
ic

ip
an

t’s
 k

no
w

le
dg

e 
on

 
ce

re
br

ov
as

cu
la

r m
ed

ic
al

 e
m

er
ge

nc
ie

s. 
Th

er
e 

w
as

 a
 si

gn
ifi

ca
nt

 in
cr

ea
se

 in
 8

0%
 o

f t
he

 q
ue

st
io

ns
 re

ga
rd

in
g 

re
co

gn
iti

on
 o

f s
ig

ns
 a

nd
 sy

m
pt

om
s o

f a
 st

ro
ke

 (p
 <

 0
.0

5)
, 

an
d 

a 
sig

ni
fic

an
t i

nc
re

as
e 

in
 a

ll 
qu

es
tio

ns
 re

ga
rd

in
g 

st
ro

ke
 c

od
e,

 p
re

ho
sp

ita
l m

an
ag

em
en

t a
nd

 st
ro

ke
 a

ss
es

sm
en

t, 
w

ith
 m

os
t s

co
re

s a
bo

ve
 8

5%
 (p

 <
 0

.0
01

). 
Bo

th
 

st
re

ng
th

s a
nd

 a
re

as
 fo

r i
m

pr
ov

em
en

t w
er

e 
de

te
ct

ed
 fo

r f
ut

ur
e 

tr
ai

ni
ng

 o
pp

or
tu

ni
tie

s. 
Th

es
e 

re
su

lts
 e

nc
ou

ra
ge

d 
th

e 
Ca

ta
lo

ni
an

 E
m

er
ge

nc
y 

M
ed

ic
al

 S
er

vi
ce

s t
o 

m
ai

nt
ai

n 
th

is 
tr

ai
ni

ng
 in

te
rv

en
tio

n 
in

 th
ei

r c
on

tin
uo

us
 e

du
ca

tio
n 

pr
og

ra
m

, w
hi

ch
, s

ta
rt

in
g 

ba
ck

 in
 2

01
5,

 is
 d

el
iv

er
ed

 tw
ic

e 
a 

ye
ar

.
H

ic
ks

 a
nd

 M
u-

ra
no

 (2
01

7)
W

eb
 b

as
ed

 L
M

S
Th

is 
re

se
ar

ch
 st

ud
y 

de
m

on
st

ra
te

d 
th

at
 o

nl
in

e 
co

nt
in

ui
ng

 m
ed

ic
al

 e
du

ca
tio

n 
co

ur
se

s l
au

nc
he

d 
on

 st
at

e-
le

ve
l m

ed
ic

al
 a

ss
oc

ia
tio

n 
pl

at
fo

rm
s i

m
pr

ov
ed

 su
bj

ec
t m

at
te

r 
kn

ow
le

dg
e 

sig
ni

fic
an

tly
 b

et
w

ee
n 

th
e 

pr
e-

 a
nd

 p
os

t-
sc

or
es

 (P
 <

 0
.0

00
1)

. U
lti

m
at

el
y, 

do
ct

or
s w

ho
 c

ou
pl

e 
kn

ow
le

dg
e 

ba
sic

s w
ith

 p
ra

ct
ic

al
 a

pp
lic

at
io

n 
to

ol
s m

ay
 m

or
e 

su
cc

es
sf

ul
ly

 in
te

gr
at

e 
th

es
e 

in
to

 th
ei

r p
ra

ct
ic

es
.

Pa
ul

 e
t a

l. 
(2

01
7)

W
eb

 b
as

ed
 L

M
S

G
iv

en
 th

at
 th

e 
nu

m
be

r o
f d

oc
to

rs
 c

om
pl

et
in

g 
th

e 
on

lin
e 

le
ar

ni
ng

 m
od

ul
e 

w
as

 to
o 

fe
w

 to
 e

xp
ec

t a
n 

in
te

rv
en

tio
n 

eff
ec

t, 
th

e 
in

te
rv

en
tio

n 
tr

ia
l w

as
 d

isc
on

tin
ue

d,
 th

at
 

is,
 n

o 
fo

llo
w

-u
p 

da
ta

 w
er

e 
co

lle
ct

ed
.

Sa
nt

ia
go

 e
t a

l. 
(2

02
1)

W
eb

 b
as

ed
 L

M
S 

(M
oo

dl
e)

It 
w

as
 p

os
sib

le
 to

 d
ev

el
op

 a
 d

ig
ita

l e
du

ca
tio

na
l t

ec
hn

ol
og

y 
fo

r c
ar

e 
m

an
ag

em
en

t o
f D

ia
be

te
s M

el
lit

us
 p

eo
pl

e’s
 fe

et
.

Ts
en

g 
et

 a
l. 

(2
02

1)
W

eb
 b

as
ed

 L
M

S
Fo

r s
tu

de
nt

 p
er

fo
rm

an
ce

, t
he

re
 w

as
 n

o 
sig

ni
fic

an
t d

iff
er

en
ce

 b
et

w
ee

n 
th

e 
ex

pe
rim

en
ta

l a
nd

 c
on

tr
ol

 g
ro

up
s b

ef
or

e 
th

e 
co

ur
se

, d
em

on
st

ra
tin

g 
th

ei
r s

im
ila

rit
ie

s, 
bu

t 
st

ud
en

t p
er

fo
rm

an
ce

 fo
r t

he
 k

no
w

le
dg

e 
co

m
po

ne
nt

 in
 th

e 
ex

pe
rim

en
ta

l g
ro

up
 (i

nn
ov

at
iv

e 
in

st
ru

ct
io

n)
 w

as
 b

et
te

r t
ha

n 
th

e 
co

nt
ro

l g
ro

up
 (c

on
ve

nt
io

na
l i

ns
tr

uc
tio

n)
 

af
te

r t
he

 c
ou

rs
es

. T
he

 O
bj

ec
tiv

e 
st

ru
ct

ur
e 

cl
in

ic
al

 e
xa

m
in

at
io

ns
 (O

SC
E)

 to
ta

l s
co

re
 fo

r t
he

 e
xp

er
im

en
ta

l g
ro

up
 w

as
 M

 =
 2

30
.1

8,
 S

D
 =

 2
6.

89
 v

s. 
M

 =
 1

94
.9

7,
 S

D
 =

 2
1.

66
 fo

r 
th

e 
co

nt
ro

l g
ro

up
 (p

 <
 0

.0
01

). 
Th

is,
 d

em
on

st
ra

tin
g 

th
e 

eff
ec

tiv
en

es
s o

f i
nn

ov
at

iv
e 

in
st

ru
ct

io
n 

to
 b

oo
st

 k
no

w
le

dg
e-

ba
se

d 
le

ar
ni

ng
 w

ith
in

 a
 sh

or
t a

m
ou

nt
 o

f t
im

e.



Page 11 of 15Karan et al. BMC Public Health         (2024) 24:1280 

A
ut

ho
r 

(Y
ea

r)
O

nl
in

e 
Le

ar
ni

ng
 

To
ol

Fi
nd

in
gs

Be
rm

ej
o-

Ca
ja

 e
t a

l. 
(2

01
9)

W
eb

 b
as

ed
 L

M
S

(e
 M

PO
D

ER
A)

Th
e 

re
su

lts
 fr

om
 th

is 
pi

lo
t s

tu
dy

 sh
ow

 q
ua

lit
at

iv
el

y 
th

at
 p

rim
ar

y 
ca

re
 p

ro
fe

ss
io

na
ls 

co
ns

id
er

ed
 th

e 
e-

le
ar

ni
ng

 a
pp

lic
at

io
n 

us
ef

ul
 fo

r l
ea

rn
in

g 
ho

w
 to

 e
m

po
w

er
 p

at
ie

nt
s. 

H
ow

ev
er

, a
tt

en
tio

n 
ne

ed
s t

o 
be

 p
ai

d 
to

 te
ch

no
lo

gi
ca

l i
ss

ue
s, 

an
d 

th
e 

tim
e 

de
m

an
ds

 o
n 

pr
of

es
sio

na
ls.

Bl
oc

k 
et

 a
l. 

(2
01

8)
W

eb
 b

as
ed

 L
M

S 
(L

ea
rn

sh
ar

e)
D

ire
ct

 o
bs

er
va

tio
n 

da
ta

 re
ve

al
ed

 th
at

 c
om

pl
et

in
g 

th
e 

on
lin

e 
tr

ai
ni

ng
 p

ro
gr

am
 w

as
 a

ss
oc

ia
te

d 
w

ith
 im

pr
ov

em
en

t i
n 

ce
rt

ai
n 

st
ep

s i
n 

th
e 

bl
oo

d 
pr

es
su

re
 p

ro
to

co
l, 

in
cl

ud
-

in
g 

ex
pl

ai
ni

ng
 th

e 
pr

ot
oc

ol
 to

 p
at

ie
nt

s, 
pr

ov
id

in
g 

a 
re

st
 p

er
io

d,
 u

se
 o

f a
ve

ra
ge

 m
od

e,
 a

nd
 re

co
rd

in
g 

th
e 

av
er

ag
e 

re
ad

in
g 

in
 th

e 
EM

R.
 P

rio
r t

o 
th

e 
m

od
ul

e,
 th

e 
pa

rt
ic

ip
an

ts
 

an
sw

er
ed

 8
0.

6%
 o

f q
ue

st
io

ns
 c

or
re

ct
ly

 a
nd

 a
fte

r t
he

 m
od

ul
e,

 th
ey

 a
ns

w
er

ed
 9

3.
4%

 c
or

re
ct

ly
 (p

 <
 0

.0
1)

, a
nd

 im
pr

ov
em

en
ts

 w
er

e 
sig

ni
fic

an
t f

or
 st

aff
 fr

om
 a

ll 
jo

b 
ty

pe
s.

En
ge

lm
an

 
et

 a
l. 

(2
01

7)
W

eb
 b

as
ed

 L
M

S
In

 th
is 

ev
al

ua
tio

n 
of

 c
om

pu
te

r-a
ss

ist
ed

 tr
ai

ni
ng

 m
at

er
ia

ls 
fo

r R
he

um
at

ic
 H

ea
rt

 D
ise

as
e 

sc
re

en
in

g,
 st

ro
ng

 e
vi

de
nc

e 
w

as
 re

po
rt

ed
 fo

r a
n 

in
cr

ea
se

 in
 k

no
w

le
dg

e 
ac

ro
ss

 a
ll 

re
qu

ire
d 

le
ar

ni
ng

 a
re

as
. T

he
y 

re
po

rt
ed

 a
n 

in
cr

ea
se

 in
 th

e 
m

ea
n 

to
ta

l s
co

re
 o

n 
kn

ow
le

dg
e 

te
st

s f
ro

m
 4

4.
8–

85
.4

%
 (m

ea
n 

di
ffe

re
nc

e:
 4

0.
6%

, 9
5%

 c
on

fid
en

ce
 in

te
rv

al
: 3

5.
4 

to
 4

5.
8%

). 
Ad

di
tio

na
lly

, i
nc

re
as

ed
 c

on
fid

en
ce

 in
 c

or
e 

co
m

pe
te

nc
ie

s f
or

 a
 g

ro
up

 o
f h

ea
lth

 w
or

ke
rs

 w
ith

ou
t p

re
vi

ou
s t

ra
in

in
g 

in
 u

ltr
as

on
og

ra
ph

y 
w

as
 a

lso
 re

po
rt

ed
 w

ith
 a

 
sig

ni
fic

an
t i

nc
re

as
e 

in
 c

on
fid

en
ce

 sc
or

es
 c

lin
ic

al
 sc

ie
nc

e,
 e

ch
oc

ar
di

og
ra

ph
y 

an
d 

ov
er

al
l (

p 
<

 0
.0

01
 fo

r a
ll 

th
re

e 
sc

al
es

). 
U

se
 o

f t
he

 tr
ai

ni
ng

 m
od

ul
es

 m
ay

 re
du

ce
 fa

ce
-t

o-
fa

ce
 te

ac
hi

ng
 ti

m
es

 a
nd

 th
er

ef
or

e 
th

e 
hu

m
an

 re
so

ur
ce

 re
qu

ire
m

en
ts

 fo
r b

us
y 

cl
in

ic
ia

ns
 a

nd
 fa

cu
lty

.
Fr

an
ch

i e
t 

al
. (

20
19

)
W

eb
 b

as
ed

 L
M

S 
(D

r S
im

)
In

 th
is 

tr
ia

l c
on

du
ct

ed
 in

 in
te

rn
al

 m
ed

ic
in

e 
an

d 
ge

ria
tr

ic
 w

ar
ds

, a
n 

ed
uc

at
io

na
l c

ou
rs

e 
ba

se
d 

on
 a

 c
om

pu
te

r-b
as

ed
 si

m
ul

at
io

n 
di

d 
no

t s
uc

ce
ed

 in
 o

bt
ai

ni
ng

 a
n 

in
cr

ea
se

 
in

 th
e 

pr
op

or
tio

n 
of

 p
at

ie
nt

s w
ith

 A
tr

ia
l F

ib
ril

la
tio

n 
pr

es
cr

ib
ed

 w
ith

 a
ny

 O
ra

l A
nt

i C
oa

gu
la

nt
s a

t h
os

pi
ta

l d
isc

ha
rg

e 
w

ith
 re

sp
ec

t t
o 

th
e 

us
ua

l p
ra

ct
ic

e 
(o

dd
s r

at
io

, 1
.4

6;
 

95
%

 c
on

fid
en

ce
 in

te
rv

al
, 0

.8
1–

2.
64

). 
H

ow
ev

er
, i

n 
th

e 
in

te
rv

en
tio

n 
ar

m
, t

he
re

 w
as

 a
 g

re
at

er
 in

cr
ea

se
, c

om
pa

re
d 

to
 th

e 
co

nt
ro

l a
rm

, i
n 

th
e 

pr
op

or
tio

n 
of

 p
at

ie
nt

s p
re

-
sc

rib
ed

 w
ith

 O
ra

l A
nt

i C
oa

gu
la

nt
s (

15
.1

%
; 9

5%
 C

on
fid

en
ce

 in
te

rv
al

, 0
-3

1.
5%

) a
nd

 w
ith

 d
ire

ct
 o

ra
l a

nt
ic

oa
gu

la
nt

s (
20

%
; 9

5%
 c

on
fid

en
ce

 in
te

rv
al

, 0
-3

9.
8%

).
Fu

ch
s e

t a
l. 

(2
01

8)
W

eb
 b

as
ed

 
LM

S 
(e

M
ed

ic
al

 
Ac

ad
em

y)

Th
is 

st
ud

y 
sh

ow
s t

ha
t m

ed
ic

al
 st

ud
en

ts
 w

er
e 

ab
le

 to
 in

de
pe

nd
en

tly
 le

ar
n 

ho
w

 to
 a

cq
ui

re
 c

ar
di

ac
 u

ltr
as

ou
nd

 v
ie

w
s b

y 
us

in
g 

an
 e

-le
ar

ni
ng

 p
la

tfo
rm

 in
 c

om
bi

na
tio

n 
w

ith
 

se
lf-

pr
ac

tic
e.

St
ud

en
ts

 w
ho

 tr
ai

ne
d 

on
 th

ei
r o

w
n,

 w
ith

 n
o 

be
ds

id
e 

te
ac

hi
ng

, c
om

bi
ni

ng
 a

n 
e-

le
ar

ni
ng

 m
od

ul
e 

an
d 

se
lf-

ca
rd

ia
c 

ul
tr

as
ou

nd
 p

ra
ct

ic
e,

 w
er

e 
ov

er
al

l a
s g

oo
d 

as
 st

ud
en

ts
 

w
ho

 re
ce

iv
ed

 a
n 

al
re

ad
y 

va
lid

at
ed

, b
ed

sid
e,

 fr
on

ta
l c

ar
di

ac
 u

ltr
as

ou
nd

 c
ou

rs
e 

w
ith

 n
o 

sig
ni

fic
an

t d
iff

er
en

ce
 b

et
w

ee
n 

th
e 

tw
o 

gr
ou

ps
 (p

 =
 0

.5
08

).
H

ay
er

 e
t a

l. 
(2

02
2)

W
eb

 b
as

ed
 L

M
S

Ac
ro

ss
 a

ll 
fo

ur
 si

te
s, 

pa
rt

ic
ip

an
ts

 in
 th

e 
in

te
rv

en
tio

n 
gr

ou
p 

de
m

on
st

ra
te

d 
sig

ni
fic

an
t i

m
pr

ov
em

en
t i

n 
bo

th
 th

ei
r k

no
w

le
dg

e 
an

d 
sk

ill
s a

fte
r c

om
pl

et
in

g 
th

e 
30

-m
in

ut
e 

e-
Le

ar
ni

ng
 m

od
ul

e.
 F

ol
lo

w
in

g 
th

e 
e-

Le
ar

ni
ng

 m
od

ul
e,

 th
e 

in
te

rv
en

tio
n 

gr
ou

p 
pe

rfo
rm

ed
 o

n 
av

er
ag

e 
3.

4 
m

or
e 

ob
je

ct
iv

e 
st

ru
ct

ur
ed

 c
lin

ic
al

 e
xa

m
in

at
io

n
ite

m
s a

nd
 1

.7
 m

or
e 

kn
ow

le
dg

e 
qu

es
tio

ns
 c

or
re

ct
ly

 v
s. 

1.
4 

an
d 

0.
5 

in
 th

e 
co

nt
ro

l g
ro

up
 fo

llo
w

in
g 

a 
te

st
-re

st
 a

pp
ro

ac
h 

(P
 <

 0
.0

1)
. T

he
 in

te
rv

en
tio

n 
gr

ou
p 

al
so

 h
ad

 a
 1

7.
1%

 
in

cr
ea

se
 in

 th
e 

ob
ta

in
m

en
t o

f a
cc

ur
at

e 
sy

st
ol

ic
 a

nd
 d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e 

m
ea

su
re

m
en

t c
om

pa
re

d 
to

 a
 6

.1
%

 d
ec

lin
e 

in
 th

e 
co

nt
ro

l g
ro

up
 (p

 <
 0

.0
1)

. T
he

 re
su

lts
 c

on
fir

m
 

th
e 

ne
ed

 fo
r B

P 
m

ea
su

re
m

en
t r

et
ra

in
in

g 
an

d 
th

e 
ab

ili
ty

 to
 im

pr
ov

e 
pr

ov
id

er
’s 

kn
ow

le
dg

e 
an

d 
sk

ill
s w

ith
 a

 b
rie

f 3
0-

m
in

ut
e 

e-
Le

ar
ni

ng
 m

od
ul

e.
H

er
be

rt
 e

t 
al

. (
20

21
)

Sm
ar

tp
ho

ne
 A

ug
-

m
en

te
d 

Re
al

ity
 

(A
R)

 A
pp

W
he

n 
co

m
pa

rin
g 

th
e 

ov
er

al
l H

FA
 p

re
-t

es
t a

nd
 p

os
t t

es
t r

es
ul

ts
, n

o 
ke

y 
le

ar
ni

ng
 d

iff
er

en
ce

s w
er

e 
id

en
tifi

ed
 fo

r e
ith

er
 th

e 
ex

pe
rim

en
ta

l o
r r

ec
or

de
d 

vi
de

o 
le

ct
ur

e 
co

nt
ro

l 
gr

ou
ps

 in
 b

ot
h 

th
e 

as
se

ss
m

en
t c

om
pl

et
io

n 
tim

e 
(t 

[3
] =

 1
.6

26
, p

 =
 0

.1
14

) a
nd

 o
ve

ra
ll 

%
 te

st
 a

cc
ur

ac
y 

(t 
[3

0]
 =

 1
.8

46
, p

 =
 0

.0
75

). 
O

ve
ra

ll 
pe

rfo
rm

an
ce

 a
cr

os
s g

ro
up

s w
as

 n
ot

 
as

 h
ig

h 
as

 th
e 

au
th

or
s e

xp
ec

te
d.

H
jo

rt
h-

Jo
-

ha
ns

en
 e

t 
al

. (
20

19
)

W
eb

 b
as

ed
 L

M
S

W
hi

le
 th

e 
sc

or
es

 b
et

w
ee

n 
th

e 
co

nt
ro

l g
ro

up
 (f

ac
e-

to
-fa

ce
 le

ar
ni

ng
) a

nd
 th

e 
in

te
rv

en
tio

n 
gr

ou
p 

(e
-le

ar
ni

ng
) d

id
 n

ot
 d

iff
er

 si
gn

ifi
ca

nt
ly

, b
ot

h 
gr

ou
ps

 im
pr

ov
ed

 th
ei

r s
co

re
s 

sig
ni

fic
an

tly
. T

he
 sc

or
e 

of
 th

e 
fa

ce
-t

o‐
fa

ce
 le

ar
ni

ng
 g

ro
up

 (c
on

tr
ol

) i
nc

re
as

ed
 si

gn
ifi

ca
nt

ly
 fr

om
 2

2.
9–

36
.5

 (p
 <

 0
.0

01
), 

w
hi

le
 th

at
 o

f t
he

 e
‐le

ar
ni

ng
 g

ro
up

 in
cr

ea
se

d 
fro

m
 

27
.8

–3
8.

0 
(p

 <
 0

.0
01

). 
Th

e 
fa

ct
 th

at
 e

-le
ar

ni
ng

 w
as

 th
e 

le
ss

 ti
m

e-
co

ns
um

in
g 

le
ar

ni
ng

 m
et

ho
d 

an
d 

th
at

 tr
ad

iti
on

al
 le

ar
ni

ng
 w

as
 th

e 
pr

ef
er

re
d 

le
ar

ni
ng

 m
et

ho
d 

m
ay

 im
pl

y 
th

at
 b

le
nd

ed
 le

ar
ni

ng
, m

ix
in

g 
tr

ad
iti

on
al

 le
ar

ni
ng

 a
nd

 e
-le

ar
ni

ng
 m

ay
 b

e 
th

e 
m

os
t e

ffe
ct

iv
e 

le
ar

ni
ng

 m
et

ho
d.

 T
hi

s m
ay

 a
dd

re
ss

 b
ot

h 
th

e 
ne

ed
 fo

r t
im

e 
eff

ec
tiv

en
es

s a
nd

 
th

e 
ne

ed
 fo

r i
nt

er
ac

tio
n 

w
ith

 a
 te

ac
he

r o
r a

n 
ex

pe
rt

.
Ja

m
ei

so
n 

(2
02

0)
W

eb
 b

as
ed

 L
M

S 
(S

of
tC

ha
lk

)
Th

e 
st

ud
y 

m
et

 it
s i

ni
tia

l a
im

s a
nd

 si
gn

ifi
ca

nt
ly

 im
pr

ov
ed

 p
ar

tic
ip

an
t’s

 c
on

fid
en

ce
 in

 th
ei

r u
nd

er
st

an
di

ng
 o

f c
ar

di
ov

as
cu

la
r d

ise
as

e,
 w

ith
 a

 g
re

at
er

 m
ea

n 
in

cr
ea

se
 in

 c
on

fi-
de

nc
e 

ac
ro

ss
 a

ll 
to

pi
cs

 fr
om

 th
e 

e-
le

ar
ni

ng
 re

so
ur

ce
s t

ha
n 

th
e 

cl
as

sr
oo

m
 le

ss
on

s (
Sc

or
es

 o
f 2

.4
6 

vs
. 1

.8
0)

. T
he

 st
ud

y 
su

gg
es

ts
 e

-le
ar

ni
ng

 a
nd

 st
ud

en
t l

ed
 c

la
ss

ro
om

-b
as

ed
 

le
ar

ni
ng

 a
re

 e
ffe

ct
iv

e 
m

et
ho

ds
 o

f t
ea

ch
in

g,
 w

ith
 st

ud
en

ts
 c

om
m

en
tin

g 
th

at
 b

ot
h 

w
er

e 
en

ga
gi

ng
 a

nd
 e

nj
oy

ab
le

.
Lo

m
ba

rd
i 

et
 a

l. 
(2

01
8)

W
eb

 b
as

ed
 L

M
S

Be
fo

re
 a

nd
 a

fte
r t

he
 o

nl
in

e 
co

ur
se

 fo
r n

ep
hr

ol
og

ist
s, 

th
e 

m
ea

n 
nu

m
be

r o
f r

ig
ht

 a
ns

w
er

s w
as

 5
.8

7 
an

d 
8.

01
, r

es
pe

ct
iv

el
y 

(P
 <

 0
.0

5)
. T

he
 p

re
te

st
 a

nd
 p

os
tt

es
t s

co
re

s f
or

 th
e 

pr
im

ar
y 

ca
re

 p
hy

sic
ia

ns
 w

er
e 

no
t r

ep
or

te
d.

Th
e 

in
te

ra
ct

iv
e,

 a
sy

nc
hr

on
ou

s, 
on

lin
e 

co
ur

se
s a

re
 a

 v
al

ua
bl

e 
an

d 
su

cc
es

sf
ul

 to
ol

 fo
r c

on
tin

ui
ng

 m
ed

ic
al

 e
du

ca
tio

n 
in

 L
at

in
 A

m
er

ic
a,

 re
du

ci
ng

 h
et

er
og

en
ei

ty
 in

 a
cc

es
s t

o 
tr

ai
ni

ng
 a

cr
os

s c
ou

nt
rie

s. 
Re

lia
bl

e 
in

fo
rm

at
io

n 
is 

la
ck

in
g 

re
ga

rd
in

g 
th

e 
im

pa
ct

 o
f t

he
se

 c
ou

rs
es

 o
n 

lo
ng

-t
er

m
 k

no
w

le
dg

e 
re

te
nt

io
n 

an
d 

th
e 

ul
tim

at
e 

be
ne

fit
 o

n 
qu

al
ity

 o
f 

he
al

th
.

Lu
ka

sc
he

k 
et

 a
l. 

(2
01

9)
W

eb
 b

as
ed

 L
M

S 
(E

Q
ui

P)
Th

e 
kn

ow
le

dg
e 

an
d 

sk
ill

s o
bt

ai
ne

d 
by

 th
e 

W
eb

-b
as

ed
 m

ot
iv

at
io

na
l i

nt
er

vi
ew

in
g 

co
ur

se
 w

er
e 

as
se

ss
ed

 b
y 

th
e 

pa
rt

ic
ip

an
ts

 a
s b

ei
ng

 b
en

efi
ci

al
 a

nd
 a

pp
ro

pr
ia

te
 fo

r u
se

 in
 

pr
im

ar
y 

ca
re

 p
ra

ct
ic

e.
 R

eg
ar

di
ng

 th
e 

pe
rc

ei
ve

d 
ap

pl
ic

ab
ili

ty
 o

f s
ki

lls
 a

nd
 k

no
w

le
dg

e 
fro

m
 th

e 
co

ur
se

, t
he

 g
ro

up
s r

at
ed

 th
e 

fo
llo

w
in

g:
 m

ed
ic

al
 st

ud
en

ts
: 9

4%
 [7

9/
84

] g
oo

d;
 

Ph
ys

ic
ia

ns
 in

 sp
ec

ia
lis

t t
ra

in
in

g:
 8

8.
6%

 [1
09

/1
23

] e
xc

el
le

nt
; a

nd
 G

en
er

al
 p

ra
ct

iti
on

er
s: 

51
.3

%
 [1

82
/3

55
] e

xc
el

le
nt

.

Ta
bl

e 
5 

Fi
nd

in
gs

 o
f s

tu
di

es
 in

vo
lv

in
g 

se
lf-

st
ud

y



Page 12 of 15Karan et al. BMC Public Health         (2024) 24:1280 

the United States reported that online learning modules 
can be developed and maintained with minimal costs and 
basic technological requirements and present a unique 
opportunity to provide essential information in a short 
timeframe. In addition, these modules can be specifically 
tailored to address identified knowledge gaps among 
various groups and can be easily disseminated and can be 
an effective method for educating nurses in a time- and 
cost-sensitive manner [41].

The major challenges faced by health professionals or 
students when participating in online learning by self-
study include time constraints and out-of-date or inap-
propriate hardware and software [20, 34]. Some barriers 
that online learning can help organisations overcome 
include logistical difficulties and expenses associated 
with maintaining an adequate pool of educators, coor-
dinating training sessions, and standardizing training 
across sites [21].

Discussion
This section discusses the strengths, weaknesses, and 
advantages of digital education related to NCDs in the 
reviewed literature in the context of India.

Value of online and blended NCD education
The limited literature available on the topic paints a posi-
tive picture regarding the increase in learning/knowledge 
of health professionals on NCDs due to online learning. 
A majority of the studies reported an increase in knowl-
edge after the interventions. A study from Latin America 
provides an example of how online courses can be a valu-
able and successful tool for continuing medical education 
and reducing heterogeneity in access to training across 
countries. The diverse findings suggest that modality 
alone is not the sole issue; for example, a recent study 
comparing traditional vs. online learning [44] suggests 
interactivity may matter.

The studies reported a number of challenges related 
to the online format in general. One highlighted that 
training of healthcare providers can be more difficult in 
time constrained and low-resource settings due to lim-
ited accessible equipment, inadequate environment and 
competing interests [28]. Another found that augmented 
reality smartphone apps may not provide the extensive 
information needed for complex content [29]. The senior 
doctors were not as pleased as their less-experienced col-
leagues with the web-based format of the learning [35]. 
Online training options, while notionally attractive and 
accessible, are not likely to have high levels of uptake as 
they require more commitment, activity, and dedication 
[38]. Although there are challenges with online learning, 
the included studies also emphasized the opportunities 
it provides, e.g. making knowledge more accessible to a 
wider population and making it more flexible for health A
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professionals with heavy workloads to learn at their own 
pace [36, 39, 47].

Although we categorize and present the interventions 
in the three modalities, it is important to note that many 
of the challenges and opportunities we found are shared 
by all modalities. Because of this, it is not possible to 
highlight a single modality that is best in all situations 
– rather, they each have different affordances in relation 
to important considerations such as learner flexibility 
or programme scalability. Online learning as self-study 
offers almost complete learner flexibility and programme 
scalability – but it lacks important elements of individu-
alized feedback, collaborative learning, and the motiva-
tion that learners and teachers can experience when they 
are together in the same room at the same time. Blended 
learning tries to balance the advantages of being together 
with the flexibility of learning online. This blend can 
take many forms, and rather than a single pedagogical 
approach, it should probably be considered a spectrum of 
approaches inhabiting the space between campus learn-
ing and online self-study.

Relevance to Indian context
The review showed that most of the literature is from 
high-income countries like the United States, United 
Kingdom, Australia, and Spain. Only very few studies 
describe educational interventions set in LMICs, and 
none of them were from India. It is, however, impor-
tant to point out that the category LMIC is very broad, 
including both countries in sub-Saharan Africa, as well 
as countries like Türkiye and Thailand. This entire spec-
trum is also present within India. Despite the great diver-
sity within India, the high-income setting of most of the 
described interventions limits their direct applicability 
in many of the most underserved Indian contexts, where 
the health professions, education systems, and health 
care systems in general already have significantly fewer 
resources. We hope, however, that the experiences from 
other countries can serve as inspiration for educational 
interventions and research which is tailored to the needs, 
challenges, and opportunities that are relevant to India.

In an Indian context, the main advantage of online 
learning is the flexibility to reach people in rural areas, 
especially for in-service training of health professionals 
who are no longer residing close to a medical or nurs-
ing college. This flexibility is even more pronounced 
with online self-study training. The advantages of online 
learning are beginning to be recognised in India. During 
the last decade, the digital education platform has seen 
a perceptible growth in India. Several public and private 
organizations and entities have started providing digital 
training for capacity building of healthcare professionals 
especially in terms of NCDs. Different types of courses 
are offered in the form of online or blended learning. 

However, it is important to note, that the use of digital 
education and training in rural areas comes with its own 
set of challenges in relation to lacking connectivity and 
insufficient technical infrastructure. Furthermore, the 
significant linguistic and cultural diversity of India, also 
influences how well digital education interventions can 
scale. Nonetheless, with the NEP 2020 focusing on digi-
tal and equitable education among health care profes-
sionals and the post-pandemic time period, the courses 
offered digitally have increased severalfold. Introducing 
such courses in The National Programme for Prevention 
& Control of Non-Communicable Diseases (NP-NCD) 
could help India address shortages and skewed distribu-
tions of its health workforce. Also, with the introduction 
of MOOCs and EdTech investments in the last decade, 
many leading universities and schools of public health 
are hosting NCD courses, which are available for learn-
ers in the Indian subcontinent and worldwide. These 
are primarily aimed at medical doctors, with just very 
few targeting nurses. Many of the courses that are open 
to nursing are open to almost all sections of health care 
workers.

Examples of digital training in India mainly focus 
on diabetes education and are provided by the gov-
ernment through public institutions as well as private 
organizations. Some examples of online training on dia-
betes through government institutions include through 
National Institute of Public Health Training and Research 
(NIPHTR) and Christian Medical College (CMC) Vellore 
[48, 49]. In addition to these, various organizations have 
partnered to provide quality training courses on diabe-
tes. One such example is an online certification course 
in diabetes by British Medical Journal & Fortis C-DOC, 
endorsed by The Royal College of Physicians (RCP), Lon-
don [50]. Another example is an online training on diabe-
tes targeted at primary care physicians offered by Public 
Health Foundation of India (PHFI). PHFI has developed 
the capacity of more than 15,000 primary care physicians 
with its various diabetes-related capacity-building pro-
grams since 2010 in collaboration with academic partners 
like Dr. Mohan’s Diabetes Education Academy (DMDEA) 
[51]. There are numerous examples of online courses on 
diabetes education that have been started in recent times 
[52, 53]. However, these trainings through online learn-
ing have rarely been evaluated and there is a lack of lit-
erature examining the effectiveness of such programs.

However, India faces some challenges to online learn-
ing as well. The adherence to course curriculum and 
retention rates will vary according to different health 
professionals of different geographical regions. Techno-
logical issues like internet connectivity, limited computer 
skills, and out-of-date software or hardware can have 
direct effects on the participation of health profession-
als. Also, there might be reluctance in the case of senior 
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professionals to learn from their junior colleagues in 
instructor-based online learning [35].

Strengths and limitations
This review is a diverse contribution from a team of 
Indian and non-Indian authors.

Our review includes a wide range of study designs and 
methodologies.

The review synthesizes evidence on an emerging topic 
in Lower Income Countries and provides evidence for 
further research.

We did not systematically employ dual independent 
screening and data extraction.

We did not conduct a formal assessment of the qual-
ity of the included literature. However, this is typical of 
scoping reviews [19], and also, the value of the insights 
we gained from the included studies was not necessarily 
bound to the quality of their findings.

To focus on current forms of digital teaching and learn-
ing we chose to limit our search to research published 
since 2017. Including older publications, or those in the 
grey literature, may have yielded further evidence that 
could have had relevance to our objectives.

Conclusion
Digital education related to NCDs has proven to be 
beneficial for both in- and pre-service health profes-
sionals. Digital education may also offer an effective 
way to bypass geographical barriers that can be utilized 
for capacity building of the existing health workforce 
especially in relation to NCDs. Despite these positive 
attributes, and an increased openness to learning and 
collaborating online, digital education faces many chal-
lenges for its successful implementation in the Indian 
context. Owing to the multi-lingual and diverse health 
professional ecosystem in India, there is a need for strong 
evidence and guidelines based on prior research in the 
Indian context. Rigorous research in the form of evalu-
ation, quasi-experimental studies or RCTs needs to be 
done in order to address the challenges and uncover 
potentials for online learning in India.
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