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Online eLearning for undergraduates in health 
professions: A systematic review of the impact 
on knowledge, skills, attitudes and satisfaction

Background Health systems worldwide are facing shortages in 
health professional workforce. Several studies have demonstrated the 
direct correlation between the availability of health workers, cover-
age of health services, and population health outcomes. To address 
this shortage, online eLearning is increasingly being adopted in 
health professionals’ education. To inform policy–making, in online 
eLearning, we need to determine its effectiveness.

Methods We performed a systematic review of the effectiveness of 
online eLearning through a comprehensive search of the major da-
tabases for randomised controlled trials that compared online eL-
earning to traditional learning or alternative learning methods. The 
search period was from January 2000 to August 2013. We included 
articles which primarily focused on students' knowledge, skills, sat-
isfaction and attitudes toward eLearning and cost-effectiveness and 
adverse effects as secondary outcomes. Two reviewers independent-
ly extracted data from the included studies. Due to significant het-
erogeneity among the included studies, we presented our results as 
a narrative synthesis.

Findings Fifty–nine studies, including 6750 students enrolled in 
medicine, dentistry, nursing, physical therapy and pharmacy stud-
ies, met the inclusion criteria. Twelve of the 50 studies testing knowl-
edge gains found significantly higher gains in the online eLearning 
intervention groups compared to traditional learning, whereas 27 
did not detect significant differences or found mixed results. Eleven 
studies did not test for differences. Six studies detected significantly 
higher skill gains in the online eLearning intervention groups, whilst 
3 other studies testing skill gains did not detect differences between 
groups and 1 study showed mixed results. Twelve studies tested stu-
dents' attitudes, of which 8 studies showed no differences in attitudes 
or preferences for online eLearning. Students' satisfaction was mea-
sured in 29 studies, 4 studies showed higher satisfaction for online 
eLearning and 20 studies showed no difference in satisfaction be-
tween online eLearning and traditional learning. Risk of bias was 
high for several of the included studies.

Conclusion The current evidence base suggests that online eLearn-
ing is equivalent, possibly superior to traditional learning. These 
findings present a potential incentive for policy makers to cautious-
ly encourage its adoption, while respecting the heterogeneity among 
the studies.

Electronic supplementary material:  
The online version of this article contains supplementary material.
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Health care workers are central to any health system; their 

activities are aimed at enhancing the health of the commu-

nity, nation or region in general. However, these profession-

als are distributed unevenly across the globe; countries with 

lower relative need have the highest numbers of health 

workers, while those with the greatest burden of disease 

have a much smaller health workforce. The health worker 

crisis is at its worst in sub–Saharan Africa and Asia. Inci-

dentally, countries in this region are facing a double burden 

of both infectious and non–communicable diseases [1], 

and they lack the funds, technology, infrastructure and 

trained health workers needed to provide basic health care 

service [2]. At this juncture; the WHO estimates a shortage 

of 7.2 million doctors, nurses, midwives and other health 

care professionals worldwide [3]. Addressing this shortfall 

in health care professionals through training requires a sub-

stantial investment.

Meanwhile, the Internet and the development of informa-

tion technologies have revitalized the exchange of informa-

tion and training worldwide. Consequently, eLearning is 

used increasingly in medical and health professional edu-

cation, to tackle the global shortage of health workers. eL-

earning is “an approach to teaching and learning, repre-

senting all or part of the educational model applied, that is 

based on the use of electronic media and devices as tools 

for improving access to training, communication and in-

teraction and that facilitates the adoption of new ways of 

understanding and developing learning” [4]. It does not 

only differ from traditional learning (ie, face–to–face learn-

ing that takes place in a classroom environment) in the me-

dium by which learning is delivered [5], but also affects the 

teaching and learning approaches used. eLearning can take 

the form of a full eLearning approach, which is entirely 

driven by technology, or be a mix of the traditional and 

fully computer–based methodologies (blended learning). 

Blended learning might be more suitable for health care 

training because of the need to combine hands–on skills–

based training at a practical level as well as self–directed 

learning [6–10].

Lately, eLearning has started to make way into the devel-

oping countries and is believed to have huge potential for 

governments struggling to meet a growing demand for ed-

ucation while facing an escalating shortage of teachers [11]. 

However, in both the developing and non–developing 

countries, network connectivity and bandwidth availabil-

ity are the key obstacles to the effective delivery of online 

eLearning [5,12]. Despite this, eLearning presents many 

opportunities for universities, including the reduction of 

the delivery costs [13], increased scalability [14], improved 

access and availability by removing geographical and tem-

poral barriers and allowing access to relevant experts and 

novel curricula [15].

Online eLearning represents a further evolution of com-
puter–assisted or computer based or offline eLearning and 
is an important tool in medical training and may transform 
the way medicine is taught [16]. In the recent years, near-
ly all medical schools in the USA and Canada employ on-
line course materials [17]. eLearning could be full or blend-
ed, full eLearning can be distributed geographically and/or 
temporally, and communication between student and 
teacher is handled electronically. This manuscript focuses 
on online eLearning; systematic review of offline eLearning 
is published in a parallel article [18].

Online eLearning approaches varied widely in configura-
tion (tutorial, asynchronous discussion, live conferencing, 
etc.), instructional methods (eg, practice exercises, cogni-
tive interactivity) and presentation [17]. The majority of 
reviews of effectiveness of online eLearning included ob-
servational studies with several methodological deficiencies 
[16,17,19–22]. This systematic review aims to evaluate the 
effectiveness of online eLearning from randomised con-
trolled trials conducted among undergraduate health pro-
fessionals, specifically looking at its impact on students’ 
knowledge, skills, attitudes and satisfaction.

METHODS

We conducted a systematic review following the Cochrane 
methodology [23].

Search methods for identification of 
studies

Electronic searches. We limited our electronic searches to 
records published on or after the year 2000 in order to 
highlight recent developments. We developed a search 
strategy for MEDLINE (OvidSP) using a combination of 
keywords and MeSH terms that captured the types of in-
tervention and the types of participants under evaluation 
in this systematic review (Table 1). We adapted the search 
strategy for use in EMBASE (OvidSP), PsycINFO (Ovid 
SP), Cochrane Central Register of Controlled Trials (CEN-
TRAL), Web of Science, and Educational Resources Infor-
mation Center (ERIC) (ProQuest). Where available, we 
used validated methodological filters to limit our searches 
to Randomised Controlled Trials (RCTs) and cluster RCTs 
(cRCTs). We ran the searches in August 2013.

Searching other resources. We checked reference lists of 
the included studies and systematic reviews of the literature 
identified by our electronic searches for additional studies.

Inclusion criteria

Types of studies and participants. We included studies 
published in any language on students of (i) undergradu-
ate, health–related university degrees; or (ii) basic, health–
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related vocational training programmes. We defined un-
dergraduate education or basic vocational training as any 
type of study leading to a qualification that: (i) is recognised 
by the relevant governmental or professional bodies of the 
country where the studies were conducted; and (ii) entitles 
the qualification–holder to apply for entry level positions 
in the health care workforce. For this reason, graduate 
medical education courses from the USA were included.

We considered studies on candidates for and holders of the 
qualifications listed in the Health Field of Education and 
Training of the International Standard Classification of Ed-

ucation (ISCED–F) [24], except studies on students of tra-
ditional and complementary medicine. We hence included 
students reading dental studies, medicine, nursing and 
midwifery, medical diagnostic and treatment technology, 
therapy and rehabilitation, or pharmacy. Medicine and 
dentistry were classified under the umbrella term allied 
health professions.

Types of intervention. First, we conducted a systematic 
mapping of the types of technologies used by the included 
studies to deliver the learning materials, through which we 
identified 6 broad categories of eLearning interventions, 
based on the technologies employed: (1) Offline comput-
er–based eLearning, (2) Online and local area network–
based eLearning, (3) Psychomotor skills trainer, (4) Virtu-
al reality environments, (5) Digital game–based learning 
and (6) mLearning. We allocated each included study to 
the category that fitted the study best. Please refer to On-
line Supplementary Document for a definition of these 
categories.

We only included studies in which online eLearning inter-
ventions were used to deliver the learning content, studies 
were categorized as online eLearning if the delivery of the 
learning content was done through the internet or intranet 
connections. Only studies that compared online eLearning 
or blended eLearning methods to: (i) traditional learning; (ii) 
an alternative eLearning or blended learning method; or (iii) 
no intervention was eligible for inclusion. These studies 
could either be studies where eLearning was the sole means 
by which the intervention was delivered or where eLearning 
was part of a complex, multi–component intervention.

Types of outcome measures. To be eligible for inclusion, 
studies had to report at least 1 of the following primary or 
secondary outcomes.

Primary outcomes: (1) Students’ knowledge, measured us-
ing any validated or non–validated instrument (eg, pre– 
and post–test scores, grades, perceived knowledge survey 
scores); (2) Students’ skills, measured using any validated 
or non–validated instrument (eg, pre– and post–test scores, 
time to perform a procedure, number of errors made whilst 
performing a procedure, perceived up–skilling); (3) Stu-
dents’ satisfaction and attitudes towards eLearning, mea-
sured using any validated or non–validated instrument (eg, 
self–efficacy, satisfaction, acceptability).

Secondary outcomes: (1) Health economic properties of 
the interventions (eg, implementation cost, return on in-
vestment); (2) Adverse and/or unintended effects of eL-
earning (eg, potential feelings of depression and loneliness, 
dropout risks [25] and “computer anxiety” [26]).

We only considered studies to have measured students’ sat-
isfaction and attitudes towards eLearning if they met all of 
the following criteria: (i) they compared the differences be-

Table 1. Search strategy for use in MEDLINE (Ovid SP)*
1. exp Education, Distance/
2. educat$.mp.
3. learn$.mp.
4. train$.mp.
5. instruct$.mp.
6. 2 or 3 or 4 or 5
7. “computer assisted”.mp.
8. Internet.mp
9. distance.mp.

10. web.mp.
11. online.mp.
12. virtual.mp.
13. “mobile phone”.mp.
14. “cell$ phone”.mp.
15. smartphone
16. smart–phone
17. 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16
18. 6 adj3 17
19. exp Computer–Assisted Instruction/
20. eLearning.mp.
21. e–Learning.mp.
22. mLearning.mp.
23. m–Learning.mp.
24. “virtual learning environment”.mp.
25. 1 or 18 or 19 or 20 or 21 or 22 or 23 or 24
26. exp Education, Medical, Undergraduate/
27. exp Education, Nursing/
28. exp Medical Staff/
29. exp Physicians/
30. doctor?.mp.
31. physician?.mp.
32. exp Physician Assistants/
33. exp Nurses/
34. nurse?.mp/
35. exp Nurses’ Aides/
36. exp Allied Health Personnel/
37. exp Community Health Workers/
38. exp Health Personnel/
39. exp Health Manpower/
40. 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 

or 37 or 38 or 39
41. 25 and 40
42. Randomized controlled trial.pt.
43. Controlled clinical trial.pt.
44. Randomized.ab.
45. Placebo.ab.
46. Drug therapy.fs.
47. Randomly.ab.
48. Trial.ab.
49. Groups.ab.
50. 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49
51. exp animals/ not humans.sh.
52. 50 not 51
53. 41 and 52
54. Limit 53 to yr = ”2000 –Current”Correspondence to:

*Source: Ovid MEDLINE® In_process& Other Non–Indexed Citations 
and Ovid MEDLINE® 1946 to Present. Date of search: 16 August 2013, 
09:53. Limits: Year – 2000. Filter: Cochrane Highly Sensitive Search Strat-
egy for identifying randomized trials in MEDLINE: sensitivity–maximiz-
ing version (2008 revision); Ovid format.
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tween intervention and control groups for these outcomes; 
(ii) the content of the survey questionnaires related to the 
teaching method (ie, eLearning method, blended learning, 
or traditional learning); and (iii) the adjectives used in the 
survey questionnaires accurately described attitudes and/
or satisfaction.

Study selection and data collection

The study selection process is summarised in the PRISMA 
flow diagram (Figure 1). In brief, we screened the titles 
and abstracts of the citations identified by our electronic 
and manual searches to identify potentially relevant stud-
ies, of which we assessed the full–text report to ensure they 
meet the inclusion criteria we specified. Review authors 
completed these tasks independently and met to compare 
their results and reach consensus.

Every selected study was allocated to a pair of review au-
thors, with 10 review authors participating in total. Each 
review author independently extracted data from the in-
cluded studies using the structured data extraction sheet 
shown in Online Supplementary Document.

Each pair of reviewers compared their completed data ex-
traction forms and any discrepancies between review au-
thors’ results were resolved through discussion; if no agree-
ment could be reached, a third review author acted as an 

arbiter. Because 10 review authors participated in the data 
extraction process, some categories were interpreted differ-
ently by some reviewers. Therefore, 3 reviewers went over 
the entire data extraction again to ensure uniformity.

We contacted authors of studies containing incomplete 
data to request the missing information. Some authors did 
not reply to our request for additional information, whilst 
other authors did not know the answer to our questions. 
For 1 study the response obtained from the author resulted 
in the subsequent exclusion of the study from the system-
atic review.

Assessment of risk of bias in included 
studies

During the data extraction process, we assessed the risk of 
bias at the outcome level using tools recommended by the 
Cochrane Collaboration [23]. For RCTs, we did so across 
the domains of (1) random sequence generation, (2) allo-
cation concealment, (3) blinding of participants and per-
sonnel, (4) blinding of outcome assessment, (5) incomplete 
outcome data, (6) selective outcome reporting, and (7) oth-
er bias including the comparability of intervention and 
control group; characteristics at baseline; validation of out-
come assessment tools; reliability of outcome measures; 
and protection against contamination.

We assessed the risk of bias for cRCTs across 
the domains of (1) recruitment bias, (2) base-
line imbalances, (3) loss of clusters and (4) in-
correct analysis. For each study, 2 reviewers 
independently categorised each domain as low, 
high or unclear risk of bias.

Summarising the data

We qualitatively compared the characteristics 
of the participants and of the interventions be-
tween the included studies to determine the 
feasibility of conducting a meta–analysis. Be-
cause of substantial clinical, educational, con-
tent and methodological heterogeneity we did 
not conduct a meta–analysis. Instead, we ad-
opted a thematic summary approach [27].

RESULTS

12 208 reports were identified from database 
screening of which 309 were retrieved for full–
text evaluation of which 207 studies met the 
inclusion criteria (Figure 1). Fifty–nine arti-
cles [25–82] complied with the term internet 
and local area network or online eLearning 
(see Online Supplementary Document for 
detailed description) and were included in the 

 

 12208 records identified from database 
searching 

9091 records after removal of duplicates 

3117 duplicates excluded 

309 records included for full text reading 

8780 records excluded after screening  
of title and abstract  

70 eligible articles were included 

102 records excluded after full text 
reading 

59 articles (60 trials) had relevant 
interventions and outcomes and were 
included in the analysis 

207 eligible articles were included 59 classified as offline eLearning 
78 classified as simulation based 
eLearning 

11 articles excluded from online 
eLearning.  
Reasons for exclusion: 
– Three studies awaiting author 

response,  insufficient data for 
analysis  

– Two had no comparison group 
– One had participants that were not 

undergraduate students 
– One had an intervention that was 

not eLearning 
– One had a duplicate publication 
– Three had a design that was not 

RCT or cluster RCT 

Figure 1. Flowchart of the studies included in the review.
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analysis. One study [83] involved students in 2 consecu-
tive RCTs that were analysed separately (Ainsworth 2012A, 
Ainsworth 2012B). Thus the total number of evaluated tri-
als was 60.

Included studies

All studies were published in peer reviewed journals be-
tween 2000 and 2013 except 1 dissertation [81]. All in-
cluded studies were parallel RCTs or cRCTs. The included 
number of RCTs and cRCTs suggests an increase in the 
number of publications after 2007 as eighteen of the in-
cluded studies (30%) have been published between 2000 
up and 2007 (ie, 8 years). The remaining 42 studies (70%) 
have been published in the shorter time interval between 
2008 and mid 2013 (ie, 5.5 years). Out of all 60 included 
studies, 33 studies investigated eLearning in the field of 
medicine [26,28,32,34–36,38–41,44,45,49,50,54,58–
62,64–70,72,75,77,78,80,82]. Eleven of the articles [25,2
7,33,42,43,53,56,74,76,79,83] were exclusively from 
nursing, 3 [55,57,81] were within the field of physical ther-
apy, whereas 3 other studies within pharmacy [30,31,71]. 
Nine studies [29,37,46–48,51,63,73] investigated eLearn-
ing for dentistry students. Additionally, 1 article [52] dealt 
with medicine, nursing, and physical therapy while the re-
maining study recruited university students, but did not 
define their discipline [81].

Participant characteristics

The total number of participants included across all trials 
was 6750 participants. The study with the smallest control 
group had 10 participants [77] whereas the largest control 
group had 249 participants [55]. The study with the small-

est intervention group had 10 participants [33], while the 
largest intervention group had 349 participants [55]. Most 
studies were conducted among undergraduate university 
students apart from 9 studies [27,29–31,33,42,53,54,79] 
that investigated the effect of network–based eLearning for 
vocational training. Out of the 20 (33%) studies 
[30,32,33,40,45,47–49,52,53,55,57,64,65,71,73,75, 
76,83] that specified the age of the students, the lowest 
mean age of participants in a control group was 20.0 years 
[55] and the oldest was 30.0 years [76]. The lowest mean 
age in an intervention group was 19.9 years [75] and the 
highest was 30.0 years [76].

Intervention characteristics

Fifty studies compared eLearning to traditional learning, 
and 10 studies [26,35,36,45,46,61–63,66,74] compared 
1 mode of eLearning to another mode of eLearning. The 
duration of exposure ranged from 9.05 minutes to 9 
months [83]. Most of the studies (51 out of 60,85%) were 
conducted exclusively in high income countries. Seven 
studies were conducted solely in low– to middle–income 
countries: 2 in Brazil [25,26]; 2 in China [38,56]; 1 in Thai-
land [33]; and 2 in the Chinese Taipei [27,42]. One study 
[52] was conducted simultaneously in Brazil and the USA 
(Figure 2).

The majority of the studies used a website to present the 
learning material to the participants as part of their inter-
vention [25–34,37–46,48–66,68–80,82,83]. Three studies 
[35,36,47] used a spaced education intervention, ie, an in-
tervention in which the educational exposures are spaced 
and repeated over time [35]. In these studies the learning 
material was presented via email on a regular basis [35,36, 

Figure 2. Country of origin of included, examined studies for low– and middle–in-
come and high income countries separately.

www.jogh.org •  doi: 10.7189/jogh.04.010406 5 June 2014  •  Vol. 4 No. 1 •  010406



V
IE

W
PO

IN
TS

PA
PE

RS
George et al.

47]. One study used video conference lectures as an inter-
vention [67], and 1 study used a visual concept map [81].

Primary outcomes

Students’ knowledge assessment. The knowledge gained 

from the exposure to the intervention was assessed in a 

number of different ways in the included studies. Overall, 

53 [25–27,29–33,35–46,48–52,54,56–67,69,70,72–83] 

out of the 60 studies looked at a knowledge as an outcome. 

Nineteen of these studies [25,32,35,40,43,45,48–50,56, 

57,60,69,72,74,75,77,80,82] used only multiple choice 

questions (MCQs) to test students’ knowledge and under-

standing. Six studies used MCQs as a knowledge assess-

ment tool together with an adaptive spaced test [36], gap 

text questions [51], matching and short answer questions 

[61], open ended and true/false questions [64], short essay 

questions [81] and a key features test [59].

Seven studies reported using test questions [31,39,40,44,67, 

70,78] to assess knowledge of study participants. Six other 

studies used open ended [30,33,63,66] or Likert type ques-

tionnaires [29] or even “fill in the blank” questions [73]. 

The rest of the studies measured students’ knowledge gain 

via other testing means including general numeracy tests 

[83]; written exams [41,46,58,65]; independent observers’ 

assessment [79]; cognitive assessment instruments [54]; 

surgical knowledge test scores [76]; a Diagnostic Thinking 

Inventory and individual students’ performance in solving 

clinical reasoning problems [38]; a modified version of the 

Dartmouth Sleep Knowledge and Attitudes survey [62]; an 

interactive evaluation about melanoma [26]; an orthodon-

tic examination form for each patient [37]; or some form 

of a knowledge assessment scale or checklist [42,52,68].

Students’ skills assessment. Skills were evaluated in 16 

studies [28–30,32–34,39,42,53,55,57,63,68,69,71,72] 

using various methods to assess the outcome. Nine studies 

[33,34,42,55,63,68,71,72] used a rating scale and/or 

checklists (eg, an OSCE) to assess clinical skills. One study 

[53] used a search skills test, another 1 [29] a Likert type 

questionnaire while 3 studies evaluated students skills 

through written assessments such as data collection sheets 

[30], written case analysis [41] and open questions on stan-

dardised tasks [32]. Finally, 1 study [28] measured the de-

gree of new skills acquisition by using a self–assessment 

report whilst another [39] measured the time that students 

made to complete the assigned exercise.

Students’ satisfaction and attitudes towards eLearning. 

Feedback from students assessed as their attitude towards 

the eLearning intervention was reported as an outcome in 

a total of 14 studies [28,29,32,33,43,45,48,49,54–56,63, 

64,72]. In all of these, students’ attitude was measured by 

questionnaires.

Student satisfaction was considered as an outcome in 33 
studies [25,32–34,37–41,43,46–48,50–52,55,57–61,64–
66,68,69,73–76,80,82]. Seventeen of these studies 
[33,34,38,40,51,52,55,57,59,61,64–66,68,73,75,76] 
mentioned that student satisfaction was evaluated with Lik-
ert scale questionnaires. The 16 remaining studies compar-
ing student satisfaction among the students [25,32,37,39, 
41,43,46–48,50,58,60,69,74,80,82] used different types 
of questionnaires or surveys without mentioning the use of 
Likert scales.

Secondary outcomes

Cost–effectiveness of the eLearning interventions. 
Cost–effectiveness or cost–benefit or cost–utility of eLearn-
ing interventions were not assessed in any of the studies, 
however, some of the studies mentioned several financial 
and resource related elements of eLearning.

Buzzell et al. [54] mentioned that in the future many ex-
perts would be involved in content generation for their re-
spective disciplines and that content could be shared online 
among their disciplines. Thus the online content develop-
ment and delivery would not need the involvement of 
many faculty at all stages of content development and in 
turn educational institutions would be cost efficient. Stain 
et al. [67] mentioned that the costs of setting up videocon-
ferencing were comparable to the costs of live lectures after 
an initial hardware investment of less than US$10 000. 
Stewart et al. [68] cited a paper saying that reduction of 
instructor training time, labour costs and institutional in-
frastructure could result in significant cost–efficiency. Tou-
mas et al. [71] mentioned in the discussion that using the 
Internet leads to “reduced costs in terms of tutor–led work-
shops and is more efficient, enabling more complex topics 
to be covered in workshops”. Hauer et al. [34] deduced 
that the video cases were cheaper than the mini–CPX (Clin-
ical Performance Evaluation) examination they used. An 
in–person examination of a class of 150 students cost ap-
proximately US$ 5400, which did not yet include Clinical 
Skills Centre maintenance costs, costs of case development 
and payment of Centre staff. In contrast, plain technologies 
as video cases were produced at a total cost of US$ 2200. 
Besides, the video cases could be reused freely, whereas the 
in–person mini–CPX requires annual purchase of a license.

In contrast, Fleming et al. [73] mentioned that the devel-
opment of web–based or Computer Assisted Instruction is 
expensive in terms of time and energy spent. Phadtare et 
al. [52] made a general comment on the potential lack of 
necessary infrastructure and “new” costs associated with 
online courses.

Adverse and/or unintended effects of eLearning. Ad-
verse or unintended events of the eLearning intervention 
were not reported in any of the studies.
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Excluded studies

Initially, 65 studies were categorised as online eLearning 
studies. We reclassified 2 studies [84,85] as non–net-
worked computer–based because their eLearning interven-
tions could be fully functional even without network tech-
nologies’ support. Three studies [86–88] were excluded 
because of insufficient data while another [35] was exclud-
ed as a duplicate paper. Seven studies [89–95] were ex-
cluded during the data extraction process, just before the 
analysis, because they met 1 or more of the exclusion cri-
teria. Four of these 7 studies [91,92,94,95] were excluded 
because their study design was not a parallel or cRCT eg, 
a cross–over design [94]. Two studies [89,93] were exclud-
ed because they did not include comparison groups for the 
eLearning intervention eg, 2 different blended teaching 
methods using a common eLearning intervention in ex-
actly the same way [93]. Finally, 1 study [90] used an eL-
earning intervention which was considered ineligible for 
our study ie, electronic voting during the lecture [90].

Risk of bias in the included parallel RCTs

Thirty–one of the studies were considered to be at high risk 
of bias.[25,33,34,36,38–41,44,49–51,53,55,57,60,62–
64,69,70,72,74–77,79–81,83]. Twenty–nine of the studies 
[26,30,32,35,43,48,52,54,56,59,61,65–67,73,78] had 1 
or more categories classified as an unclear risk of bias, es-
pecially regarding the allocation of participants to interven-
tion groups. There was only 1 study [47] with all the cat-
egories classified as low risk of bias (Figure 3 and 4). Risk 
of bias is described in detail in the Supplementary Online 
Document.

Effects of online eLearning interventions

The 60 randomized trials included in our review assessed 
the effectiveness of online eLearning interventions in terms 
of knowledge, skills, attitudes and satisfaction. The find-
ings were based on comparisons between online eLearning 
and traditional learning or between various modes of on-
line eLearning. A study may have compared more than 1 

Figure 3. Overall risk of bias graph.

Figure 4. Risk of bias for each 
individual parallel randomised 
controlled trial (RCT) 
separately.
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outcome between groups, and each outcome may have 
been assessed in multiple ways. For example, a study which 
compared students’ acquisition of skills may have assessed 
skills in terms of the student’s performance on a global rat-
ing scale, the ability to perform a specific procedure, as well 
as the ability to comply with the requirements in a check-
list. As a result, the number of comparisons made across 
studies for a particular outcome may exceed the number 
of studies which reported on that outcome. Only 2 studies 
[32,33] measured all specified outcomes of knowledge, 
skills, attitudes and satisfaction.

The studies were split into 2 research themes evaluating the 
impact of eLearning interventions for undergraduate health 
care education: traditional learning vs online eLearning, 
and online eLearning vs online eLearning.

Traditional learning vs online eLearning

Fifty of the 60 included studies (83%) compared online 
eLearning with traditional learning. [25,27–34,37–44,47–
58,60,64,65,67–73,75–83]. Table 2 presents the summa-
ry of the findings of the individual studies. Further descrip-
tion of the nature of the interventions is in the Online 
Supplementary Document.

Students’ knowledge. Amongst the 60 studies which com-
pared online eLearning with traditional learning, knowl-
edge was assessed in 43 RCT studies (86%) [25,27,29–
31,37–44,48–52,54,56–60,64,65,67,69,70,72,73,75–83] 
and 7 cRCT studies [27–29,31,42,58,71].

Twelve studies (27%) assessing knowledge gain demon-
strated significantly higher knowledge gains for students 
assigned to the online eLearning compared to those ex-
posed to traditional learning [31,41,49,51,52,56,60,70,72,
77,79,83]. Outcome measures for these studies were based 
on test items or questions [31,70], written case analyses 
[41], MCQs [50,51,56,60,72,77], the Six–subgroup Qual-
ity Scale (SSQS) [52], a general numeracy test [83] and in-
dependent assessments by evaluators [79]. The sample size 
of these studies ranged from 39 to 1475. Six of these 12 
studies were conducted on medical students [41,49,60,70, 
72,77], 3 among nursing students [56,79,83], 1 among 
dentistry students [51], 1 among pharmacy students [31], 
while 1 study [52] was conducted among medicine, nurs-
ing, and physical therapy students. Five of these studies 
used full online eLearning as the main intervention [49,52, 
70,77,79] whereas 7 used blended learning [31,41,51,56,60, 
72,83].

Post–intervention knowledge was not significantly differ-
ent between eLearning and traditional learning in 24 (48%) 
of the included studies [25,32,33,37,38,42–44,48,50,54, 
57–59,64,65,69,73,75,76,78,81,83]. Three studies [27,30, 
39] showed mixed results ie, favouring the intervention, 
control or neither 1 depending on the specific indicator of 

knowledge being assessed. In 1 (2%) study [82] knowledge 
was assessed but not tested for statistically significant dif-
ferences between the intervention groups.

Finally, there were 3 studies [29,30,80] that demonstrated 
significantly higher knowledge gains for students assigned 
to traditional eLearning compared to those exposed to on-
line eLearning. Two of these studies [29,80] used full on-
line eLearning as the main intervention while the other 1 
[40] used blended learning.

Students’ skills. Overall, 15 studies – 11 RCTs [30,32–
34,39,53,55,57,68,69,72] and 4 cRCTs [28,29,42,71] 
measured skills as outcome.

Of the studies that evaluated differences in skill acquisition, 
6 (40%) found significantly greater skill acquisition amongst 
students assigned to online eLearning [33,34,42,57,71,72]. 
The number of participants included in these studies ranged 
from 44 to 303. Two of these studies were conducted in 
medical students [34,72], 2 in nursing students [33,42], 1 
in physiotherapy students [57] and 1 in pharmacy students 
[71]. Four of these studies used traditional learning as their 
main intervention [34,42,57,71], whereas 2 used blended 
learning as the main intervention [33,72].

Three studies (21%) did not detect a significant difference 
in skill acquisition between groups [39,53,55]. One study 
[30] showed mixed results ie, favouring the online eLearn-
ing or the traditional learning group depending on the spe-
cific indicator of skills being assessed. This study had 3 
groups, comparing pharmacy students’ knowledge and 
ability to assess metered–dose inhaler (MDI) after a lecture 
based tutorial, a web–based tutorial and being provided no 
teaching on the topic at all. Finally, there was 1 study [69] 
that demonstrated significantly higher skill gains for stu-
dents assigned to traditional learning compared to those 
exposed to online eLearning. This study used full eLearn-
ing as the main intervention.

Students’ attitudes and satisfaction. Twelve studies 
(24%) – 10 RCTs [32,33,43,48,49,54–56,64,69,72] and 2 
cRCTs [28,29] – assessed attitudes as an outcome of the 
intervention through questionnaires.

Eight of these studies [29,32,33,43,49,50,54,56] (67%) 
did not find a statistically significant difference between the 
2 types of learning methods, or the study showed mixed 
results for online eLearning vs traditional learning depend-
ing on the test evaluated. Three studies [28,55,72] assessed 
attitude, but did not test for statistically significant differ-
ences between the intervention groups. None of the stud-
ies reported a significant result on student attitudes favour-
ing online eLearning interventions.

The remaining study (8%) [64] reported more positive at-
titudes towards the intervention in the traditional learning 
groups. This study used full online eLearning as the main 
intervention.
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Table 2. Summary of findings from the 50 studies which compared online eLearning with traditional learning

Study diScipline Knowledge SKillS Attitude SAtiSfAc-
tion

no. of 
pArticipAntS

intervention delivery ApproAch chArActeriSticS

Ainsworth 2011a [83] Nursing NS
Ainsworth 2011b [83] Nursing E
Arroyo–Morales 2012 
[57]

Physiotherapy NS E NS 46 Blended learning IG: Online tutorial (ECOFISIO) 
CG: Self–study

Baumlin 2000 [58] Medicine NS NS 100 Blended learning IG: Computer Assisted Instructions 
(EMCyber–School) 
CG: Lectures

Beeckman 2007[79] Nursing E 426 Full eLearning IG: 1 h eLearning program 
CG: 1 h lecture

Brettle 2013 [53] Nursing NS 77 Full eLearning IG: Online tutorial 
CG: 1 h face–to–face tutorial

Buzzell 2002 [54] Medicine NS NS 34 IG1: Full eLearning 
IG2: Blended learning

IG: Web–based tutorials 
IG2: Traditional lectures with web–
based tutorials 
CG: Traditional lectures

Cantarero2012 [55] Physiotherapy NS DNT DNT 50 Full eLearning IG: Online materials 
CG: access to books and documents

Chen 2007 [81] Undefined NS 145 IG1: Full eLearning 
IG2: Traditional learning

IG1: A visual advance organizer 
IG2: Text outline 
CG: Textbook reading without an 
advance organizer (AO)

Chen 2012 [27] Nursing M 146 Blended learning IG: Online tests 
CG: Group A: Paper references, 
Group B: No assistance

Cox 2008 [28] Medicine DNT DNT 138 IG1: Traditional learning 
IG2: Blended learning

IG1: Group discussion 
IG2: Website, Videos 
CG: Paper based, traditional learning 
materials

DeBate 2013 [29] Dentistry T DNT NS 608 Full eLearning IG: Online (computer and website) 
CG: Regular curriculum

Erickson 2003 [30] Pharmacy M M 42 IG1: Traditional learning 
IG2: Full eLearning

IG1: Lecture–based tutorial 
IG2: Web–based tutorial 
CG: No intervention

Fernandez 2011[76] Nursing NS NS 116 Full eLearning IG: Computer assisted learning 
CG: Face–to–Face lecture

Fleming 2003 [73] Dentistry NS NS 31 eLearning and traditional 
learning separately

IG: Slide/audiotape self–instruction 
and web–based self–instruction 
CG: Web–based self–instruction and 
slide/audiotape self–instruction

Flowers 2010 [31] Pharmacy E 79 Blended learning IG: Web–based Multimedia Vignettes 
CG: No Web–based Multimedia 
Vignettes

Friedl 2006 [32] Medicine NS DNT NS NS 126 Full eLearning IG: online multimedia course 
CG: Text books

Gerdprasert 2010 [33] Nursing NS E NS NS 84 Blended eLearning IG: Web, interactive graphics, 
animation 
CG: Traditional teaching

Hauer 2013 [34] Medicine E E 303 IG1: Full eLearning 
IG2: Traditional learning

IG: Web based module 
CG: Group work, role play.

Jenkins 2008 [78] Medicine NS 73 Blended learning IG: Internet–based tutorial 
CG: Lecture.

Juliani 2011[25] Nursing NS DNT 80 Full eLearning IG: Designing a schedule with 
internet 
CG: Designing a schedule without 
internet

Kandasamy 2009 [80] Medicine T NS 62 Full eLearning IG: Online CAI module 
CG: Review articles (Text based)

Komolpis 2002 [37] Dentistry NS NS 99 Full eLearning IG: Digital records on PC 
CG: Hardcopy records

Lee 2010 [38] Medicine NS NS 52 Blended learning IG: Web–based problems, workshop 
CG: No workshop

Leong 2003 [39] Medicine M NS NS 54 vs

325*

IGI: Full eLearning 
IG2: Full eLearning

IG1: Computer based cases (other 
than C1+C2) 
IG2: Computer based cases (C1+C2) 
CG: No Computer based cases
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Study diScipline Knowledge SKillS Attitude SAtiSfAc-
tion

no. of 
pArticipAntS

intervention delivery ApproAch chArActeriSticS

Lewis 2011 [40] Medicine T NS 39 Blended learning IG: Web–based MCQ's 
CG: Textbook resource

Lipman 2001[41] Medicine E NS 130 Blended learning IG: Website, books 
CG: Books, discussions

Lu 2009 [42] Nursing NS E 147 Blended learning IG: Lectures and interactive web–
based course 
CG: lectures only

Maag 2004[43] Nursing NS NS NS 96 IG1: Traditional learning 
IG2: Blended learning 
IG3: Blended learning

IG1: Text and image 
IG2: Text and image and animation 
IG3: Text, Image, Animation, and 
Interactivity 
CG: Text modules

Mahnekn 2010[44] Medicine NS 96 IG1: Blended learning 
IG2: Blended learning

IG1: eLearning, self 
IG2: eLearning, mandatory 
CG: No access to eLearning

Nkenke 2012 [48] Dentistry NS NS NS 42 Blended learning IG: Technology enhanced learning 
CG: Didactic lectures, PowerPoint 
presentation

Nkenke 2012[47] Dentistry NS 42 Blended learning IG: Spaced education 
CG: Lectures

Ochoa 2008 [49] Medicine E NS Full eLearning IG: Web–based interactive program

CG: Traditional text.
Palmer 2008 [50] Medicine NS DNT 130 IG1: Traditional learning 

IG2: Blended learning 
IG3: Blended learning

IG1: Written case–studies 
IG2: Clinical material + interactive 
computer–based case studies 
IG3: Clinical material + interactive 
computer–based case studies

Peroz 2009 [51] Dentistry E NS 85 Blended learning IG: Online education 
CG: PowerPoint, discussions

Phadtare2009 [52] Medicine; 
Nursing; 
Physiotherapy

E E 48 Full eLearning IG: Online materials 
CG: Off–line materials

Raupach 2009 [59] Medicine NS DNT 148 Blended learning IG: Web–based teaching module 
CG: face–to–face traditional lecture

Raupach 2010 [60] Medicine E E 74 Blended learning IG: Web–based module 
CG: Traditional lecture

Ricks 2008 [77] Medicine E 23 Full eLearning IG: Computer Assisted Learning 
group 
CG: No intervention

Smits 2012 [64] Medicine NS T NS 128 Full eLearning IG: Case based eLearning 
CG: Text based learning

Spikard 2002 [65] Medicine NS E 95 Full eLearning IG: Online lecture 
CG: Traditional learning

Stain 2005 [67] Medicine NS 12 vs 98* Full eLearning IG: Videoconference lectures 
CG: Conventional lectures

Stewart 2013 [68] Medicine DNT NS 71 Blended learning IG: Online access to learning content 
CG: Standard content

Stolz 2012 [69] Medicine NS T T 129 Full eLearning IG: Web–based training 
CG: Lectures

Subramanian 2012 
[70]

Medicine E 33 Full eLearning IG: Interactive medical software
CG: Lectures

Succar 2010 [82] Medicine DNT NS 147 Blended learning IG: Computer based training 
CG: Traditional teaching

Toumas 2009 [71] Pharmacy E 236 Blended learning IG: Internet–based Tutorial 
CG: Small group workshop

Truncali 2011 [72] Medicine E E DNT 141 Blended learning IG: Web–based Tutorial 
CG: Lectures

Wang 2009 [56] Nursing E NS 133 Blended learning IG: Online, self–learning 
CG: Traditional multimedia lecture

Yeung 2013 [75] Medicine NS NS 78 Blended learning IG: Computer–assisted learning 
CG: Text–/image–based learning 
(TBL)

E – Results favoured online eLearning over traditional learning, NS – No significant difference between online eLearning and traditional learning, MCQ 
– Multiple choice questions M – Mixed results, T – Results favoured traditional learning over online eLearning, DNT – Difference not tested, CG – Con-
trol group, IG – Intervention group

*Average number students exposed to videoconference lectures and conventional lectures, respectively.
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Student satisfaction was assessed in 28 RCTs [25,32–

34,37–41,43,47,48,50–52,55,57,59,60,64,65,68,69,73, 

75,76,80,82] and 1 cRCT [58].

Out of 29 studies looking at the level of student satisfaction, 

4 [34,52,60,65] (14%) found a significantly greater propor-

tion of students exposed to online eLearning who were sat-

isfied compared to those exposed to traditional learning. 

One of these 4 studies [60] compared blended learning with 

traditional learning, whilst the other 3 [34,52,65] used full 

eLearning interventions compared with traditional learning 

ones. Twenty studies (74%) did not detect any significant 

difference [32,33,37–41,43,47,48,51,57,58,64,68,74–

76,80,82] while in 4 studies satisfaction was assessed 

[25,50,55,59] but not tested for statistically significant dif-

ferences between the intervention groups.

There was 1 study [69] using full online eLearning as the 

main intervention that reported a statistically significant 

better student satisfaction in the traditional learning group.

Comparison of different types of eLearning 
against each other

Ten (18%) of the included studies [26,35,36,45,46,61–

63,66,74] compared the effectiveness of various modes of 

online eLearning against each other. Eight of these studies 

[26,35,45,46,61–63,74] compared groups of eLearning 

with different levels of student interaction. In 2 of them 

“interactivity” was also facilitated by collaborative tools, ie, 

online web chats [74] and discussion forums and online 

message systems [61].

Students’ knowledge. All of the 10 studies [26,35,36,45,46,

61–63,66,74] comparing various forms of online eLearning 

measured and reported their effects on knowledge.

Five studies observed a difference in results between dif-

ferent modalities of eLearning. In a study comparing an 

adaptive form of spaced education against a linear, repeti-

tive one [36], the adaptive eLearning intervention showed 

better results than its “passive” form. Another study show-

ing significant knowledge acquisition for an “active” eL-

earning intervention was Chao et al [26] where a linear 

educational environment (website) supported by comple-

mentary information (skin anatomy images) which users 

could access at will was compared to a non modified web-

site. Similarly, in 1 study [63] an eLearning intervention, 

allowing students to play a video back and forth at their 

will showed better knowledge gains in comparison to an 

eLearning intervention where the procedure was linear. In 

a study [61] on a “passive” type of eLearning, offering 

course material through conventional World Wide Web 

technology and by letting students engage with the instruc-

tor only by email resulted in higher knowledge gains in 

comparison to an interactive eLearning intervention where 

students could make use of all the learning tools of the Web 
CT (online proprietary virtual learning environment sys-
tem) [61]. A “passive” eLearning intervention showed fa-
vourable results also for Salas et al [62]. In this study, par-
ticipants in the “passive” eLearning group were solely 
provided with a list of random sleep facts and trivia pre-
sented in a PowerPoint format. The “active” eLearning in-
tervention consisted of an online, self–paced, sleep medi-
cine learning module.

Non statistical significant differences were found in 4 stud-
ies [35,45,66,74] comparing different online eLearning 
modalities. One study showed no difference in knowledge 
acquisition between eLearning modes [46].

Students’ skills. Skill acquisition was assessed in 1 study 
[63]. This study showed no significant differences in skills 
acquisition between the 2 different (active vs passive) eL-
earning modalities.

Students’ attitudes and satisfaction. Manikam et al. [45] 
and Schittek Janda et al. [63] were the only studies amongst 
the 10 studies comparing different eLearning modalities that 
assessed attitude. The study by Manikam et al showed no 
difference in students’ attitudes between the 2 eLearning 
modes. In this study a dummy learning package was com-
pared to the ABD learning package, ie, symptom–based de-
cision–making pathways software. Schittek Janda et al. re-
ported no significant differences in skills acquisition between 
the 2 different (active vs passive) eLearning modalities.

Four (40%) studies [46,61,66,74] compared the effects of 
different eLearning modes on student satisfaction. Two 
studies [46,61] showed no difference in students’ satisfac-
tion for the 2 eLearning modes. Frith et al. [74] reported 
that students in the group that used collaboratively a 6–
week Web–based course on cardiac rhythm interpretation 
supported by online chat software were more satisfied than 
students in the group who worked on the same course in-
dependently. In the study by Spickard et al. [66] students 
in the groups of the online lecture of power point slide pre-
sentation with audio narration were more satisfied than 
students in the group of the online lecture of power point 
slide presentation without audio narration.

DISCUSSION

Summary of main results

This systematic review reports on the effectiveness of on-
line eLearning for undergraduates in health professions. 
We found that online eLearning does lead to changes in 
knowledge, skills, attitude and satisfaction and seems to be 
more effective than traditional learning in terms of knowl-
edge and skills gained. Our findings are similar to previous 
reviews of online eLearning [21,22,96–100] and offline eL-
earning [18].
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In our review, 29% of the studies showed significantly 

higher knowledge gains, 40% of the studies showed sig-

nificantly greater skill acquisition, 67% of the studies 

showed no difference in attitude and 14% of the studies 

showed higher satisfaction with online eLearning than tra-

ditional learning. The participants in the included studies 

were from the fields of medicine, dentistry, pharmacy or 

medical allied studies enrolled at universities, with a small-

er number conducted at vocational training centres or col-

leges. Consequently, the results of this systematic review 

apply to students from similar disciplines, universities and 

colleges. The majority of the studies were conducted in 

high–income countries with exception of few [25,26,33, 

38,42,52,56,101] which were from low to middle income 

countries, hence these results are generalizable only to their 

corresponding settings.

The studies included in our review had a high degree of 

methodological, educational and clinical heterogeneity, 

similar to previous reports [21,22,96–100]. Knowledge as-

sessment was, for example, conducted using different test 

items or questions [31,70], written case analyses [41], 

MCQs [49,51,56,60,72,77] the Six–subgroup Quality 

Scale (SSQS) [52], a general numeracy test [83] and inde-

pendent assessments. Similarly, there was variability in the 

assessment of skills, attitudes and satisfaction across the 

studies. Hence pooling of effect estimates was not possible. 

Mode of online interventions varied across the studies, 

most of the studies used a website, while some used other 

interventions such as spaced education, video lectures or 

visual concept map. Furthermore, there were great varia-

tions in exposure time to the eLearning intervention. Fi-

nancial and resource related elements of eLearning was re-

ported only in 8 studies [34,52,54,59,67,68,71,73]. 

Nevertheless, none of the studies included a robust cost–

effectiveness analysis of eLearning vs traditional learning 

and therefore it is not possible to provide an assessment on 

cost–effectiveness of online eLearning. Furthermore, no 

studies reported on the adverse effects of online eLearning.

The overall quality of evidence included in this systematic 

review is not uniform and contains a significant number of 

studies with methodological weaknesses with only 1 high 

quality study [48]; similar findings were reported in previ-

ous reviews. [16,19,20,22,102,103] Most of the included 

studies did not adhere to the CONSORT guidelines for re-

porting of RCTs [104] and thus their risk of bias was un-

clear. Several of the included studies had high risk of bias 

due to volunteer [49,51,57,60,72,74,83] and attrition bias. 
[34,41,70,72,79]. Due to the weaknesses of most of the 
included studies a strong conclusion on whether there is a 
clear difference between online eLearning and traditional 
learning effectiveness that applies to the general population 
of learners cannot be drawn.

Our study has many strengths. The review was based on a 
thorough search of available literature which identified a 
large number of potentially eligible studies identified and 
synthesized by a multi–disciplinary international team and 
it offers a number of advantages over previous work in this 
area. The key strength is an attempt to combine breadth of 
scope in terms of widely defining eLearning and the range 
of health professions covered. The review encompasses all 
empirical studies (RCTs). To ensure data quality, article 
screening and data extraction was done independently by 
2 persons to avoid subjective bias, disagreements were re-
solved through discussion. The review included studies 
from both developed and developing countries and thus 
provides crucial information on the usage, effectiveness and 
applicability of online eLearning in these settings. Finally, 
the review used standard methods for systematic reviews 
and meta–analyses in accordance with preferred reporting 
items for systematic reviews and meta–analyses (PRISMA) 
which makes it transparent.

The review had a few limitations. The included studies had 
several methodological rudiments, we contacted the au-
thors to obtain necessary information for assessing the risk 
of bias for these studies, however due to time constraints, 
and it was not possible to contact all authors. Moreover, 
due to the lack of a uniform, standardized terminology for 
eLearning studies, we categorized studies as online eLearn-
ing (ie, local area network or web–based) and offline eL-
earning (ie, non–networked or computer based). Although 
we assigned each individual study to only 1 category, it is 
important to highlight that there might be some degree of 
overlap between categories as 1 form of technology may be 
built on another one.

In summary, this systematic review compares online eL-
earning and traditional learning in undergraduate health–
related students and consolidates current knowledge on 
the effectiveness of online eLearning. The evidence from 
the highest and the lowest quality studies indicates that on-
line eLearning is equivalent to and perhaps even more ef-
fective than traditional learning in terms of knowledge and 
skills gained. The generalization of these findings is limited 
only to the studied population in the review.

Online learning’s ubiquity provides a convenient and pos-
sibly a more cost–effective alternative to traditional learn-
ing and has great potential in supporting health care work-
force capacity building and competency development 
globally. This review highlights the need for improvements 
in the methodological design in future studies.

Implications for policy makers

The findings of this review present a potential incentive for 
policy makers to encourage adoption and the development 
of online eLearning programs. These online eLearning pro-
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grams could be useful in training health care professionals 
in countries with acute health care worker shortage, with-
out substantial investments. These online technologies if 
adopted earlier could help lower the burden of diseases by 
increasing the health care professional per capita. Though 
adoption of these online technologies would involve some 
initial start–up cost, it would be largely beneficial as the 
potential for the return on investment is high in terms of 
health gains and lives saved.

Implications for educational institutions

Online eLearning offers many opportunities. This review 
shows that eLearning is as effective as the traditional learn-
ing and with many advantages compared to traditional 
learning. The universities could adopt these technologies 

and could reach out to a wider audience within and out-
side their country, thus offering a tremendous growth op-
portunity for the educational institutions. Institutions 
could employ online eLearning to train their health work-
force without having to spend for their travel elsewhere 
within or outside their countries.

Implications for future research

The findings of the review have many implications for re-
search. Future evaluations of online eLearning should aim 
to answer many remaining research questions from inter-
vention design features to setting or modality for online 
eLearning, and build cost–effectiveness models. We should 
especially aim to strengthen the evidence base for develop-
ing countries.
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dríguez L. A blended learning approach to palpation and ultrasound imaging skills through supplementation 
of traditional classroom teaching with an e–learning package. Man Ther. 2012;17:474-8. Medline:22579034 
doi:10.1016/j.math.2012.04.002

  58  Baumlin KM, Bessette MJ, Lewis C, Richardson LD. EMCyberSchool An Evaluation of Computer-assisted In-
struction on the Internet. Acad Emerg Med. 2000;7:959-62. Medline:10958144 doi:10.1111/j.1553-2712.2000.
tb02083.x

  59  Raupach T, Muenscher C, Anders S, Steinbach R, Pukrop T, Hege I, et al. Web–based collaborative training of clini-
cal reasoning: a randomized trial. Med Teach. 2009;31:e431-7. Medline:19811180 doi:10.1080/01421590903095502

  60  Raupach T, Münscher C, Pukrop T, Anders S, Harendza S. Significant increase in factual knowledge with web–
assisted problem–based learning as part of an undergraduate cardio–respiratory curriculum. Adv Health Sci 
Educ Theory Pract. 2010;15:349-56. Medline:19774475 doi:10.1007/s10459-009-9201-3

  61  Romanov K, Nevgi A. Learning outcomes in medical informatics: Comparison of a WebCT course with ordi-
nary web site learning material. Int J Med Inform. 2006;75:156-62. Medline:16084757 doi:10.1016/j.ij-
medinf.2005.06.004

  62  Salas RE, Gamaldo A, Collop NA, Gulyani S, Hsu M, David PM, et al. A step out of the dark: Improving the 
sleep medicine knowledge of trainees. Sleep Med. 2013;14:105-8. Medline:23127578 doi:10.1016/j.
sleep.2012.09.013

  63  Schittek Janda M, Tani Botticelli A, Mattheos N, Nebel D, Wagner A, Nattestad A, et al. Computer-mediated 
instructional video: a randomised controlled trial comparing a sequential and a segmented instructional video 
in surgical hand wash. Eur J Dent Educ. 2005;9:53-8. Medline:15811151 doi:10.1111/j.1600-0579.2004.00366.x

  64  Smits PB, de Graaf L, Radon K, de Boer A, Bos N, van Dijk F, et al. Case–based e–learning to improve the at-
titude of medical students towards occupational health, a randomised controlled trial. Occup Environ Med. 
2012;69:280-3. Medline:22034545 doi:10.1136/oemed-2011-100317

  65  Spickard A, Alrajeh N, Cordray D, Gigante J. Learning about screening using an online or live lecture. J Gen 
Intern Med. 2002;17:540-5. Medline:12133144 doi:10.1046/j.1525-1497.2002.10731.x

  66  Spickard A, Smithers J, Cordray D, Gigante J, Wofford JL. A randomised trial of an online lecture with and 
without audio. Med Educ. 2004;38:787-90. Medline:15200403 doi:10.1111/j.1365-2929.2004.01824.x

  67  Stain SC, Mitchell M, Belue R, Mosley V, Wherry S, Adams CZ, et al. Objective assessment of videoconferenced 
lectures in a surgical clerkship. Am J Surg. 2005;189:81-4. Medline:15701498 doi:10.1016/j.amj-
surg.2004.04.012

  68  Stewart A, Inglis G, Jardine L, Koorts P, Davies MW. A randomised controlled trial of blended learning to im-
prove the newborn examination skills of medical students. Arch Dis Child Fetal Neonatal Ed. 2013;98:F141-
4. Medline:22684155 doi:10.1136/archdischild-2011-301252

  69  Stolz D, Langewitz W, Meyer A, Pierer K, Tschudi P, S’ng CT, et al. Enhanced Didactic Methods of Smoking 
Cessation Training for Medical Students—A Randomized Study. Nicotine Tob Res. 2012;14:224-8. Med-
line:22090454 doi:10.1093/ntr/ntr186

  70  Subramanian A, Timberlake M, Mittakanti H, Lara M, Brandt ML. Novel educational approach for medical 
students: improved retention rates using interactive medical software compared with traditional lecture–based 
format. J Surg Educ. 2012;69:253-6. Medline:22365876 doi:10.1016/j.jsurg.2011.12.007

  71  Toumas M, Basheti IA, Bosnic–Anticevich SZ. Comparison of small–group training with self–directed inter-
net–based training in inhaler techniques. Am J Pharm Educ. 2009;73:85. Medline:19777100 doi:10.5688/
aj730585

  72  Truncali A, Lee JD, Ark TK, Gillespie C, Triola M, Hanley K, et al. Teaching physicians to address unhealthy 
alcohol use: A randomized controlled trial assessing the effect of a Web–based module on medical student per-
formance. J Subst Abuse Treat. 2011;40:203-13. Medline:21094015 doi:10.1016/j.jsat.2010.09.002

  73  Fleming DE, Mauriello S, McKaig R, Ludlow J. A comparison of slide/audiotape and Web–based instructional 
formats for teaching normal intraoral radiographic anatomy. J Dent Hyg. 2003;77:27-35. Medline:12704967

  74  Frith KH, Kee CC. The effect of communication on nursing student outcomes in a web–based course. J Nurs 
Educ. 2003;42:350-8. Medline:12938897

  75  Yeung JC, Fung K, Wilson T. Prospective evaluation of a web–based three–dimensional cranial nerve simula-
tion. J Otolaryngol Head Neck Surg. 2012;41:426-36. Medline:23700589

  76  Fernández Alemán JL, Carrillo de Gea JM, Rodríguez Mondéjar JJ. Effects of competitive computer–assisted 
learning versus conventional teaching methods on the acquisition and retention of knowledge in medical sur-
gical nursing students. Nurse Educ Today. 2011;31:866-71. Medline:21255880 doi:10.1016/j.nedt.2010.12.026

  77  Ricks C, Ratnapalan S, Jain S, Tait G. Evaluating computer–assisted learning for common pediatric emergency 
procedures. Pediatr Emerg Care. 2008;24:284-6. Medline:18496110 doi:10.1097/PEC.0b013e31816ecb5c

  78  Jenkins S, Goel R, Morrell DS. Computer–assisted instruction versus traditional lecture for medical student 
teaching of dermatology morphology: a randomized control trial. J Am Acad Dermatol. 2008;59:255-9. Med-
line:18499299 doi:10.1016/j.jaad.2008.04.026

  79  Beeckman D, Schoonhoven L, Boucqué H, Van Maele G, Defloor T. Pressure ulcers: e-learning to improve clas-
sification by nurses and nursing students. J Clin Nurs. 2008;17:1697-707. Medline:18592624 doi:10.1111/
j.1365-2702.2007.02200.x

June 2014  •  Vol. 4 No. 1 •  010406 16 www.jogh.org •  doi: 10.7189/jogh.04.010406

R
E

FE
R

E
N

C
E

S

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22579034&dopt=Abstract
http://dx.doi.org/10.1016/j.math.2012.04.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10958144&dopt=Abstract
http://dx.doi.org/10.1111/j.1553-2712.2000.tb02083.x
http://dx.doi.org/10.1111/j.1553-2712.2000.tb02083.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19811180&dopt=Abstract
http://dx.doi.org/10.1080/01421590903095502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19774475&dopt=Abstract
http://dx.doi.org/10.1007/s10459-009-9201-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16084757&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2005.06.004
http://dx.doi.org/10.1016/j.ijmedinf.2005.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23127578&dopt=Abstract
http://dx.doi.org/10.1016/j.sleep.2012.09.013
http://dx.doi.org/10.1016/j.sleep.2012.09.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15811151&dopt=Abstract
http://dx.doi.org/10.1111/j.1600-0579.2004.00366.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22034545&dopt=Abstract
http://dx.doi.org/10.1136/oemed-2011-100317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12133144&dopt=Abstract
http://dx.doi.org/10.1046/j.1525-1497.2002.10731.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15200403&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2929.2004.01824.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15701498&dopt=Abstract
http://dx.doi.org/10.1016/j.amjsurg.2004.04.012
http://dx.doi.org/10.1016/j.amjsurg.2004.04.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22684155&dopt=Abstract
http://dx.doi.org/10.1136/archdischild-2011-301252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22090454&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22090454&dopt=Abstract
http://dx.doi.org/10.1093/ntr/ntr186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22365876&dopt=Abstract
http://dx.doi.org/10.1016/j.jsurg.2011.12.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19777100&dopt=Abstract
http://dx.doi.org/10.5688/aj730585
http://dx.doi.org/10.5688/aj730585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21094015&dopt=Abstract
http://dx.doi.org/10.1016/j.jsat.2010.09.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12704967&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12938897&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23700589&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21255880&dopt=Abstract
http://dx.doi.org/10.1016/j.nedt.2010.12.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18496110&dopt=Abstract
http://dx.doi.org/10.1097/PEC.0b013e31816ecb5c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18499299&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18499299&dopt=Abstract
http://dx.doi.org/10.1016/j.jaad.2008.04.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18592624&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2702.2007.02200.x
http://dx.doi.org/10.1111/j.1365-2702.2007.02200.x


V
IE

W
PO

IN
TS

PA
PE

RS

Online eLearning for undergraduates in health professions: A systematic review

  80  Kandasamy T, Fung K. Interactive Internet–based cases for undergraduate otolaryngology education. Otolar-
yngol Head Neck Surg. 2009;140:398-402. Medline:19248951 doi:10.1016/j.otohns.2008.11.033

  81  Chen B. Effects of advance organizers on learning and retention from a fully Web–based class. Orlando, Flor-
ida: University of Central Florida Orlando, 2007.

  82  Succar T, Grigg J. A new vision for teaching ophthalmology in the medical curriculum: The Virtual Ophthal-
mology clinic. In Steel CH, Keppell MJ, Gerbic P, Housego S, eds. Curriculum, technology & transformation 
for an unknown future. Proceedings ascilite Sydney 2010. pp.944-7.

  83  Ainsworth H, Gilchrist M, Grant C, Hewitt C, Ford S, Petrie M, et al. Computer–based instruction for improv-
ing student nurses’ general numeracy: is it effective? Two randomised trials. Educ Stud. 2012;38:151-63. doi:
10.1080/03055698.2011.598668

  84  McMullan M, Jones R, Lea S. The effect of an interactive e–drug calculations package on nursing students’ drug 
calculation ability and self–efficacy. Int J Med Inform. 2011;80:421-30. Medline:21470906 doi:10.1016/j.ij-
medinf.2010.10.021

  85  Tunuguntla R, Rodriguez O, Ruiz JG, Qadri SS, Mintzer MJ, Van Zuilen MH, et al. Computer–based anima-
tions and static graphics as medical student aids in learning home safety assessment: A randomized controlled 
trial. Med Teach. 2008;30:815-7. Medline:18946826 doi:10.1080/01421590802263508

  86  Crombie T, Frank JR, Noseworthy S, Gerein R, Lee AC. Teaching emergency medicine skills: is a self–directed, 
independent, online curriculum the way of the future? Can J Emerg Med. 2012;14 S1:5430.

  87  Pancheri KK. Interface design and student satisfaction within online nursing education: A randomized con-
trolled trial. Houston: Texas Woman's University, 2009.

  88  Schilling K. The efficacy of eLearning for information–retrieval skills in medical education. 11th European 
Conference on e-Learning – ECEL 2012. University of Groningen, Groningen, The Netherlands, 26-27 Octo-
ber 2012. p. 515.

  89  Duran P, Font R, Kalynych C, Kumar V, Landmann R. 71 Integration of asynchronous ultrasonographic edu-
cation into a 4–week medical student emergency medicine clerkship: A pilot program. Ann Emerg Med. 
2012;60:S186-7. doi:10.1016/j.annemergmed.2012.07.094

  90  Duggan PM, Palmer E, Devitt P. Electronic voting to encourage interactive lectures: a randomised trial. BMC 
Med Educ. 2007;7:25. Medline:17655773 doi:10.1186/1472-6920-7-25

  91  Kerfoot BP, Baker H, Jackson TL, Hulbert WC, Federman DD, Oates RD, et al. A multi–institutional random-
ized controlled trial of adjuvant Web–based teaching to medical students. Acad Med. 2006;81:224-30. Med-
line:16501262 doi:10.1097/00001888-200603000-00004

  92  Kerfoot BP, Conlin PR, Travison T, McMahon GT. Web–based education in systems–based practice: A random-
ized trial. Arch Intern Med. 2007;167:361-6. Medline:17325297 doi:10.1001/archinte.167.4.361

  93  Roberts C, Lawson M, Newble D, Self A, Chan P. The introduction of large class problem–based learning into 
an undergraduate medical curriculum: an evaluation. Med Teach. 2005;27:527-33. Medline:16199360 
doi:10.1080/01421590500136352

  94  Turner MK, Simon SR, Facemyer KC, Newhall LM, Veach TL. Web–based learning versus standardized patients 
for teaching clinical diagnosis: A randomized, controlled, crossover trial. Teach Learn Med. 2006;18:208-14. 
Medline:16776607 doi:10.1207/s15328015tlm1803_4

  95  Jang KS, Hwang SY, Park SJ, Kim YM, Kim MJ. Effects of a Web–based teaching method on undergraduate 
nursing students' learning of electrocardiography. J Nurs Educ. 2005;44:35-9. Medline:15673173

  96  Adler MD, Johnson KB. Quantifying the literature of computer–aided instruction in medical education. Acad 
Med. 2000;75:1025-8. Medline:11031152 doi:10.1097/00001888-200010000-00021

  97  Bernard RM, Abrami PC, Lou Y, Borokhovski E, Wade A, Wozney L, et al. How does distance education com-
pare with classroom instruction? A meta–analysis of the empirical literature. Rev Educ Res. 2004;74:379-439. 
doi:10.3102/00346543074003379

  98  Childs S, Blenkinsopp E, Hall A, Walton G. Effective e-learning for health professionals and students—barri-
ers and their solutions. A systematic review of the literature—findings from the HeXL project. Health Info Libr 
J. 2005;22 Suppl 2:20-32. Medline:16279973 doi:10.1111/j.1470-3327.2005.00614.x

  99  Cook DA, Levinson AJ, Garside S, Dupras DM, Erwin PJ, Montori VM. Internet–based learning in the health 
professions: a meta–analysis. JAMA. 2008;300:1181-96. Medline:18780847 doi:10.1001/jama.300.10.1181

100  Coomey M, Stephenson J. Online learning: it is all about dialogue, involvement, support and control–accord-
ing to the research. London: Kogan Page, 2001.

101  Cheng YC, Tam WM. Multi–models of quality in education. Qual Assur Educ. 1997;5:22-31. 
doi:10.1108/09684889710156558

102  Hammoud M, Gruppen L, Erickson SS, Cox SM, Espey E, Goepfert A, et al. To the point: reviews in medical 
education online computer assisted instruction materials. Am J Obstet Gynecol. 2006;194:1064-9. Med-
line:16580297 doi:10.1016/j.ajog.2005.08.023

103  Wutoh R, Boren SA, Balas EA. eLearning: a review of Internet–based continuing medical education. J Contin 
Educ Health Prof. 2004;24:20-30. Medline:15069909 doi:10.1002/chp.1340240105

104  Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines for reporting parallel group 
randomized trials. Ann Intern Med. 2010;152:726-32. Medline:20335313 doi:10.7326/0003-4819-152-11-
201006010-00232

www.jogh.org •  doi: 10.7189/jogh.04.010406 17 June 2014  •  Vol. 4 No. 1 •  010406

R
E

FE
R

E
N

C
E

S

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19248951&dopt=Abstract
http://dx.doi.org/10.1016/j.otohns.2008.11.033
http://dx.doi.org/10.1080/03055698.2011.598668
http://dx.doi.org/10.1080/03055698.2011.598668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21470906&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2010.10.021
http://dx.doi.org/10.1016/j.ijmedinf.2010.10.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18946826&dopt=Abstract
http://dx.doi.org/10.1080/01421590802263508
http://dx.doi.org/10.1016/j.annemergmed.2012.07.094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17655773&dopt=Abstract
http://dx.doi.org/10.1186/1472-6920-7-25
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16501262&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16501262&dopt=Abstract
http://dx.doi.org/10.1097/00001888-200603000-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17325297&dopt=Abstract
http://dx.doi.org/10.1001/archinte.167.4.361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16199360&dopt=Abstract
http://dx.doi.org/10.1080/01421590500136352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16776607&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16776607&dopt=Abstract
http://dx.doi.org/10.1207/s15328015tlm1803_4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15673173&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11031152&dopt=Abstract
http://dx.doi.org/10.1097/00001888-200010000-00021
http://dx.doi.org/10.3102/00346543074003379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16279973&dopt=Abstract
http://dx.doi.org/10.1111/j.1470-3327.2005.00614.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18780847&dopt=Abstract
http://dx.doi.org/10.1001/jama.300.10.1181
http://dx.doi.org/10.1108/09684889710156558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16580297&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16580297&dopt=Abstract
http://dx.doi.org/10.1016/j.ajog.2005.08.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15069909&dopt=Abstract
http://dx.doi.org/10.1002/chp.1340240105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20335313&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-152-11-201006010-00232
http://dx.doi.org/10.7326/0003-4819-152-11-201006010-00232

