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ABSTRACT ARTICLE HISTORY

With the increasing use of technology in education, online learning has become a common Received 27 March 2019
teaching method. How effective online learning is for undergraduate medical education remains Revised 25 May 2019
unknown. This article’s aim is to evaluate whether online learning when compared to offline Accepted 5 September 2019
learning can improve learning outcomes of undergraduate medical students. Five databases and KEYWORDS

four key journals of medical education were searched using 10 terms and their Boolean combina- Online learning; offline
tions during 2000-2017. The extracted articles on undergraduates’ knowledge and skill outcomes learning; systematic review;
were synthesized using a random effects model for the meta-analysis.16 out of 3,700 published meta-analysis;

articles were identified. The meta-analyses affirmed a statistically significant difference between undergraduate medical
online and offline learning for knowledge and skill outcomes based on post-test scores (SMD = 0.81; education (UME)

95% Cl: 0.43, 1.20; p < 0.0001; n = 15). The only comparison result based on retention test scores was

also statistically significant (SMD = 4.64; 95% Cl: 3.19, 6.09; p < 0.00001). The meta-analyses

discovered no significant difference when using pre- and post-test score gains (SMD = 3.03; 95%

Cl: —0.13, 4.13; p = 0.07; n = 3). There is no evidence that offline learning works better. And

compared to offline learning, online learning has advantages to enhance undergraduates’ knowl-

edge and skills, therefore, can be considered as a potential method in undergraduate medical

teaching.

Introduction therefore, makes teaching and learning separable via
internet-based information delivery systems. Both
online and offline teaching have been widely used in
higher education. The use of online learning has
vastly increased since 2012, as evidenced by the thriv-
ing of massive open online courses (MOOCs) [3].
However, evaluating the effectiveness of online and
offline teaching remains difficult. Evaluations have
failed to reach consistent conclusions [4,5], resulting
in complex decisions when selecting a teaching
method for medical education.

The effectiveness of online learning is influenced
by many factors. Some factors create barriers for
online learning, such as administrative issues, social
interaction, academic skills, technical skills, learner
motivation, time and support for studies, technical
problems, cost and access to the internet [6]. Other
factors could result in low-quality online learning, for
example an ineffective design and arrangement of
multimedia materials [7]. The effective analysis of
online and offline teaching in medical education,
therefore, should depend on a comprehensive con-
sideration of how they are used across groups. It
should all be assessed including the learning goals,
design properties of the learning materials, evaluation
of learning outcomes, etc.

Today, digital information is everywhere and available
to almost everyone. In this era of information technol-
ogy, medical education is now confronted with novel
challenges. On the one hand, the online healthcare
information boom is continually challenging medical
students to rapidly update and expand their existing
body of knowledge. On the other hand, the informatic
competency requirements of healthcare technology,
such as utilizing electronic healthcare records, learning
systems and aided-diagnosis systems, also present a new
challenge for medical students to master [1], even for
the so-called digital native learners [2].

To prepare qualified doctors for today’s environ-
ment in which the internet provides ubiquitous digi-
tal information, the teaching methods used for
educating and training medical school students
should be reconsidered. Offline learning, or tradi-
tional classroom teaching, represents teaching in the
pre-internet era. Although some forms of informa-
tion technology have already been utilized to assist
instruction, traditional teaching methods required
that teaching and learning should take place at the
same time and place. Online learning, also called
internet-based learning or web-based learning, does
not have the time and space limitations, and
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The first comprehensive systematic review and
meta-analysis of online versus offline learning dates
back to 2008. Cook et al. [4] selected 76 articles that
compared internet and non-internet based interven-
tions and 130 articles containing no-intervention con-
trol for health professional learners. Through a meta-
analysis, this study concluded that internet-based inter-
ventions were associated with positive effects compared
to no interventions, but the effects and statistical het-
erogeneities were generally small compared to offline
teaching. Richmond et al. [8] then updated the evidence
in this rapidly developing field by subdividing different
formats of offline learning and comparing these formats
to online learning. They focused their review, as well, on
licensed healthcare professionals. However, this more
recent evidence still suggests that online learning might
be as effective as offline one for training licensed health-
care professionals, but the total effects of the online
learning were low and showed no significant difference
when compared to offline teaching.

Accordingly, the current meta-analysis was designed
to contribute additional evidence from a new perspec-
tive in the comparison of the intervention effects of
online learning versus offline learning. In contrast to
previously published reviews, our analysis narrowed the
target participants to undergraduate medical students
and excluded postgraduates and professionals like
nurses, pharmacists, veterinarians, etc. The reason
why we concentrate on this specific group is that dif-
ferent from postgraduates’ self-motivated and clinic
practice-orientated learning, undergraduate medical
students are mainly driven by common core curricula
and examinations stipulated by the universities’ teach-
ing committee, which reversely, brings a sharp gap
when evaluating teaching methods on these two groups
of students, respectively, [9]. Moreover, our study
design concentrated on knowledge and skill outcomes
but distinguished among different statistical methods
used when generating comparison results. By testing
whether online learning worked better than offline
one for medical undergraduate education, this review
also intended to preliminarily explore the potential
factors across these two teaching methods that might
cause differences in effectiveness. Identifying such dif-
ferences could have implications for further research
and improvements in educational practices.

Methods
Study design

The preferred reporting items for systematic reviews
and meta-analyses (PRISMA) guidelines and recom-
mendations from the Cochrane Handbook were fol-
lowed [10,11]. There were no requirements for an
ethical review of this paper since no human partici-
pants were involved.

The objective of this systematic review was to
assess how online learning compared to offline learn-
ing for teaching the medical education knowledge
and skills.

Literature sources and searches

The Web of Science, Medline, Embase, PubMed and
Scopus were searched for the following terms in the
title and abstract: (online learn* OR web-based OR
internet OR m-learning OR mobile OR distance)
AND (medical edu*) AND (student* OR undergra-
duat* OR universit*). Four key journals of medical
education, Medical Teacher, Academic Medicine,
Medical Education and BMC Medical Education,
were manually searched for relevant articles.

We used a search start date of January 2000 and an
end date of December 2017. Because digital technologies
have undergone dramatic changes since the internet first
appeared in 1991 [12] and internet-based hard facilities
and soft applications in education have been widely
accepted by schools and students starting in the 21%
century [13], we therefore restricted the start date to
after the year 2000. The search was reconducted on
May 1%, 2019.

Inclusion criteria

The included studies should meet the following cri-
teria in adherence to the participant, intervention,
comparison and outcome (PICO) search in the field
of evidence-based medicine:

¢ Participants: medical undergraduate students.

e Interventions: online learning, including
e-learning, m-learning, MOOCs and distance
learning by video.

e Comparisons: offline learning, especially refer-
ring to face-to-face teaching in a classroom,
seminars, watching video lectures together in
the classroom and reading text-based docu-
ments or books only.

¢ Outcomes: knowledge and skill outcomes mea-
sured by objective assessment instruments. The
mean score and standard deviations of post-test,
pre- and post-test gains, or retention tests for
experimental and control groups were available.

Data screening and extraction

The titles of the retrieved articles were first screened by
a reviewer (P) based on the inclusion criteria. Duplicates
and studies that were superficially unassociated with the
comparison of online learning and offline learning were
excluded. Then, the abstracts of the remaining articles
were independently screened by two reviewers (P and
W) based on the criteria. Any articles that seemed to be
dubious based on the abstract screening were further



examined by reading the full text. In the full-text screen-
ing phase, the two reviewers again worked independently
to review every article against the criteria. Any conflicts
between the two reviewers were resolved by consensus.

Quality assessment

The quality of methodology used in each article was
evaluated based on the Medical Education Research
Study Quality Instrument (MERSQI) [14].

The risk of bias was assessed according to the
Cochrane collaboration risk of bias assessment tool
[11], which contains random sequence generation
(selection bias), allocation concealment (selection
bias), blinding of participant and personnel (perfor-
mance bias), blinding of outcome assessment (detection
bias) and incomplete outcome data (attrition bias). For
each of these items, the judgment of ‘low risk of bias,’
‘unclear risk of bias’ and ‘high risk of bias’ was given
with necessary supporting statements for each article.

Data synthesis

We classified the identified articles based on the statis-
tical method of outcome, including analysis of variance
(ANOVA) on post-test scores, pre- and post-test score
gains and delayed retention scores. When an article
contained more than one statistical method of outcome,
it was clustered repeatedly into a different genre of the
meta-analysis. For those articles that included multiple
arms but used the same statistical method, we first
considered each of the comparisons, respectively, in
the meta-analysis. Then, we only included one compar-
ison result under one genre of meta-analysis in each
article, because including multiple comparison results
from the same article obviously does not meet the
criteria of statistical independence [15].

The standard mean difference (SMD) with 95%
confidence intervals (CIs) was applied for the overall
effect of group comparisons in the meta-analysis. The
statistical heterogeneity was calculated using the I
statistic [16]. For a high heterogeneity value
(P> 50%) [17], the recommended random-effects
model was used in the meta-analysis for the pool
weighted effect sizes [18]. The effect sizes were inter-
preted as 0.2 for a small effect, 0.5 for a moderate effect
and 0.8 or greater for a large effect [8]. We used Review
Manager (RevMan 5.3) [19] to carry out the meta-
analyses in this review.

Results
Search results

The flowchart of article inclusion is shown in Figure 1.
A total of 3,680 articles were searched in five databases,
and additional 20 articles were retrieved by searching
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four specific journals. Among them, 1,969 duplicates
were removed manually, 1,275 articles were excluded
based on title screening, and 389 articles were excluded
based on abstract screening against the inclusion cri-
teria. Sixty-seven full articles were then screened.
However, 8 of them could not be accessed in the full
text, and 43 articles were excluded against the inclusion
criteria. Finally, 16 articles were remained for this sys-
tematic review.

Methodological quality

The mean (SD, range) of the total score for included
articles was 13.5 (1.1, 11-15) of 18 (Table 1). All
included articles used appropriate data analysis meth-
ods. Only two articles sampled from more than one
institution [20,21]. Some of the included articles were
rated lower than others, due to a lower score in the
‘validity of educational instrument’ domain (mean
(SD) score of 1.5 (0.8) out of 3).

Risk of bias

The overall risk of bias for all the included articles is
shown in Figure 2, and Table 2 shows a detailed judg-
ment of the risk of bias for each article. Six domains of
bias were evaluated, and no article reported information
about the ‘reporting bias’. Very few articles described
the randomization process in detail, which possibly
could be that authors considered such a description as
unnecessary, and opted instead to just use the word
‘randomized.” The true blinding of participants was
nearly impossible to achieve as well because most of
researchers had to describe the study for participant
recruitment. However, some studies achieved partici-
pant blinding by recruiting students in different aca-
demic years as experimental and control groups, using
a crossover study design or providing randomized
materials.

Synthesis of included articles

The total number of recruited participants in all the
comparison results without duplications was 1,789
and the mean and range were 112 and 29-294,
respectively (Table 3). The included comparisons
were conducted in nine countries (USA, UK, Spain,
Brazil, Germany, China, Iran, Indonesia and India).
Sixteen identified articles were clustered by the sta-
tistical methods used (Figure 3), specifically by the
number of outcome comparisons. Among them, 13
articles reported only one comparison arm based on
one or more statistical method based on ANOVA: 10
articles compared post-test scores [20-29]; 1 article
compared pre- and post-test score gains [30]; 1 article
compared both post-test scores and pre- and post-test
score gains on the same sample [31]; and 1 article
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Articles identified from database search (3,680):
Web of Science (1,178)
Medline (436)
Embase (769)
PubMed (739)
Scopus (558)

Additional articles retrieved through search in
specific journals (20):

Academic Medicine (2)

Medical Teacher (2)

BMC Medical Education (16)

y

Articles screened

based on title and
abstract (3,700)

Duplicates removed (1,969)

\ 4

Articles excluded based on title

\ 4

screening (1,275)

Articles excluded based on abstract

y

\ 4

screening (389)

Atrticles retrieved and screened
based on full text (67)

Atrticles excluded based on full text

\ 4

missing (8)

Atrticles excluded based on full text

y

\ 4

screening (43)

Articles (full text) coded using
coding sheet (16)

Figure 1. Study inclusion flowchart.

compared all post-test scores, pre- and post-test score
gains and retention test scores on the same sample [32].
All of comparison results above were included in meta-
analysis but assessed under different genres. The
remaining 3 articles contained more than one compar-
ison arm but were all based on ANOVAs of post-test
scores: 2 articles reported 2 comparisons using 2 differ-
ent measure instruments [33,34]; and 1 article reported
2 comparison results for 2 different learning goals on
the same sample [35]. To ensure statistical indepen-
dence, we only extracted one comparison result from
each article for the meta-analysis. However, it is worth
noting that Jordan et al. [30] reported both post-test
scores and pre- and post-test score gains. We only used
the latter one because the baselines of the two groups
were significantly different. Overall, 15 comparison
results were extracted for post-test scores, 3 for pre-
and post-test score gains and 1 for retention test scores.

Although all of included articles assessed knowl-
edge or skill outcomes in medical education, there
was no overlap among them. It is also worth noting
that 2 articles assessed knowledge or skill outcomes

that are not that specific to medical education: scien-
tific writing [20] and oral case presentation [21].

The intervention durations also varied among the
included articles, ranging from about 20 min to an
academic semester (around 18 weeks). And one arti-
cle did not report the duration.

The formats of online learning used were also
various in the studies. The simplest format consisted
of a CD-/DVD-based video lecture that was recorded
from a live class and then uploaded to the internet,
and the most advanced format was a platform that
allowed students to receive static learning resources
and facilitated interaction with teachers, classmates
and courseware for responsive feedback.

Meta-analysis based on post-test scores
Figure 4 shows the two groups were significantly differ-
ent (Z = 4.17; p < 0.0001), with the online learning
group having higher post-test scores (SMD = 0.81;
95% CI: 0.43, 1.20).

Subramanian et al. [32] reported a larger SMD than
the other articles, and this value could contribute heavily



Table 1. Methodological quality of included studies.
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Domain MERSQI Item

Study Score Mean (SD)

Maximum

NO. (%) Item Domain Item Domain

—_

Study design . Study design

Single group cross-sectional or single group

post-test only
Single group pre-test and post-test
Non-randomized, two group
Randomized control trail
. No. of institutions studied
1
2
>2
Response rate, %
N/A
<50 or not reported
50-74
>75
Type of data 4. Type of data
Assessment by study participant
Objective measurement
Validity of evaluation . Internal structure
instrument N/A
Not reported
Reported
Content
N/A
Not reported
Reported
Relationship to other variables
N/A
Not reported
Reported
Data analysis 8. Appropriateness of analysis

N

Sampling

w

v

o

~

Data analysis inappropriate for study design or

type of data

Data analysis appropriate for study design or

type of data
9. Complexity of analysis
Descriptive analysis only
Beyond descriptive analysis
Outcomes 10. Outcomes

Satisfaction, attitudes, perceptions, opinions,

general facts

Knowledge, skills

Behaviors

Patient/healthcare outcome
Total score

3 2.8 (0.6) 28 (0.6)

1 (6%) 1

2 (13%) 2
13 (81%) 3

3 0.6 (0.2) 2.0(0.3)
14 (88%) 0.5

2 (13%) 1

1.4 (0.2)

2 (13%) 1
14 (88%) 15

3 3.0 (0.0) 3.0 (0.0)
16 (100%) 3

3 0.8 (0.4) 1.3 (0.7)
4 (25%) 0
12 (75%) 1

0.2 (0.4)

13 (81%) 0
(19%) 1

w w

0.3 (0.5)
11 (69%) 0

5 (31%) 1

3 1.0 (0.0) 3.0 (0.0)

16 (100%) 1

2.0 (0.0)

N

16 (100%)
3 1.5 (0.0)

1.5 (0.0)
16 (100%) 15

18 13.5 (1.1)

to the summary effect in the meta-analysis. To avoid
a potential determinative influence from this single arti-
cle, we conducted a separate meta-analysis on the post-
test scores without this study (Figure 5). There was still
a significant difference (Z = 4.00, p < 0.0001) between the
online learning and offline learning groups, favoring
online learning (SMD = 0.68; 95% CI: 0.35, 1.02).

Meta-analysis based on pre- and post-test score
gains

Although there was no significant difference between
the groups (Z = 1.84; p = 0.07), but the gains in
online learning groups trended higher (SMD = 2.00;
95% CI: -0.13, 4.13, Figure 6).

Meta-analysis based on retention test scores

The article of Subramanian et al. [32] was the only
study to compare retention test scores. Online learning
(70.1 + 3%) was more effective than offline learning
(55.8 + 3%) with a statistically significant difference

(SMD = 4.64; 95% CIL: 3.19, 6.09; p < 0.00001,
Figure 7).

Discussion

In this review, reliable evidences from 2000 to 2017
were scrutinized and synthesized to answer the ques-
tion: does online learning work better than offline
learning for undergraduate medical students? We
screened 1,731 unduplicated articles and eventually
identified 16 articles that meeting the inclusion criteria.
By comparing post-test scores, pre- and post-test score
gains and retention test scores, we identified 7 articles
that reported no significant difference between the two
teaching methods and 9 articles that reported signifi-
cant improvement in the online learning groups.
Whether we included the article of Subramanian et al.
[32] or not, the changes in post-test scores indicated
that online learning for medical education might be
more effective than offline learning when assessed
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Random sequence generation (selection hias)

Allocation concealment (selection hias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection hias)
Incomplete outcome data (attrition hias)

Selective reporting (reporting hias)

Other hias I

0% 25% 50% 75%

100%

. Low risk of hias

|:| Unclear risk of bias

. High risk of bias

Figure 2. Summary of the risk of bias.

based on the outcomes of knowledge and skills. The
examination of the effects on pre- and post-test score
gains showed little difference between these two meth-
ods. The article of Subramanian et al. [32] was the only
study to use a delayed retention test, which showed
online learning was better than offline learning.
Overall, it suggested that online learning is at least as
effective as offline learning, however we still need more
research evidences to draw any firm conclusion on the
comparison of online versus offline learning, since
experimental designs of the included articles varied in
terms of participants, learning goals, intervention dura-
tions, and forms of online learning, etc.

Although the overall finding indicated that online
learning worked as well as offline learning, it didn’t
imply that online learning is an effective teaching method
for every student in every learning context. We note the
effects of online learning reported in the article of
Subramanian et al. [32] stood out against the results in
the other 15 articles. Through a comprehensive evalua-
tion, we determined that the format of online learning
used by Subramanian’s team, StepStone Interactive
Medical Software, might have played a key role in that
study, since the rich feedback and guidance, matched
task difficulties to students’ developmental level [36]
and case-based teaching strategies designed for online
learning might improve the outcomes of online learning.
For online learning that consisted mainly of static, non-
interactive learning resources that largely resembled off-
line learning, usually no significant difference was found
when compared to offline learning. In addition, the
knowledge and skills taught in the included studies actu-
ally only covered a small part of the learning goals in
medical education. It is highly possible that online learn-
ing might not work better than offline learning for the
topics that remain to be studied. Moreover, the objective
assessment instruments used in the articles might not be
able to evaluate the advanced capacities acquired by
undergraduate medical students. Given that the objective
assessments filled with multiple choice questions were

more appropriate for the assessment of low-level learning
goals, online learning, therefore, might only be as effec-
tive as offline learning when the learning goals are sim-
ple. Similarly, type of curriculum, usually associating
largely with learning goals, might also affect the effec-
tiveness of online and offline learning; however, it is
known that undergraduate medical courses emphasized
mainly on basic knowledge and skills, we still cannot
speculate whether online works better than offline learn-
ing across various curriculum types before new evidence
emerges. Besides above, the effectiveness could also be
influenced by characteristics of students themselves, such
as gender, learning style [37], attitude [38], satisfaction
[39] and level of engagement [40].

The rapid growth of online learning in higher educa-
tion has also benefited from the potential cost savings for
limitless students [41]. The undergraduates who partici-
pated in the included studies were passively arranged
into an experimental or control group, and they did not
have to figure out how to pay for the teaching they
received, which is not realistic. A recent study, conducted
in a large for-profit university with an undergraduate
enrollment of more than 100,000, estimated the effects
of online learning and face-to-face instruction on stu-
dents’ achievement and progress. As a result, students
got lower grades for both the course taken online and the
courses that followed [42]. Therefore, the choice of teach-
ing method should also be made after comprehensive
thought of human economic behaviors in the real world.

To some extent, online learning might not com-
pete with some aspects of offline learning, like inter-
active knowledge building between teacher and
students. Such limitations could create opportunities
for students to obtain self-learning abilities through
information technology, such as information literacy
and metacognition controlling [43].

The effectiveness of online learning varied, which
is as or more effective than offline learning for some
target knowledge and skills and also the students. To
avoid the potential limitations of online learning in
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10+3 articles ||||”|"
‘I|||H|II|III’ ll””l”‘ml”””w I]]]]]]l ANOVA of post-test scores

|:| ANOVA of pre- and post-test score gains

l:’ ANOVA of retention test scores

Figure 3. Venn diagram of the 16 identified articles, clustered by the statistical methods used.

Online Offline Std. Mean Difference Std. Mean Difference

Study or Subgroup _ Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random. 95% CI
Solomon 2004 4.88 17 442 108 12 60% 0.27 [0.48,1.01] 2004 ]
Raupach 2009 31.8 7.2 2 ANz 75 71 7.4% 0.03 [-0.30,0.35] 2009 1
Phadtare 2009 753 1421 24 4727 1464 24 6.2% 1.91[1.22,2.60] 2009
Bhatti 2011 1913 056 61 1823 067 61 7.2% 1.45[1.05,1.85] 2011 e
Yeung 2012 427 105 43 41 1186 35 7.0% 015[-0.29,0.60] 2012 1%
Heiman 2012 778 119 67 784 107 65 7.3% -0.05[-0.39,0.29] 2012 -
Serena 2012 127 44 111 1.2 45 56 7.4% 0.34 [0.01, 0.66] 2012 I
Subramanian 2012 86.7 2 15 B1.7 2 18 1.1% 1216 [8.78,15.54] 2012 ’
Sendra 2013 211 085 74 173 1.04 56 7.3% 0.40[0.05,0.75] 2013 —
Porter 2014 34 0.6 il 33 0.6 69 7.4% 017 [017,050] 2014 T
Assadi 2015 2024 083 41 1805 186 40 6.9% 1.51[1.02,2.01] 2015 —
Pusponegoro 2015 16.95 318 39 16.88 0.6 32 7.0% 0.03 [-0.44,050] 2015 -
Arne 2016 1723 2.1 61 1437 276 55 7.2% 1.14[0.75,1.54] 2016 I
Farahmand 2016 165 196 60 123 222 60 71% 1.99[1.55,2.43] 2016 -
Shenoy 2016 1581 311 147 1398 421 147 7.6% 0.49[0.26,0.73] 2016 -
Total (95% ClI) 903 798 100.0% 0.81[0.43, 1.20] -
Heterogeneity: Tau? = 0.49; Chi*= 181.70, df= 14 (P < 0.00001); F= 92% y.a— 5 3 5

Test for overall effect: Z=4.17 (P < 0.0001) Favours Offine Favours Online

Figure 4. Meta-analysis of post-test performance.
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FPhadtare 2009 753 1421 24 4727 1464 24 6.0% 1.91[1.22, 2.60) 2009
Bhatti 2011 1913 056 61 1823 067 61 7.3% 1.45[1.05,1.85] 2011 —
Serena 2012 127 44 111 1.2 45 56 7.6% 0.34 [0.01, 0.66] 2012 —
Heiman 2012 778 119 67 784 107 65 75% -0.05[-0.39,0.29] 2012 T
Yeung 2012 427 105 43 41 1186 35 T1% 0.15[-0.29, 0.60] 2012 I
Sendra 2013 211 085 74 173 1.04 56 7.5% 0.40[0.05, 0.75 2013 —
Porter 2014 34 0.6 71 3.3 0.6 69 7.5% 017 [0.17,0.50] 2014 T
Assadi 2015 2024 083 41 18.05 186 40 69% 1.51[1.02,2.01] 2015 -
Pusponegoro 2015 1685 318 39 16.88 0.6 32 7.0% 0.03[-0.44,050] 2015 I
Arne 2016 1723 21 61 1437 276 55 7.3% 1.14[0.75,1.54] 2016 —
Farahmand 2016 16.5 1.96 60 123 222 60 71% 1.99[1.55,2.43] 2016 -
Shenoy 2016 15.81 311 147 13988 421 147 7.8% 0.49[0.26,0.73] 2016 -
Total (95% Cl) 888 783 100.0% 0.68 [0.35, 1.02] S 4
Heterogeneity: Tau®= 0.36; Chi*= 136.43, df= 13 (P < 0.00001); F= 90% t t f

Test for overall effect Z= 4.00 (P = 0.0001) 4 -1 . 1 i
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Figure 5. Meta-analysis of post-test performance without the article of Subramanian et al.

Online Offline Std. Mean Difference Std. Mean Difference
Study or Subgroup __Mean SD_Total Mean SD Total Weight IV, Random. 95% Cl Year IV, Random, 95% CI
Subramanian 2012 425 2 15 168 3 15 23.5% 9.81 [7.05,12.57] 2012 4
Jordan 2013 993 2322 44 28.39 18.06 44 38.3% -0.88 [-1.32,-0.44] 2013 ——
Pusponegoro 2015 79 517 39 756 2488 32 38.2% 0.08 [-0.38, 0.55] 2015
Total (95% Cl) 98 91 100.0% 2.00 [-0.13, 4.13] | — e ENREn
Heterogeneity: Tau®= 3.03; Chi*= 60.87, df= 2 (P < 0.00001); F= 97% t t t

2 4 0 1 2
e

Test for overall effect: Z=1.84 (P = 0.07) Favours Offline  Favours Onlin

Figure 6. Meta-analysis of pre- and posttest score gains.
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Online Offline
Study or Subgrou Mean SD Total Mean SD Total Weight

Std. Mean Difference
IV. Random. 95% Cl _Year

Std. Mean Difference
IV, Random. 95% CI

Subramanian 2012 701 3 16 558 3 15 100.0%

Total (95% ClI) 15 15 100.0%

Heterogeneity: Not applicahle
Test for overall effect: Z= 6.28 (P = 0.00001)

Figure 7. Meta-analysis of retention test scores.

undergraduate medical education, it might be worth-
while to combine the advantages of online and offline
teaching methods, called blended learning [44].
Despite the uncertainties of online learning, it should
be allowed in undergraduate medical education, but
to maximize the benefits, a combination of online
and offline learning might be the most effective.

Limitations

There are still some limitations of this study. First, the
small number of included studies. Although we actually
used a relatively broad search strategy, but when nar-
rowed down based on the inclusion criteria, only 16
articles were eventually identified and the total number
of participants was 1,789, including 947 in online learn-
ing groups and 842 in offline learning groups. It should
also be emphasized that the meta-analyses did not dif-
ferentiate knowledge outcomes from skill outcomes
[45] but regarded these two categories of outcomes as
equal. What was discriminated were the statistical
methods. Second, the different statistical heterogene-
ities of the meta-analyses with and without the article
of Subramanian et al. [32] complicated conclusions
about the effectiveness of online versus offline learning.

Further research

Despite some outstanding questions, the findings of
this review offer supporting evidence on the effective-
ness of online learning in undergraduate medical
education. Further research is needed to clarify the
effects of online learning and the conditions under
which it can be effectively used. Whether online
learning works as a direct or mediated factor in
improving achievement needs to be assessed, as do
what design and delivery strategies for online learn-
ing works in practice. How the advantages of online
learning can be used to amplify other teaching meth-
ods for undergraduate medical students also needs to
be studied. The design of the assessment instruments
and curriculum types used for online learning
requires further study. It is possible that students do
acquire knowledge and skills through online learning
that cannot obtain through offline learning, and this
knowledge could compensate for the loss of knowl-
edge and skills identified by questionnaires for offline
learning.

4.64 [3.19, 6.09]

4.64([3.19,6.09 2012

-

‘I
Favours Offline  Favours Online

Conclusion

Although not all of the included research studies
reported that using online learning methods in med-
ical education was more effective than offline learn-
ing, none of the included studies concluded that
online learning was less effective than offline meth-
ods, regardless of the statistical method used. We
need to recognize that online learning has its own
advantages for enhancing students’ learning and
should be considered a potential teaching method in
medical education. To guarantee the effectiveness of
online learning, the design principles of digital learn-
ing materials, learning goals and students’ preferences
and characteristics should be rigorously evaluated.
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