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Background: To maintain the continuity of medical education during the COVID-19 epidemic, online 
learning has replaced traditional face-to-face learning. But the efficacy and acceptance of online learning for 
medical education remains unknown. This meta-analysis aimed to assess whether online learning improves 
learning outcomes and is more acceptable to medical students compared to offline learning. 
Methods: Four databases were searched for randomized controlled trials (RCTs) and comparative studies 
(non-RCTs) involving online learning published from January 1900 to October 2020. A total of twenty-
seven studies comparing online and offline learning in medical students were included. The Grading of 
Recommendations, Assessment, Development and Evaluations (GRADE) framework and Newcastle-Ottawa 
Scale (NOS) were used to assess the methodological quality of RCTs and non-RCTs respectively. The data 
of knowledge and skills scores and course satisfaction were synthesized using a random effects model for the 
meta-analysis.
Results: Twenty-one RCTs that were judged to be of high quality according to the GRADE framework 
and six non-RCTs studies which ranged from 6 to 8 (NOS) and can be considered high-quality were included 
in this meta-analysis. The revealed that the online learning group had significantly higher post-test scores 
(SMD =0.58, 95% CI: 0.25 to 0.91; P=0.0006) and pre- and post-test score gains than the offline group (SMD 
=1.12, 95% CI: 0.14 to 2.11, P=0.02). In addition, online education was more satisfactory to participants 
than the offline learning (OR: 2.02; 95% CI: 1.16 to 3.52; P=0.01). Subgroup analysis was performed on 
knowledge and skill scores at the post-test level. The selected factors included study outcome, study design 
and type, participants, course type and country. No significant factors were observed in the subgroup analysis 
except for course type subgroup analysis.
Discussion: Online learning in medical education could lead to higher post-test knowledge and skill scores 
than offline learning. It also has higher satisfaction ratings than offline education. In conclusion, online 
learning can be considered as a potential educational method during the COVID-19 pandemic. However, 
given the risk of bias of included studies such as the inclusion of non-randomized comparative studies, the 
conclusion should be made with cautions.
Trial Registration: CRD42020220295.
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Introduction

The World Health Organization classified COVID-19 as 
a pandemic on March 11, 2020, and the number of 
people infected with COVID-19 worldwide has been 
increasing sharply. Many educational institutions in the 
world, including schools and hospitals, had to suspend 
teaching activities. To maintain the continuity of medical 
education during the COVID-19 epidemic, online learning 
has replaced traditional face-to-face learning (1) because 
online technologies allow medical students to work at 
home between face-to-face classes and academic practices. 
Online learning is the act of teaching and learning through 
digital technology. As the core of online learning, digital 
technology has also become a strategy for improving the 
education and training of health workers (2) due to its wide 
application and continuous development and progress in 
various fields in recent years. Online learning is a general 
term for a variety of education approaches, concepts, 
methods and technologies that are constantly changing (3). 
It can include but is not limited to online computer-based 
digital education, large-scale open online courses, virtual 
reality (VR), virtual patients, mobile learning and basic 
conversion of content into a digital format (for example, 
PDF or HTML format for books) (3). Online learning can 
be used flexibly and unlimitedly with traditional methods 
(such as role-playing with standardized patients) so that 
students can practice their skills interchangeably. For 
educators, this educational approach can save time, effort, 
and space; automatically assess and record student learning 
progress; and obtain feedback from students (4). A series 
of studies have compared the effectiveness and feasibility 
of online and offline education for medical students, but 
the effect of online education is not particularly clear. Pei 
et al. (5) selected 16 published articles for meta-analysis 
and suggested that compared with offline learning, online 
learning has advantages in enhancing the knowledge and 
skills of medical students. However, He et al. (6) pointed 
out that online learning was not significantly different from 
traditional education in the effectiveness of knowledge 
and skills. The main reason for these inconsistent findings 
may be because the populations included in the two meta-
analyses were different. 

To provide further evidence for the efficacy and 

acceptance of online teaching, the current meta-analysis 
aims to provide new perspectives for comparing the effects 
of online learning and offline learning interventions. 
Therefore, we designed this meta-analysis to further 
compare the effects of online learning and offline learning 
for medical students including clinical, nursing and 
pharmacy and to identify the factors that may lead to 
differences in the effectiveness of the two teaching methods. 
We present the following article in accordance with the 
PRISMA reporting checklist (available at https://jxym.
amegroups.com/article/view/10.21037/jxym-22-3/rc) 

Methods

Search strategy

We developed comprehensive search strategies for the 
PubMed, Web of Science, Cochrane Controlled Trials 
Central Registry (CENTRAL) and Embase databases 
to identify research related to online learning. The 
search time of the database was from January 1, 1990, to 
October 2020; 1990 was chosen as the start year of the 
search because before that, the use of computers was limited 
to basic tasks (3). The search strategies were as follows: 
(“online learning” OR “digital education” OR “distance 
education” OR “Internet-Based Learning” OR “virtual 
education” AND “offline learning OR traditional education 
OR face-to-face learning OR classroom education OR usual 
teaching)”. The “Related Articles” function was also used 
to expand the search scope and supplement the computer 
search by manually searching all retrieved studies, reference 
lists of reference articles and conference abstracts. After 
completing all searches, we identified all potentially relevant 
articles, used Endnote X9 (reference management software) 
without language restrictions, and deleted duplicate studies. 
Two independent reviewers scanned the title, abstract, 
and even the full text of all records to identify potentially 
relevant studies.

Selection of studies

This meta-analysis has been registered at PROSPERO: 
CRD42020220295. According to the Preferred Reporting 
Items for Systematic Reviews and Meta-analysis and 
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Meta-analysis of Observational Studies in Epidemiology 
recommendations for study reporting (7), the selection of 
the article was conducted independently by two reviewers. 
The inclusion criteria were as follows: all available 
randomized controlled trials (RCTs) and retrospective 
comparative studies (cohort or case-control studies) that 
compared any form of online learning online learning 
with offline learning (traditional learning) to medical 
students from all over the world, and that had at least one 
of the following outcomes: knowledge and skill outcomes 
measured by objective assessment tools. In addition, studies 
on blended learning models (online + offline learning) were 
excluded.

In addition, the included studies should meet the following 
criteria in adherence to the participant, intervention, 
comparison and outcome (PICO) search in the field of 
evidence-based medicine:Participants: medical undergraduate 
students including clinical, nursing and pharmacy.

Interventions: online computer-based digital education, 
large-scale open online courses, VR, virtual patients, mobile 
learning and basic conversion of content into a digital 
format (for example, PDF or HTML format for books).
Comparisons: offline learning, especially referring to face-
to-face teaching in a classroom, seminars, and reading text-
based documents or books only. Outcomes: knowledge 
and skill outcomes measured by objective assessment 
instruments. The mean score and standard deviations of 
post-test, pre- and post-test gains.

Data extraction and assessment

The full texts of the included studies were screened 
twice, and data from these studies were also separately 
extracted by two authors in a standardized format. No 
duplicate publications were found during the data extraction 
process. The main outcomes were the knowledge and skill 
scores at post-test. The secondary outcomes were pre- and 
post-test gains (improvement), retention test scores and 
students’ overall satisfaction with the course format.

Randomized controlled trials were judged to be of high 
quality according to the Grading of Recommendations, 
Assessment, Development and Evaluations (GRADE) 
framework (8), which specifies four levels of evidence: 
high, moderate, low, and very low quality evidence. The 
methodological quality of RCTs was assessed by the 
Cochrane risk of bias tool, which included the following 
domains (I) random sequence generation, (II) allocation 
concealment, (III) blinding of participants and personnel, 

(IV) blinding of outcome assessment, (V) incomplete 
outcome data, (VI) selective reporting, and (VII) any other 
source of bias (8). The Newcastle-Ottawa Scale (NOS) 
was used to assess the methodological quality of those 
nonrandomized studies (9). The scores range from 0 to 9, 
and the scale includes: selection of patients, comparability 
of the study groups, exposure (Case Control Studies) or 
outcome (Cohort Studies). 

Statistical analysis

All meta-analyses were performed using Windows Version 
5.3 Review Manager (Cochrane Collaboration, Oxford, 
England) and STATA 12.0 (Stata Corp LP, University 
Town, Texas, USA). A random effects model was used 
due to differences in the expected population and course 
diversity (10). Standard mean differences (SMDs) were 
used for continuous parameter data, and odds ratios (ORs) 
were used for the dichotomous variables, with both types 
of data reported with 95% confidence intervals (CIs). For 
some studies that only reported continuous data as the 
means, 95% confidence interval, range and sample size, the 
standard deviations were converted using the technique 
described by Hozo et al. (11). The statistical heterogeneity 
between studies was evaluated using the χ2 test, and the 
significance was set to P=0.1, and I2 statistics were used to 
evaluate statistical heterogeneity (I2≥50% indicating there 
is heterogeneity) (12). The Z test was used to determine the 
pooled effects, and a P value <0.05 indicated the presence 
of statistical significance (13). Data are presented as forest 
plots, and a funnel plot was routinely constructed to assess 
publication bias (14).

Results

Results of the search

We searched a total of 2,172 records in four databases: 
twenty-seven studies including 2,308 participants (1,191 
participants for online learning and 1,117 participants for 
offline learning) met the final inclusion criteria and were 
full-text articles (Figure 1). Seven hundred fifty-seven 
records were excluded after screening the title and abstract, 
and 241 studies were excluded after reading the full text 
(Figure 1). 

Characteristics and quality of the included studies
The main characteristics of the 27 included studies, such 
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as participants, comparison, course and outcome are 
shown in Table 1. Except for 6 studies (15-20) that were 
nonrandomized controlled studies, the remaining 21 (21-41)  
studies were all RCTs that were judged to be of high 
quality according to the GRADE framework. All articles 
compared posttest scores; 16 articles compared both posttest 
scores and pre-test and posttest score gains on the same 
sample, but only 5 studies had sufficient pre- and posttest 
score gains for meta-analysis. One study compared retention 
test scores 22 days after the intervention, and 7 articles 
compared students’ overall satisfaction with the way they 
attended classes. Most studies were conducted in developed 
countries, and five studies were conducted in developing 
countries. The overall risk of bias assessed according to the 
Cochrane risk-of-bias tool for all included RCTs is shown 
in Figure 2. The framework of the Cochrane bias risk tool 
contains the seven abovementioned areas mentioned above. 
Most studies described the randomization process in detail, 
but few articles could achieve the true blinding of participants 
and outcome assessment. Only Phadtare et al. (23) achieved 
participant blinding by placing group assignments in sealed 
envelopes and revealing after participants had signed 
informed consent and Porter et al. (24) performed lecturing 
teacher blinding. For the rest of the nonrandomized studies, 

their scores ranged from 6 to 8 on the NOS, which can be 
considered high-quality. The assessments of detail were 
shown in Table 2.

Outcomes

Knowledge and skill score at the post-test level 
Data on knowledge or skill scores were available for all 
27 studies, with a total sample size of 2,308 reported. The 
pooled results showed that the online learning group had 
significantly higher scores than the offline group (SMD 
=0.58, 95% CI, 0.25 to 0.91; P=0.0006) (Figure 3). 

Pre- and post-test score gains
Five studies (20,25,26,31,41) including 278 students 
provided data on pre- and post-test score gains. There was 
a significant difference in the pre- and post-test score gains 
between the two groups (SMD =1.12, 95% CI, 0.14 to 2.11, 
P=0.02) (Figure 4). High heterogeneity was found, and a 
random-effects model was used (I2=92%).

Overall satisfaction
Overall satisfaction was reported in 7 eligible articles, but 
only three studies had suitable data for meta-analysis. A 

Figure 1 Flow diagram of study selection.

Records after duplicates removed 
(n=1,025)

Records screened 
(n=1,025)

Records excluded after screening title and abstract 
(n=757)

Full-text articles excluded (reviews or meeting 
abstracts; Editorials or letters; duplicate reports; 

abstracts data not extractable) 
(n=241)

Full-text articles assessed for eligibility 
(n=268)

Studies included in qualitative synthesis 
(n=27)

Studies included in quantitative 
synthesis (meta-analysis)  

(n=27)

Records identified through PubMed, Web of Science, Cochrane Controlled 
Trials Central Registry (CENTRAL) and Embase database searching  

(n=2,172)

Additional records identified through other sources  
(n=0)
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meta-analysis of these 3 studies (24,31,41) showed that 
online education was more satisfactory to participants than 
offline learning (OR: 2.02; 95% CI, 1.16 to 3.52; P=0.01). 
There was a moderate degree of heterogeneity, and a 
fixed effects model was used (P=0.12, I2=53%) (Figure 5). 
A summary of the outcomes and the results of the meta-
analysis are shown in Table 3.

Subgroup analysis
Subgroup analysis was performed on knowledge and 
skill scores at the post-test level (Table 4). The selected 
factors included study outcome, study design and type, 
participants, course type and country. There was a 
significant difference in course type subgroup analysis 
(Figure 6) compared with the original analysis (P=0.006), 
foundation course group analysis (SMD =0.07, 95% CI: 
−0.11 to 0.25, P=0.44) and other course group analysis 

(SMD =0.09, 95% CI: −1.10 to 1.28, P=0.88) were different 
from clinical course group (SMD =0.86, 95% CI: 0.41 to 
1.31, P=0.0002) and original analysis (SMD =0.58, 95% 
CI: 0.25 to 0.91, P=0.0006). For the other selected factor 
subgroups, there was no significant difference between 
these subgroups (Figures S1-S5).

Publication bias
The research funnel chart (Figure 7) included in the meta-
analysis was used to assess the publication bias in the 
knowledge and skill score at the post-test level. Most studies 
lay inside the 95% CIs, with a small number of studies 
having an uneven distribution, indicating that there was 
slight asymmetry.

Sensitivity analysis
Twenty-one RCTs and 6 CCTs that scored six or more on 

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

100%75%50%25%0%

Unclear risk of biasLow risk of bias High risk of bias

Figure 2 The overall risk of bias for included RCTs. RCTs, randomized controlled trials.

Table 2 Risk of bias assessment for included non-RCT trials

Study
Selection Comparability Exposure/outcome

Score
a b c d e f g h i

Bowdish et al., 2003 ★ ★ ★ ★ ★ ★ ★ ★ 8

Portero et al., 2013 ★ ★ ★ ★ ★ ★ ★ 7

Chao et al., 2012 ★ ★ ★ ★ ★ ★ 6

Farahmand et al., 2016 ★ ★ ★ ★ ★ ★ ★ ★ 8

Taradi et al., 2005, ★ ★ ★ ★ ★ ★ ★ 7

Assadi et al., 2003 ★ ★ ★ ★ ★ ★ ★ 7

a, adequate case definition; b, representativeness of the cases; c, selection of controls; d, definition of controls; e, study controls for the 
most important factor; f, study controls for any additional factor; g, ascertainment of exposure; h, some methods of ascertainment for cases 
and controls; I, non-response rate. ★ , a qualified identification, no special instructions are required. RCT, randomized controlled trial.

https://cdn.amegroups.cn/static/public/JXYM-22-3-Supplementary.pdf
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the Newcastle-Ottawa scale were included in the sensitivity 
analysis. Leave-one-out cross validation was used in the 
sensitivity analysis to assess the stability of the meta-
analysis results. There was no change in the significance of 

any of the outcomes except for overall satisfaction, which 
indicated that these meta-results were stable (Figures 8,9). 
When removing the article reported by Porter et al. (24), 
the result was no longer statistically significant (Figure 10) 

Figure 3 Forest plot for knowledge and skill score at the post-test level.

Figure 4 Forest plot for pre- and post-test score gains.

Figure 5 Forest plot for overall satisfaction at the post-test level.
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Table 3 Results of meta-analysis comparison of online and offline learning

Outcome
Studies 

No.

Online group 

No.

Offline group 

No.
SMD/OR (95% CI) P value

Study heterogeneity

χ2 df I2 (%) P value

Knowledge and skills 

(post-test)

27 1,191 1,117 0.58 (0.25 to 0.91) 0.0006 354.22 26 93 <0.00001

Knowledge gains 

(pretest/post-test)

5 141 137 1.12 (0.14 to 2.11) 0.02 50.04 4 92 <0.00001

Overall satisfaction 3 133 126 2.02 (1.16. to 3.52) 0.01 4.27 2 53 0.12

SMD/OR, standard mean deviance/odds ratio; df, degrees of freedom; CI, confidence interval.

Table 4 Subgroup analyses of online vs. offline education on knowledge and skills acquisitions at the post-test levels

Subgroup
Studies 

No.
Participants 

No.
SMD/OR (95% CI)

Study heterogeneity
P value

χ2 df I2 (%) P value

All intervention 27 2,308 0.58 (0.25 to 0.91) 354.22 26 93 <0.00001 0.0006

Study outcome 0.76

Knowledge 23 1,928 0.63 (0.26 to 1.00) 314.58 22 93 <0.00001 0.001

Skills 5 444 0.77 (−0.05 to 1.59) 65.60 4 94 <0.00001 0.07

Study design 0.46

Post-test only 16 1,415 0.47 (0.03 to 0.92) 232.13 15 94 <0.00001 0.04

Pretest/post-test 11 893 0.73 (0.23 to 1.23) 111.68 10 91 <0.00001 0.004

Study type 0.09

RCT 21 1,593 0.35 (0.05 to 0.66) 161.68 20 88 <0.00001 0.02

Non-RCT 6 715 1.27 (0.25 to 2.28) 180.53 5 97 <0.00001 0.01

Participants 0.63

Medical students 20 1,764 0.64 (0.23 to 1.04) 286.80 19 93 <0.00001 0.002

Nurse students 5 356 0.27 (−0.43 to 0.98) 39.86 4 90 <0.00001 0.45

Others 2 188 0.93 (−0.94 to 2.80) 23.82 1 96 <0.00001 0.33

Country 0.14

Developed 22 1,876 0.34 (0.07 to 0.61) 163.03 21 87 <0.00001 0.01

Developing 5 432 1.51 (−0.01 to 3.03) 173.46 4 98 <0.00001 0.05

Course type 0.006

Clinical 18 1,586 0.86 (0.41 to 1.31) 280.74 17 94 <0.00001 0.0002

Foundation 5 472 0.07 (−0.11 to 0.25) 0.4 4 0 0.98 0.44

Other 4 250 0.09 (−1.10 to 1.28) 49.39 3 93 <0.00001 0.88

SMD/OR, standard mean deviance/odds ratio; df, degrees of freedom; CI, confidence interval.
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compared with the original meta-analysis (OR: 1.13; 95% CI: 

0.51 to 2.53; P=0.77). This may be caused by a small sample 

and the forms of online learning and courses of learning were 

different for each study, there was heterogeneity between the 
included studies, which may influence the results of the meta-
analysis.

Discussion

This meta-analysis of 21 RCTs and 6 CCTs including 
2,308 students comparing the efficacy of online learning 
and offline learning showed that online learning was more 
effective for undergraduate medical students on post-test 
scores, pre- and post-test score improvement and overall 
satisfaction. No factors that significantly impacted the 
overall results were observed through subgroup analysis. 
Because the experimental design of the included articles was 
very different in participants, courses, examination format, 
and outcome measurement methods, there was considerable 
heterogeneity among the included studies. However, our 
sensitivity analysis showed that the results of the meta-

Figure 6 Subgroup analysis of online vs. offline education on knowledge and skills acquisitions for course type at the post-test levels. 

−4

0.0

0.5

1.0

1.5

2.0
−2 0 0 4

SMD

S
E

 (S
M

D
)

Figure 7 Funnel plots illustrating meta-analysis of knowledge and 
skills acquisitions.
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analysis were robust.
 The greatest concerns for medical students’ online 

learning were knowledge acquisition and skill training. 

It is well known that undergraduate medical courses 
mainly focus on basic knowledge and skills. In this review, 
posttest knowledge and skill scores were reported differently 

Aleman (2011)
Alnabelsi (2015)

Assadi (2003)
Bhatti (2011)
Bjaenr (2013)

Bowdish (2003)
Brettle (2013)
Chao (2012)

Chittenden (2013)
Clement (2012)

Dennis (2003)
Farahman (2016)

Hu (2016)
Kaltman (2018)

Moazami (2014)
Morente (2013)
Nicklen (2017)

Peine (2016)
Phadtare (2009)

Porter (2014)
Portero (2013)

Pusponegoro (2015)
Raupach (2009)
Solomon (2004)

Subramanian (2012)
Taradi (2005)
Yeung (2012)

0.12 0.26 0.59 0.92 0.99

Lower CI limit

Meta-analysis estimates, given named study is omitted

Upper CI limitEstimate

Figure 8 Sensitivity analysis of knowledge and skill score at the post-test level.

Alnabelsi (2015)

Assadi (2003)

Bjaenr (2013)

Pusponegoro (2015)

Subramanian (2012)

0.010.18 1.19 2.20 3.17

Lower CI limit Estimate

Meta-analysis estimates, given named study is omitted

Upper CI limit

Figure 9 Sensitivity analysis of pre- and post-test score gains.
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in each included study. Therefore, we compared these 
two outcomes between the online and offline groups and 
found that the posttest scores of the online learning group 
were significantly higher. Considering prior knowledge 
or skill levels, the difference between the pre-intervention 
and post-intervention test scores for each student was 
calculated and designated as “improvement”. The pooled 
data of improvement included five studies that also showed 
that online learning students had a significantly higher 
improvement score. Subramanian et al. (25) reported 
that the average improvement score of the online group 
was nearly three times that of the offline group and 
demonstrated that not only was online learning an effective 
way of learning for medical students compared with the 
offline format, but it can also promote long-term retention. 
In most of the studies we included, multiple-choice 
questions (MCQs) were used as the posttest. The MCQ 
can not only objectively evaluate students’ test scores but 
also predict objective structured clinical examination 
(OSCE) scores, which in turn is a powerful predictor of 
clinical performance (42). The reasons why online learning 
works better are as follows. First, students can learn about 
medical knowledge and skills without participating in 
traditional classroom learning because they can access 
the information as many times as needed. Second, in 

addition to the same teaching materials used in online 
learning, good educational cases, such as representative 
patients, were also provided. This can prevent certain 
patients from being suitable for students due to ethical 
considerations, and there is no need to consider patients 
who refuse student participation in their care (25,43). In 
addition, as a novel instructional method, online learning 
can simulate and practice different clinical situations 
(experiential learning) (44). However, online learning 
also has some shortcomings and limitations, and technical 
problems have made students feel frustrated, so they need 
technical support related to learning (30). Hence, most 
of the studies we included were conducted in developed 
countries, and only five articles (18-20,29,31) were 
performed in developing countries. Additional problems 
included having no teacher present, learner isolation, and a 
lack of peer support and competition (45). These concerns 
are exacerbated when online methods are used to develop 
interpersonal and high-level clinical skills, where contextual 
clinical reasoning is the basis of competence (46).

 In addition, although the included studies included 
medical students of all grades, the knowledge and skills 
taught in these studies actually only cover a small part of 
the learning objectives in medical education. Therefore, it 
is difficult to say that online learning is better than offline 

Alnabelsi (2015)

Porter (2014)

Pusponegoro (2015)

0.51 1.16 2.02 3.52 4.92

Lower CI limit

Meta-analysis estimates, given named study is omitted

Upper CI limitEstimate

Figure 10 Sensitivity analysis of overall satisfaction.
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learning for topics that have yet to be studied. For online 
learning mainly composed of static and non-interactive 
learning resources, these learning resources are similar to 
offline learning to a large extent; usually, no significant 
difference was found when compared to offline learning (5).  
A study conducted by Nesterowicz et al. (47) reported 
that 92% of the subjects believed that online-learning was 
effective and that the subject of the course was the most 
important aspect. 

In terms of subjective evaluation, contemporary medical 
students grew up in the Internet era. They are accustomed 
to the constant stimulation of e-mail, text, and social 
media, and their experiences affect their behaviour in the 
classroom. They prefer to listen to podcasts at twice the 
speed instead of attending lectures to use their time more 
effectively. They would rather choose a self-paced online 
training module learning method than using a rigorous  
12-week course (22). Our meta-analysis of three studies 
also showed that the online learning group had a higher 
rate of overall satisfaction than the offline learning group. 
In addition to these three studies, Taradi (19) and Phadtare 
et al. (23) gained student satisfaction by surveys and 
showed that there was a statistically significant difference 
in the overall satisfaction with the course between the two 
groups; the online group had a higher overall satisfaction 
score. However, Raupach et al. (40) found that the overall 
satisfaction score with an online module was low; Nicklen 
et al. (38) also surveyed student satisfaction and showed that 
63 percent of those in the intervention group reported a 
perception that online learning negatively impacted their 
learning. This variation in student satisfaction may be a 
result of the different online learning methods, and more 
similar studies are needed for further confirmation. When 
students encounter difficulties in using the online learning 
system, they need technical assistance and learn many things 
before they are able to use the system, which consumes 
their learning time and energy. 

Currently,  the number of people infected with 
COVID-19 disease is still rising sharply worldwide and 
there is no vaccine that can effectively prevent the infection 
of the virus. The global educational centre had not to force 
to close their classrooms and quickly make changes in 
medical education to ensure that all students still receive the 
absolute best level of education possible (48). Moreover, the 
world is changing, and the causes of education interruptions 
are not limited to epidemics; wars, regional conflicts, and 
various types of natural disasters are issues that should 
be kept on the future agenda as potential sources of 

interruption (49). Online learning has been the best choice 
to maintain regular teaching and learning (1). This review 
further confirms that online learning is more effective than 
offline learning in undergraduate medical education.

Despite the valuable conclusions drawn, the meta-
analysis still has some limitations. First, our study included 
controlled clinical trials (CCTs), which may not be 
adequately powered. Second, educators who achieve good 
results with online learning tend to publish their results, 
which may result in potential publication bias. Third, 
because the forms of online learning and courses of learning 
were different for each study, there was heterogeneity 
between the included studies, which may influence the 
results of the meta-analysis. Random effects model can 
only address statistical heterogeneity but the heterogeneity 
caused by different ways of online learning cannot be 
addressed via statistical analysis. Last, the included studies 
in our review were not conducted under the circumstance 
of the COVID-19 pandemic. Therefore, it is difficult to 
conclude that online learning is more effective than offline 
learning for those courses influenced by COVID-19. 
More comparative studies conducted in the context of the 
COVID-19 pandemic are needed.

Conclusions

In summary, our meta-analysis demonstrates that online 
learning methods in medical education could achieve higher 
knowledge and skill scores at the posttest level than offline 
learning methods. In addition, it also has higher satisfaction 
ratings than offline education, indicating that contemporary 
medical students prefer this education mode. Through 
subgroup analysis, no significant factors were observed 
except the subject of the course, which indicates that not all 
courses are suitable for online learning.
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Supplementary

Figure S1 Subgroup analysis on study outcome of online vs. offline education on knowledge and skills acquisitions at the post-test levels.
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Figure S2 Subgroup analysis on country of online vs. offline education on knowledge and skills acquisitions at the post-test levels.
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Figure S3 Subgroup analysis on participant of online vs. offline education on knowledge and skills acquisitions at the post-test levels.
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Figure S4 Subgroup analysis on study design of online vs. offline education on knowledge and skills acquisitions at the post-test levels.
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Figure S5 Subgroup analysis on study type of online vs. offline education on knowledge and skills acquisitions at the post-test levels.


