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Abstract

Background: Blended learning, which combines face-to-face learning and e-learning, has grown rapidly to be commonly used
in education. Nevertheless, the effectiveness of this learning approach has not been completely quantitatively synthesized and
evaluated using knowledge outcomes in health education.

Objective: Theaim of this study was to assess the effectiveness of blended learning compared to that of traditional learning in
health education.

Methods: We performed a systematic review of blended learning in health education in MEDLINE from January 1990 to July
2019. We independently selected studies, extracted data, assessed risk of bias, and compared overall blended learning versus
traditional learning, offline blended learning versustraditional learning, online blended |earning versustraditional learning, digital
blended learning versus traditional learning, computer-aided instruction blended learning versus traditional learning, and virtual
patient blended learning versus traditional learning. All pooled analyses were based on random-effect models, and the 12 statistic
was used to quantify heterogeneity across studies.

Results: A total of 56 studies (N=9943 participants) assessing severa types of learning support in blended learning met our
inclusion criteria; 3 studies investigated offline support, 7 studies investigated digital support, 34 studies investigated online
support, 8 studies investigated computer-assisted instruction support, and 5 studies used virtual patient support for blended
learning. The pooled analysis comparing all blended learning to traditional learning showed significantly better knowledge
outcomesfor blended learning (standardized mean difference 1.07, 95% CI 0.85to 1.28, 1°=94.3%). Similar resultswere observed
for online (standardized mean difference 0.73, 95% CI 0.60to 0.86, 12=94.9%), computer-assisted instruction (standardized mean
difference 1.13, 95% CI 0.47 to 1.79, 1?=78.0%), and virtual patient (standardized mean difference 0.62, 95% Cl 0.18 to 1.06,
12=78.4%) learning support, but results for offline learning support (standardized mean difference 0.08, 95% CI —0.63 to 0.79,
12=87.9%) and digital learning support (standardized mean difference 0.04, 95% Cl —0.45 to 0.52, 1°=93.4%) were not significant.
Conclusions:  From this review, blended learning demonstrated consistently better effects on knowledge outcomes when

compared with traditional learning in health education. Further studies are needed to confirm these results and to explore the
utility of different design variants of blended learning.

(J Med Internet Res 2020;22(8):€16504) doi: 10.2196/16504
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Introduction

Background

New types of learning, such as e-learning, have become popular
in medical education [1,2] since the emergence of the internet
[2]. These new models allow learning to transcend boundaries
of space and time; they improve collaborative and individualized
learning effectiveness and are more convenient [3-5].
Neverthel ess, e-learning presents some disadvantages, including
high cost multimedia materials, high costs for platform
maintenance, and often user training is required. In paralld,
traditional learning presents several limitations, including
requiring the physical presence of students and teachers at a
specific time and place [6].

Blended learning is characterized by the combination of
traditional face-to-face learning and asynchronous or
synchronous e-learning [7]. Blended learning is a promising
alternative for medical education because of its advantages over
traditional learning. In academia, this learning format has had
arapid growth and is now widely used [8].

Increased research on blended learning has been reported since
the 1990s[9-11]. Synthesis of these studies may inform students
and teachers on the effectiveness of blended learning [12].
Previous systematic reviews have reported that blended learning
has the potential to improve clinical training among medical
students [13] and undergraduate nursing education [14]. In
parallel, many reviews have summarized the potential of blended
learning in medical education [15,16]. A meta-analysis [12]
showed that blended learning was more effective than
nonblended learning but with a high level of heterogeneity.

Nevertheless, these reviews were limited to only some areas of
health education, and few have used quantitative synthesis in
the eval uation of the effectiveness of blended learning; therefore,
the purpose of this study was to quantitatively synthesize the
studiesthat evaluated the efficacy (using knowledge outcomes)
of blended learning for health education (with students,
postgraduate trainees, or practitioners).

Objective

The objective of this review was to evaluate the effectiveness
of blended learning for health education on knowledge outcomes
assessed with subjective (eg, learner self-report) or objective
evaluations (eg, multiple-choice question knowledge test) of
learners’ factual or conceptual understanding of the course in

studies where blended |earning was compared with traditional
learning.

Methods

Comparison Categories and Definitions

Blended learning was compared with traditional learning,
overal, and after stratification by type of learning support, the
following comparisons were made: offline blended learning
versus traditional learning, online blended learning versus
traditional learning, digital blended learning versus traditional
learning, computer-aided instruction blended learning versus
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traditional learning, and virtual patient blended learning versus
traditional learning.

Offline learning was defined as the use of personal computers
or laptops to assist in delivering stand-alone multimedia
materials without the need for internet or local area network
connections [17]. These could be supplemented by
videoconferences, emails, and audio-visua learning materials
kept in either magnetic storage (CD-ROM, floppy disk, flash
memory, multimedia cards, external hard disks) as long as the
learning activities did not rely on this connection [18].

Online support was defined as all online materials used in
learning courses.

Digital education was abroad construct describing awide range
of teaching and learning strategies that were exclusively based
on the use of electronic media and devices as training,
communication, and interactionstools[19]. These aspects could
pertain to educational approaches, concepts, methods, or
technologies. Moreover, these concepts facilitated remote
learning, which could help address the shortage of health
professionalsin settings with limited resources by reducing the
time constraints and geographic barriersto training.

Computer-assisted instruction was defined as the use of
interactive CD-ROM, multimedia software, or audio-visua
material to augment instruction including multimedia
presentations, live synchronous virtual sessions offered via a
web-based learning platform, presentations with audio-visuals,
and synchronous or asynchronous discussion forumsto enhance
participation and increase engagement [20,21].

Virtual patients were defined as interactive computers
simulations of real-life clinical scenariosfor health professional
training, education, or assessment. This broad definition
encompassed a variety of systems that used different
technologies and addressed various learning needs [22].

Traditional learning, in this paper, was used to describe all
nonblended learning such as nondigital and not online, but also
only online, only e-learning, or other single support educational
methods (lectures, face-to-face, reading exercises, group
discussion in classroom).

Reporting Standards

We conducted and reported our study according to PRISMA
guidelines[23] and Cochrane systematic review guidelines[24].

Eligibility Criteria
Inclusion criteria for studies were based on the PICOS

(population, intervention, comparison, outcome, and study
design) framework.

Studies were included if they were conducted among health
learners, used a blended learning intervention in the
experimental group, involved acomparison of blended learning
with traditional learning, included quantitative outcomes with
respect to knowledge assessed with either subjective or objective
evaluations, and were randomized controlled trials or
nonrandomized studies (which are widely used in health
education). Only studies published in English were included.
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Data Sources

To identify relevant studies, we conducted a search of citations
published in MEDLINE between January 1990 and July 2019.
Key search termsincluded delivery concepts (blended, hybrid,
integrated, computer-aided, computer assisted, virtual patient,
learning, training, education, instruction, teaching, course),
participant characteristics (physician, medic*, nurs*, pharmac*,
dent*, health*), and study design concepts (compar*, trial*,
evaluat*, assess*, effect*, pretest*, pre-test, posttest*, post-test,
preintervention, pre-intervention, postintervention,
post-intervention). Asterisks were used as a truncation symbol
for searching. Multimedia Appendix 1 describes the complete
research strategy.

Study Selection

Using the eligibility criteria, AV and ESindependently screened
all articlesand abstracts and reviewed the full text of potentially
eligible abstracts.

Data Extraction

AV and ES independently extracted relevant characteristics
related to participants, intervention, comparators, outcome
measures, and results from the studies that were found to be
eligible using a standard data collection form. Any
disagreements were resolved through discussion with a third
research team member until agreement was reached.

Risk of Bias Assessment

During the data extraction process, researchers independently
assessed the risk of bias for each study using the Cochrane
Collaboration’s risk of bias tool [25]. Evaluation criteria
included the following: random sequence generation, allocation
concealment, blinding of students and personnel, blinding of
outcome assessment, incomplete outcome data, selective
reporting, or other which included publication bias. Funnel plots
were used to evaluate publication bias. Risk of bias for each
criterion was rate as low, high, or unclear according to the
Cochranerisk of biasinstructions.

Figure 1. Study flow diagram.

Total records
Titles and abstracts screened
(n=3389)

Vallée et a

Data Synthesis

Analyses were performed for knowledge outcomes using SAS
software (version 9.4; SAS Ingtitute). The standardized mean
difference (standard mean difference; Hedges g effect size),
converted from means and standard deviation from each study,
was used [15]. When the mean was available, but the standard
deviation was not, we used the mean standard deviation of all
other studies. Since the overall scores of included studies were
not the same and standard mean difference could eliminate the
effects of absolute values, we adjusted the mean and standard
deviation so that the average standard deviation could replace
the missing value of standard deviation. We employed a
random-effects model for the meta-analysis (statistically
significant if P<.05).

The 12 statistic was used to quantify heterogeneity across studies

[26]. When the estimated 1% was equal to or greater than 50%,
this indicated a large amount of heterogeneity. As the studies
werefunctionally different and involved different study designs,
participants, interventions, and settings; arandom-effects model
that allowed more heterogeneity was used. Forest plots were
created to display the meta-analysis findings. To explore
publication bias, funnel plotswere created and Begg tests were
performed (statistically significant if P<.05). To explore
potential sources of heterogeneity, multiple meta-regression
and subgroup analyses based on the study design were
performed. Sensitivity analysesto test the robustness of findings
were also performed.

Results

Study Selection

The search strategy identified 3389 articles from MEDLINE.
After scanning the titles and abstracts, 93 articles were found
to be potentially eligible, and their full textswere read for further
assessment. Of these, 56 articleswereincluded [9-11,22,27-78]
(Figure 1). All articles that were included had been published
in peer-reviewed journal.

Records excluded

4
Full-text articles focused on
blended learning for health
education assessed
(n=93)

(n=3297)

Full-text articles excluded

- Ineligible type of
comparison (n= 11)

- Inelgible type of

Y

Studies included in the
review

(n= 56)
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intervention (n=15)

- Inelgible study design
(n=8)

- Unclear to make decision
on inclusion or ongoing
study (n=3)
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Type of Participants

In the 56 articles, 9943 participants were included. In 30 out of
56 participant subgroups, participants were from the field of
medicine [11,31-34,36,38,39,41,43,44,46-50,53,64-67,69-74,
76,78,79]. The participant subgroups from fields other than
medicine were as follows. 16 studies in nursing
[9,10,12,27,29,35,37,40,51,52,57,58,61-63,75], 1 in pharmacy
[37], 3 in physiotherapy [12,30,45], 5 in dentistry [10,42,
54,55,59], and 4 interprofessional education [56,60,68,77].

Of the 56 studies, 47 were conducted in high-income countries:
14 were from the United States [9,10,29,31,36,38,43,50,
53-55,59,61,73], 2 from Canada [47,58], 5 from Germany
[39,41,46,57,76], 3 from the United Kingdom [42,56,75], 3
from Spain [30,45,48], 1 from France[74], 1 from Greece[34],
1from Sweden [67], 1 from the Netherlands[37], 1 from Korea
[40Q], 1 from Poland [79], 1 from Serbia [70], 1 from Croatia
[64], 1 from Turkey [32], 2 from Taiwan [28,51], 1 from Japan
[69], and 7 from Australia [44,49,63,65,66,68,78]. Of the 56
studies, 9 studies were conducted in low- or middle-income
countries: 2 from Thailand [52,62], 1 from China[77], 1 from
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Malaysia[72], 2 from Iran [27,71], 1 from Jordan [35], 1 from
South Africa[11], and 1 from Uruguay [60].

The technical characteristics of the blended learning systems,
topics of educational content, applied design methods, and other
information on the validity of outcome measurements can be
found in Multimedia Appendix 1.

Effects of I nterventions

Blended Learning Versus Traditional Learning

The pooled effect size reflected a significantly large effect on
knowledge outcome (standard mean difference 1.07, 95% ClI
0.85 to 1.28, z=9.72, n=9943, P<.001). A significant

heterogeneity was observed among studies (12=94.3%). Figure
2 shows details of the main analysis. The test of asymmetry
funnel plot (Figure 3) indicated publication bias among studies
(Begg test P=.01). The trim and fill method indicated that the
effect size changed to 0.41 (95% CI 0.16 to 0.66, P<.001) after
adjusting for publication bias, which suggested that blended
learning was more effective than traditional learning.
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Figure 2. Forest plot of blended learning to traditional learning comparison for knowledge outcomes. df: degree of freedom; ClI: confidence interval;
SMD: standard mean difference.
SMD (95%Cl)  Weight

Ebadi, 2015 241 [1.74.3.09] 1.46%
Liu, 2014 — 133 [1.02.1.64] 165%
Liu, 2014 - 2.07 [1.28.2.85] 139%
Bayne, 1997 — 0.08 [-0.63.0.79] 1.44%
Femandez-Lao, 2016 1 -0.55 [-1.13.0.02] 1.52%
Johnston, 2010 —+ -173  [-2.8.-0.65] 1.20%
Kucuk, 2016 — 0.67 [0.18.1.15] 157%
Kulier, 2012 —— 133 [1.02.1.64] 165%
Kavadella, 2012 -+ 0.87 [0.26.1.48] 150%
Sowan, 2013 —— 111 [0.82.1.40] 1.65%
Lancaster, 2012 -+ 133 [0.72.1.94] 150%
Dankbaar, 2014 - 041 [-02.1.02] 150%
Dankbaar, 2014 ™ 207 [1.32.2.81] 142%
Mangione, 1991 - 04  [-037.1.18] 1.40%
Mangione, 1991 T 0.81  [-0.08.1.70) 1.32%
Shomaker, 2002 I+ -0.66 [-1.24.-0.08) 1.52%
Shomaker, 2002 — 068 [-1.32.-0.04] 1.48%
Stewart, 2013 - 062 [0.14.1.10] 157%
Mahnken, 2011 -+ 031 [-0.18.0.81] 1.56%
Mahnken, 2011 ™ 147  [091.2.02] 153%
Sung, 2008 - 177 [110.2.43] 1.47%
Woltering, 2009 - 056  [0.23.0.89] 1.64%
Lowe, 2001 + 042 [-0.01.0.85] 1.60%
Lowe, 2001 - 001 [-0.42.0.53] 1.60%
Hilger, 1996 -+ 052  [0.06.0.98] 1.58%
llic, 2013 R 023 [-0.73.0.28] 1.56%
Morales, 2012 _‘:: -0.26 [-0.85.0.33] 151%
Raupach, 2010 3.89  [3.10.4.68] 1.39%
Carbonaro, 2008 * 017  [-0.76.0.42] 1.51%
Pereira, 2007 _‘_+ 089 [0.53.1.25] 163%
Devitt, 2001 1127 [9.64. 12.89] 0.86%
Kiviniemi, 2014 . 057 [0.08.1.07) 156%
Hsu, 2011 o 016  [-0.44.0.12) 1.66%
Hsu, 2011 4 02  [-0.48.0.08] 1.66%
Kaveevivitchai, 2009 1o 023 [-0.21.0.67) 159%
Kumrow, 2005 078  [0.07.1.50] 1.43%
Howerton, 2004 Lo 017 [-0.39.0.74] 153%
Howerton, 2004 e 113 [053.1.72] 151%
Mars, 1996 | o 051  [0.02.0.99] 157%
Gadbury-Amyot, 2012 N 033 [0.17.0.49] 1.69%
Perkins, 2010 . -0.04 [-0.20.1.13] 1.69%
Strickland, 2008 e 0.1 [-0.96.1.16] 1.21%
Rouse, 2010 —— 0.94 [0.33.1.56] 1.50%
Rouse, 2010 o 0.29 [-0.30.0.88] 1.51%
Gagnon, 2013 e 3.49 [2.87.4.11] 1.49%
Boynton, 2007 Lo 033 [0.06.0.61] 1.66%
Llambi, 2011 e 0.66 [0.16.1.15] 156%
Shemman, 2012 e 0.23 [-0.25.0.71] 157%
Gerdpraset, 2010 —— -2.01  [-2.54.-1.49] 1.55%
Famell, 2006 e 055  [0.09.1.01] 158%
Taradi, 2004 e 778 [6.71.8.84] 1.20%
Kononowicz, 2012 Lo 0.43 [0.03.0.84] 161%
Lehman, 2015 —— 1.88  [1.25.2.51] 1.49%
Succar, 2013 - 059  [0.27.0.92] 1.64%
Wahlgren, 2006 o 013  [-0.30.0.56] 1.60%
ilic, 2015 e 068 [-1.71.0.39] 1.21%
Shimizu, 2019 — — 2.27 [1.20.3.34] 1.20%
Milic, 2016 " 021  [0.08.0.34] 169%
sadeghi, 2014 " 038  [0.07.0.68] 1.65%
Kho, 2018 e 183 [1.14.2.52] 1.45%
Jamett-Thewell, 2019 le 0.24  [0.02.0.46] 1.68%
Zhan, 2017 e 4.92 [2.61.7.24] 0.57%
Zhan, 2017 e 3.67 [1.17.6.18] 051%
zhan, 2017 S — 463 [212.7.14] 051%
Noll, 2017 - -0.63  [-0.97.-0.29) 1.64%
Noll, 2017 > 0.02 [-0.26.0.30) 1.66%
McCutcheon, 2018 —— 0.57 [0.08.1.06] 1.57%
Marchalot, 2018 —— 3.54  [2.84.4.24] 1.44%
Total . 1.07  [0.85.1.28] 100%
=3 -2 -1 1 2 3 45 6 7 8 9 1011 12 13 14 15
Heterogeneity: Tau?=0.71. df=60.12=94.3% Favors [traditional] Favors [blended]
Test for overall effect: 2=9.71 (P<0.0001)
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Figure 3. Funnel plot of blended learning versus traditional learning.
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Offline Blended Learning Versus Traditional Learning

Of the 3 studies [27-29] comparing offline blended learning to
traditional learning, in 2 studies[27,28], the groups with blended
resources scored better than their corresponding control groups
with significant positive standard mean differences. The other

study did not show a datistically significant difference in
knowledge outcome (standard mean difference 0.08, 95% ClI
—0.63100.79) [29]. The pooled effect for knowledge outcomes
suggested no significant effects from offline blended learning
over traditional education alone (standard mean difference 0.67,

95% Cl —0.50 to 1.84, 1’=87.9%, n=327) (Figure 4).

Figure 4. Forest plot of offline blended learning to traditional learning comparison for knowledge outcomes. df: degree of freedom; Cl: confidence

interval.
Offline blended learning Traditional learning
Study or Subgroup  Mean ] Total Mean sD Total Weight Std. Mean Std. Mean difference Random 95% Cl
difference.
Random. 95% Cl
Ebadi. 2015 24.30 5.10 30 13.90 3.20 30 21.8% 3.09[1.74; 3.09] .
Liu. 2014 74 12 58 58 12 100 31.2% 1.33[1.02; 1.64] ——
_._
Liu. 2014 91 8.60 58 58 20.40 20 24.1% 2.07 [1.28; 2.85]
_.—
Bayne. 1997 821 11.88 14 81.10 13 17 22.9% 0.08 [-0.63; 0.79]
Total 160 167 100.0% 0.67 [-0.50; 1.84] B

Heterogeneity: Tau?=1.18. df=3.12=87.9%
Test for overall effect: Z= 1.19 (P=0.18)

Online Blended Learning Versus Traditional Learning
In studies comparing online blended learning to traditional
learning, 26 [34-37,39-41,43,46,50,53-55,58,60,64,69-72,
74,75,77,78] of the 41 studies[34-47,50,51,53-55,57,58,60,62,
64,68-72,74,75,77,78] showed that groupswith blended learning

https://www.jmir.org/2020/8/e16504
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Favors [traditional] Favors [ofline blended]

had better scores than those of their corresponding control
groups. The pooled effect for knowledge outcomes was a
standard mean difference of 0.73 (95% CI 0.60to 0.86, n=6976)
(Figure 5). There was a substantial amount of heterogeneity in

the pooled analysis (12=94.9%).
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Figure 5. Forest plot of online blended learning to traditional learning comparison for knowledge outcomes. df: degree of freedom; CI: confidence
interval; SMD: standard mean difference.
Online blended learningraditional learning

Study or Subgroup Mean _ SD Total Mean _ SD Total Weight SMD. 95% ¢l Std. Mean difference Random 95% CI
Kavadella. 2012 80.88 13.82 24 6864 139 22 231% 087 [026;148] ——
Sowan. 2013 78 55 105 70 835 105 380% 1.11 [0.82;1.40] -+
Lancaster 2012 9.6 19 29 957 38 23 231% 133 [0.72;1.94] ——
Dankbaar 2014 76 2 3175 3 16 231% 041 [-02;1.02] ——
Dankbaar 2014 73 2 31 68 3 16 184% 207 [13:.281] ——
Shomaker. 2002 446 898 24 51 1014 24 2429 066 [-1.24;-008] ——
Stewart. 2013 75 1225 34 675 1175 37 286% 062 [0.14,1.10] -
Mahnken_ 2011 729 123 32 69 124 32 279% 031 [-0.18.0.81] T
Mahnken. 2011 87.7 12.8 32 69 124 32 253% 147 [09;202] -
Sung. 2008 8221 875 24 6792 717 26 210% 177 [1.10;243] -
Woltering. 2009 63.2 1408 74 5576 1228 71 360% 0.56 [0.23;0.89] :
Lowe. 2001 31.8 15.2 39 25 167 46 3.10% 042 [-0.01;0.85] a
Lowe. 2001 503 14 39 502 174 46 312% 001 [-0.42;053] [,
Hilger. 1996 78.4 898 45 734 1014 32 295% 052 [0.06;0.98] L
Iic. 2013 4053 18 34 4513 224 27  274% -023 [-0.73;028] L
Morales. 2012 723 6.2 22 742 81 22 238% -026 [-0.85/0.33] —_——
Raupach. 2010 848 13 40 795 14 34 172% 3.89 [3.10;4.68] ——
Carbonaro. 2008 3244 733 22 34 1067 22 238% -0.17 [-0.76;0.42] e
Kiviniemi. 2014 9392 245 38 9176 495 28 279% 057 [0.08;1.07] -
Hsu. 2011 8028 1084 113 8196 1056 88 385% -0.16 [-0.44;0.12] -
Hsu. 2011 6641 846 113 6811 873 8% 385% -02 [-0.48;0.08] ——
Kumrow. 2005 9715 256 18 8478 337 15 194% 0.78 [0.07;1.50] .
Howerton. 2004 84.4 928 25 825 1007 24 248% 0.17 [-039;0.74] ——
Howerton. 2004 84.4 928 25 75 707 26 236% 113 [0.53;1.72] hd
Gadbury-Anyot 2012 9575 10 309 92 1275 300 437% 0.33 [0.17;0.49] —
Strickland. 2008 86 898 8 85 1014 6 114% 0.1 [-0.96;1.16] —
Gagnon_ 2013 172 09 52 145 06 50 227% 349 [2.87;4.11] -
Llambi. 2011 831 28 36 753 172 30 279% 066 [0.16;1.15] T
Sherman. 2012 897 516 35 883 679 33 286% 023 [-025071] -
Gerdpraset 2010 719 9.59 42 8793 576 43  265% -2.01 [-2.54;-149] -
Taradi. 2004 71.69 1.83 37 6133 103 84 1.13% 778 [6.71;884]
Iic. 2015 8.1 21 73 63 18 74 115% -0.68 [-1.71;0.39] .
Shimizu. 2019 58 8 72 566 102 24 112% 227 [120;334] | o
Milic. 2016 7.88 13 108 751 136 437 467% 021 [0.08,0.34] —.—
Sadeghi 2014 1681 1.06 48 1651 069 45 372% 038 [0.07;0.68]
Kho. 2018 35 1.75 15 31 181 15 202% 183 [1.14,252] —_—
Zhan. 2017 9361 061 464 8829 075 476 030% 492 [2.61;7.24] -
Zhan. 2017 9405 059 474 9022 053 479 025% 367 [117;618] -
Zhan. 2017 9388 064 445 89.09 078 485 025% 463 [212;7.14] -~
MecCutcheon. 2018 42 143 56  3.51 151 57 281% 057 [008;106] ——
Marchalot. 2018 232 1875 54 215 2735 95 199% 3.54 [2.84424] —
Total 3341 3635 100% 0.73 [0.60;0.86] +
itwe 2= =, = + = T [] i 5 3 [ 7 B E]
Heterogeneity: Tau?=0.09. df=40. 12=94.9% Favors [traditional] Favors [online blended]

Test for overall effect: Z= 10.96 (P=0.001)

- . - . than the control group. The pooled effect for knowledge
Digital Learning Versus Tradltlonal Learning . outcomes suggested no significant effects between blended and
Only 3 [32,33,63] of 7 studies [30-33,56,63,76] comparing traditional learning (standard mean difference 0.04, 95% Cl
digital learning to traditional learning presented a better score 04510 0.52, 12=93.4%, n=1093) (Figure 6).

Figure 6. Forest plot of digital blended learning to traditional learning comparison for knowledge outcomes. df: degree of freedom; CI: confidence

interval.
Digital blended learning Traditional learning
Study or Subgroup Mean sD Total Mean 5D Total Weight Std. Mean Std. Mean difference Ra 95% I
difference. .
Random. 95% CI
Fernandez-Lao, 2016 721 1.98 25 8.09 0.9 24 11.90% -0.55 [-1.13; 0.02] " |
Johnston, 2010 80.21 5.76 43 82.75 4.69 12 8.41% -1.73 [-2.80;-0.65) .
Kucuk, 2016 78.14 16.19 34 68.34 12.83 36 12.50% 0.67 [0.18; 1.15) -+
Kulier, 2012 69.52 5.95 123 61.45 6.20 81 12.66% 1.33 (1.02; 1.64) —_——
Perkins, 2010 84.50 11.58 275 84.92 11.50 276 13.49% -0.04 [-0.20;1.13] —
Farrell, 2006 50.66 8.98 L 45.34 10.14 a1 14.05% 0.55 [0.09; 1.01) —_——
Noll, 2017 7 1.48 22 7.77 151 22 13.35% -0.63 [-0.97;-0.29] ——
Noll, 2017 6.67 1.62 22 6.63 1.30 22 13.63% 0.02 [-0.26; 0.30] ——
Total 579 514 100.0% 0.04 [-0.45; 0.52] ——————
Heterogeneity: Tau?=0.43. df=8.12=93.4% - - - e igitat Biende z
Test for overall effect: Z= 0.14 (P=0.37) Favors ftr 1 ovors el ended]
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Computer-Assisted | nstruction Blended L earning Versus
Traditional Learning

Of the studies focusing on computer-assisted instruction blended
learning, 5 [10,11,48,49,73] of the 8 studies [9-11,38,48,
49,52,73] showed significantly higher scores than those of
traditional learning. Only 1 study [38] showed a significant

Vallée et a

negative effect compared to traditional learning (standard mean
difference —0.68, 95% Cl —1.32 to —0.04). The other studies
showed no significant difference [9,52]. The pooled effect for
knowledge outcomes suggested a significant improvement of
computer-assisted instruction blended with traditional education
over traditional education alone (standard mean difference 1.13,

95% CI 0.47 to 1.79, 12=78.0%, n=926) (Figure 7).

Figure 7. Forest plot of computer-assisted instruction blended learning to traditional learning comparison for knowledge outcomes. df: degree of

freedom; CI: confidenceinterval.

CAl blended learning
5D Total

Traditional learning

Study or Subgroup Mean Mean sD Total

Mangione, 1991 785 18.28 13 70 22.28 13

Mangione, 1991 785 18.28 13 62.5 19.85 9

Shomaker, 2002 8.98 24 51.2 10.14 17

Pereira, 2007 63 13 65 50 16 65

Devitt, 2001 61.67 111 85 45 250 20

Mars, 1996 65.6 8.98 34 60.7 10.14

Rouse, 2010
Rouse, 2010
Kaveevicitchai, 2009
Jarrett-Thewell, 2019
Total

773
773
61.1
913

115
115
6.23
4.80

20
20

66.2
74
59.43
90

116
11
7.83
6.04

26
26

178
492

184
434

Welght 5td. Mean Std. Mean difference Random 95% Q1
difference.
Randem. 95% CI
9.76% 0.40 [-0.37; 1.18] —_——
9.36% 0.84 [-0.08; 1.70] ——
10.19% -0.68 [-1.32;-0.04] —
10.90% 0.89 [0.53; 1.25] +
——
6.71% 11.27 [9.64; 12.89
-
10.62% 0.51 [0.02: 0.99]
10.27% 0.94 [0.33; 1.56] Ao
10.33% 0.29 [-0.30; 0.88)
-
10.73% 0.23 [-0.21; 0.67]
11.12% 0.24 [0.02; 0.46] *
100.0% 1.13 [0.47; 1.79] —
-------------

Heterogeneity: Tau?=1.01. df=9.12=78.0%
Test for overall effect: Z= 3.35 (P=0.001)

Virtual Patient Blended Learning Versus Traditional
Learning

In4[59,65,66,79] of the 5 studies[59,65-67,79] on knowledge
outcomes when using virtual patients as a supplement to
traditional learning, the groups with supplementary virtua
patient learning support scored better than their corresponding

Favors [traditional] Favors [CAl blended]

control groups. Only 1 study with virtual patients did not show
a statigtically significant difference in knowledge outcomes
(standard mean difference 0.13, 95% CI —0.30 to 0.56) [67].
The pooled effect for knowledge outcomes suggested significant
effects for virtual patient blended learning (standard mean

difference 0.62, 95% Cl 0.18t0 1.06, 1=78.4%, n=621) (Figure
8).

Figure8. Forest plot of virtual patient blended learning to traditional learning comparison for knowledge outcomes. df: degree of freedom; Cl: confidence

interval.
VP blended learning Traditional learning
Study or Subgroup Mean sD Total Mean sD Total Weight Std. Mean difference. Std. Mean difference Random 95% CI
Random. 95% CI
Kononowicz, 2012 47.37 343 51 48.81 376 45 21.8% 0.43 [0.03; 0.84]
——
Lehman, 2015 92.2 4.70 27 68.8 16.30 30 31.2% 1.88 [1.25;2.51]
Succar, 2013 16 1.80 76 148 2.20 74 24.1% 0.590.27; 0.92] —_—

Wahlgren, 2006 83.8 9.38 28 87.5 10 85 22.9% 0.13 [-0.30; 0.56] I a—
Boynton, 2007 78.22 7.67 98 74.72 1256 107 0.33 [0.06; 0.61] —

Total 280 341 100.0% 0.62 [0.18; 1.06]

Heterogeneity: Tau’=0.21. df=5. 12=78.4%
Test for overall effect: Z= 2.75 (P=0.001)

Sensitivity Analyses

None of the subgroup anayses that were initialy planned
explained the heterogeneity of the results. Among many
analyzed aspects, we considered the differences regarding the
efficiency of learning with blended learning between the health
professions disciplines. Most of the studies involved students
of medicine as participants (30/56, 54%).

When analyzing knowledge outcomes in medicine, nursing,
and dentistry, some differences were apparent. The pooled effect
of medicine studies showed a standard mean difference of 0.91
(95% CI 0.65 to 1.17, z= 6.77, 1°=95.8%, n=3418, P<.001)
(Figure 9), nursing studies showed a standard mean difference
of 0.75 (95% Cl 0.26 to 1.24, z=2.99, 1°=94.9%, n=1590,
P=.008) (Figure 10), and dentistry studies showed a standard
mean differenceof 0.35 (95% Cl 0.17 t0 0.53, z=3.78, 12=37.6%,

https://www.jmir.org/2020/8/e16504
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n=1130, P=<.001) (Figure 11). Dentistry studies included 3
online blended learning studies (standard mean difference 0.37,
95% CI 0.14t0 0.64, = 2.63, 1°=58.3%, n=879), 1 virtual patient
learning study, and 1 computer-assisted instruction learning
study.

Additional interest was observed for offline blended learning
in nursing compared to traditional learning (standard mean
difference 1.28, 95% CI 0.25t0 2.31, z= 2.43, 1°=86.2%, n=249),
and in computer-assisted instruction (standard mean difference
0.53, 95% CI 0.17 to 0.90, z=2.84, 1°=23.9%, n=174), but not
for online blended learning (standard mean difference 0.68,
95% CI —0.07 to 1.45, z=1.76, 1°=96.7%, n=1091).

Additiona interest was observed for digital blended learning
compared to traditional learning in medicine (standard mean

difference 0.26, 95% Cl 0.07 t0 0.45, z=2.71, 1>=95.6%, n=417)
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[31-33,76], in virtua patient (standard mean difference 0.71,

95% Cl 0.14 to 1.28, z=2.45, 1°=85.8%, n=416) [65-67,79], in
online (standard mean difference 1.26, 95% CI 0.81 to 1.71,

7=5.49, 1=96.1%, n=1879) [34,36,38,39,41,43,44,46,47,50,53,

Figure 9. Forest plot of blended learning to traditional learning comparison

confidence interval.
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64,69-72,74,78], and in computer-aided-instruction (standard
mean difference 2.1, 95% CI 0.68 to 3.44, z=2.91, 12=97.9%,
n=706) [11,38,48,49,73] suggesting more positive effects of
blended learning over traditional learning aone for learning in

medicine.

for knowledge outcomes for medical students. df: degree of freedom; Cl:

Study or subgroup Mean sD Total Mean sD Total Weight  Std, Mean Difference IV, Random, 95% €1
Johnston, 2010 80,21 576 43 82,75 4,69 12 21 -1,73 [-2.8; -0.65)
Kucuk, 2016 78,14 16,19 34 6334 12,83 E 29 0,67 [0.18; 1.15]
Kulies, 2012 69,52 5,95 123 61,45 62 81 31 1,33 [1.02; 164]
Kavadella, 2012 80,88 1382 24 68,64 139 n 27 0,87 [0.26; 148]
Lancaster, 2012 96,6 19 29 95,7 38 23 27 1,33 [0.72; 1.84]
Shomaker, 2002 44,6 898 24 51 10,14 b1 28 0,66 [-124; -0.08)
Shomaker, 2002 446 898 24 51,2 10,14 17 27 -0,68 [132; -0.04)
Stewart, 2013 75 12,25 34 67,5 1,75 37 29 0,62 [014; 1.10)
Mahnken, 2011 729 123 32 &9 12,4 32 29 0,31 [0.18; 0.81]
Mahnken, 2011 87,7 128 32 &9 124 32 28 1,47 [0.91; 202]
Waoltering, 2009 63,2 14,08 74 55,76 12,28 7 30 0,56 [023; 0.89]
Hilger, 1996 784 898 45 734 10,14 32 29 0,52 [0.06; 0.98]
llic, 2013 40,53 18 34 45,13 224 27 29 0,23 [0.73; 0.28]
Raupach, 2010 84,8 13 40 735 14 E2] 25 3,89 [3.10; 4.68]
Carbonaro, 2008 32,44 733 2 3a 10,67 n 28 0,17 [0.76; 0.42]
Pereira, 2007 =] 13 65 50 16 65 30 0,89 [0.53; 125]
Devitt, 2001 61,67 111 85 as 25 20 14 11,27 [9.64; 12.89]
Kiviniemi, 2014 93,92 245 38 91,76 4,95 28 29 057 [0.08; 1.07)
Kumirow, 2005 97,15 2,56 18 84,78 337 15 26 0,78 [0.07; 150]
Mars, 1996 65,6 898 34 60,7 10,14 EZ] 29 0,51 [0.02; 0.99]
Taradi, 2004 71,69 1,83 37 6133 1,03 84 21 7,78 [6.71; 8.34]
Kononowicz, 2012 47,37 343 51 43381 3,76 45 30 0,43 [0.03; 0.84]
Lehman, 2015 92,2 47 27 68,8 163 30 27 1,88 [125; 251]
Sucear, 2013 16 18 76 148 22 7 31 059 [027; 092)
Wahlgren, 2006 88,8 9,38 28 87,5 10 85 29 0,13 [0.30; 0.56]
Shimizu, 2019 58 8 72 56,6 10,2 2 21 227 [120; 3.34]
Milic, 2016 7,88 13 108 751 136 437 32 0,21 [0.08; 0.34]
Sadeghi, 2014 16,81 1,06 48 1651 0,69 a5 31 0,38 [0.07; 0.68]
Kho, 2018 35 1,75 15 31 1,81 15 30 1,83 [1.14; 252]
Jarrett-Thewell, 2019 91,3 48 178 90 5,04 184 31 0,24 [0.02; 0.48]
Noll, 2017 7 148 2 777 151 2 30 0,63 [0.97; -0.29)
Noll, 2017 6,67 162 22 6,63 13 2 31 0,02 [-0.26; 0.30]
Marchalot, 2018 132 1875 54 215 27,35 a5 26 3,54 [2.84; 4.24]
Total (95% C1) 1592 1826 100 091 [0.65; 1.17]

8lended learning

Traditional learning

Heterogeneity: Tau®=0.57. df=32.12=95.8%
Testfor overall effect: Z= 6.77 {P<0.0001)

Std. Mean difference Random 95% Q1
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Figure 10. Forest plot of blended learning to traditional learning comparison for knowledge outcomes for nurses as students. df: degree of freedom,;
Cl: confidence interval.
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Figure 11. Forest plot of blended learning to traditional learning comparison for knowledge outcomes for dentistry students. df: degree of freedom,;

ClI: confidence interval.

Blended learning Traditional learning

Study or subgroup Mean sD Total Mean sD Total
Lowe, 2001 31,8 15,2 39 25 16,7 46
Lowe, 2001 50,3 14 39 50,2 17.4 46
Howerton, 2004 84,4 9,28 25 82,5 10,07 24
Howerton, 2004 84,4 9,28 25 75 7,07 26
Gadbury-Amyot, 2012 95,75 10 309 82 12,75 300
Rouse, 2010 773 11,5 20 74 11 26
Boynton, 2007 78,22 7,67 98 7472 12,56 106
Total 555 574

Std, Mean Difference IV, Std. Mean difference Random 95% Cl

Weight Random, 95% CI

12.2 0,42 [-0.01; 0.85] L

12.4 0,01 [-0.42; 0.53]  —

80 0,17 [-0.39; 0.74] —_—

74 1,13 [0.53; 1.72] —_—————
31.3 0,33 [0.17; 0.49] —

7.5 0,29 [-0.30; 0.88] — 1

21.0 0,33 [0.06; 0.61] -

100 035  [0.17; 053] e . ,

Heterogeneity: Tau’=1.05. df=6. 12=94.9%
Test for overall effect: Z= 2.99 (P=0.008)

Risk of Bias

Risk of biasisshownin Figure 12. Therisk of bias of evaluators
was avoided in several studies by using automated assessment
instruments. Thus, we rated the risk as low in 50 of the 56
studies. Nevertheless, it was till unclear whether theinstruments
had been correctly validated. Attribution bias was within
acceptable levels in some studies (low risk in 24 of the 56
studies), but thisdid not exclude voluntary biasand itsinfluence
on the estimated effect. Reporting bias was considered low in
28 of the 56 studies.

https://www.jmir.org/2020/8/e16504
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We cannot consider allocation bias as a significant problem in
this review because, if studies described an adequate
randomization method or an unclear description, it was assumed
that randomization was unlikely be defective. Performance bias
on traditional learning may be a problem, but it is impossible
to avoid in this type of research. It is possible to blind
participants in blended |earning design comparisons, but these
studiesare still rarein theliterature. We cannot reliably estimate
publication bias given the high degree of heterogeneity of the
included studies.
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Figure 12. Risk of bias summary (+ low risk of bias; - high risk of bias; ? unclear risk of bias).
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Discussion

Principal Findings

This meta-analysis provided several findings. First, blended
learning had a large consistent positive effect (standard mean
difference 1.07, 95% CI 0.85 to 1.28) on knowledge acquisition
in comparison to traditional learning in health professions. A
possible explanation could be that, compared to traditional

https://www.jmir.org/2020/8/e16504
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learning, blended learning allowed studentsto review electronic
materials as often as necessary and at their own pace, and this
likely enhanced learning performance [80]. The trim and fill
method showed that the pooled effect size changed to 0.41 (95%
Cl 0.16 to 0.66), meaning that blended learning remained more
effective than traditional learning. The strength of this
meta-analysis was that it reinforced previous results [12];
however, alarge heterogeneity was observed acrossthe studies.
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The participant subgroup analyses partially explained these
differences.

The effectiveness of blended learning is complex and dependent
on how well the evaluation fits, since it occurs before the
implementation of any innovation as well as allowing planners
to determine the needs, considering participant characteristics,
analyzing contextual matters, and gathering baselineinformation
[81]. Someinterventional studies have highlighted the potential
of blended learning to increase course completion rates, improve
retention, and increase student satisfaction [82]. Nevertheless,
comparisons between blended learning environments and the
disparity between academic achievement or grade dispersions
have been studied; no significant differences were observed
[83]. The effectiveness of blended learning may be dependent
on student characteristics, design features, and learning
outcomes. Learner success is dependent on the ability to cope
with technical difficulty, technical skills, and knowledge in
computer operations and internet navigation. Thus, the success
of blended learning is highly dependent on experience with the
internet and computer apps. Some studies have observed that
the success of blended learning was largely associated on the
capability to participate in blended course. A previous study
[84] showed that high motivation among blended learning led
to persistence in their courses. Moreover, time management is
acrucia effectivenessfactor for successful onlinelearning [85].

Second, offline blended |earning did not show a positive pooled
effect compared to traditional learning; however, 2 of the 3
studies were in nursing. These results were consistent with a
previous meta-analysis on offline digital education [86].
Nevertheless, potential benefits of offline education such as
unrestrained knowledge transfer and enriched accessibility of
health education have previously been suggested [87]. These
interventions could be focused on an interactive, associétive,
and perceptual learning experience by text, images, audio-video,
or other components [88,89].

Third, the effect of digital learning on knowledge outcomes
presented incons stent effects according to the group or subgroup
analysis. Overall, the 8 digital blended learning studies showed
anonsignificant effect compared to traditional |earning whereas
in the medicine subgroup, digital learning had a positive effect
(standard mean difference 0.26, 95% Cl 0.07 to 0.45). Previous
studies[18,90] have shown similar results. Neverthel ess, George
et al [18] showed the effectiveness of digital learning for
undergraduate health professionals compared to traditional
learning.

Fourth, in the 10 studiesrel ated to computer-assisted instruction,
we observed a significant difference in knowledge acquisition
outcomes. Furthermore, the difference was higher in the
medicine subgroup. This finding must be interpreted with
caution because of the high level of heterogeneity (all
computer-assisted  instruction: 12=78.0%; medicine
computer-assisted instruction: 12=97.9%). Previous studies
showed that computer-assisted instruction was equally as
effective as traditional learning [91]. Nevertheless, the results
of these studies also had high level s of heterogeneity and require
cautiousinterpretation. We believe that acomparative approach
focusing on the differences in intervention design, sample

https://www.jmir.org/2020/8/e16504
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characteristics, and context of learning is needed to better
understand the effectiveness of computer-assisted instruction.
Computer-assisted instruction could be perceived negatively
by some students and impact outcomes.

Fifth, the participants in Al-Riyami et a’s study [92] reported
difficulties accessing the course because of network difficulties
with university’s server and internet; therefore, the asynchronous
features of the discussion boards were not used to their full
potential in this study. Both problems could have emerged
regardless of the online course. In traditional learning, students
may choose not to engage in discussions, and internet
connectivity issues can happen anywhere. This supports the
contention above that local conditions, rather than a general
effect, may render one or the other mode of instruction
preferable to the other.

Sixth, virtual patient blended learning had an overall positive
pooled effect when compared to traditional learning on
knowledge outcomes; this was also found in a similar
meta-analysis [93]. Our observations also supplement the
evidence in previous reviews [94,95] which included studies
since 2010. Nevertheless, virtual patient simulations
predominantly affect skill rather than knowledge outcomes.
This could explain thelow number of studiesand thelow added
value of virtual patient in comparison to traditional learning.
Virtual patients have greater impact in skillstraining, in applying
problem solving, and when direct patient contact isnot possible
[93]. Asproposed by Cook and Triola[96], virtual patients can
be said to be amodality for learning in which learners actively
use and train their clinical reasoning and critical thinking
abilities before bedside learning [96]. Nevertheless, some
exceptions can be noted. A need for more guidance within
virtual patient simulations may appear in studies with different
instructional methodswhere narrative virtual patient design was
better than more autonomous problem-oriented designs [97].
Feedback given by humansin avirtual patient system was better
than an animated backstory in increasing empathy [98], but no
feedback had no more positive result on the outcomes than
learning from a virtual patient scenario [99]. This reminds us
that presenting realistic patient scenarioswith agreat degree of
freedom may not be an excuse for neglecting guidance in
relation to learning objectives [100].

Strengthsand Limitations

This meta-analysis had numerous strengths. An evaluation of
the effectiveness of blended learning for health professionsis
timely and very important for both health educatorsand learners.
Weintentionally kept our scope broad in terms of learning topic
and included all studies with learners from health professions.

The samples used in this study consisted in various health
professionals (in medicine, nursing, dentistry, and others) across
a wide variety of health care disciplines. Although, these
observations could explain the high level of heterogeneity, we
found moderate or large effects for the pooled effects sizes of
almost all subgroup analyses exploring variationsin participant
types. Thus, these results could suggest that health carelearning
should use blended learning in several and various disciplines
of health learning.
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However, some limitations must be considered. The systematic
literature search encompassed one database (MEDLINE) with
few exclusion criteria. The quality of the analyses was dependent
on the quality of data from the included studies. Although the
standard deviation of some interventions was not available due
to poor reporting, we used the average standard deviation of the
other studies and imputed effect sizeswith concomitant potential
for error. Results of subgroup analyses should be interpreted
with caution because of the absence of a priori hypotheses in
some cases, such as study design, country socioeconomic status,
and outcome assessment. In addition, since variability of study
interventions, assessment instruments, circumstances were not
assessed and could be potential sources of heterogeneity, this

Vallée et a

Conclusions

This study hasimplicationsfor research on blended learning in
health professions. Even though conclusions could be weakened
by heterogeneity across studies, the results of this synthesis
reinforced that blended learning may have a positive effect on
knowledge acquisition related to health professions. Blended
learning could be promising and worthwhile for further
application in health professions. The differencein effectsacross
subgroup analyses of health population indicated that different
methods of conducting blended courses could demonstrate
differing effectiveness. Therefore, researchers and educators
should pay attention to how to implement a blended course
effectively. Thisquestion may be answered successfully through

should aso be cause for cautious interpretation of results.

. o ) studies directly comparing different blended instructional
Finally, publication bias was a so found.

methods.
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