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A B S T R A C T

Blended learning, deﬁned as a combination of face-to-face and online learning, is expected to lead to improved education. Besides, practical reasons, like increased access to
education and resource management, are mentioned for its implementation. To examine
whether the expectation of improved education is met, meta-analyses were conducted. They
revealed that, on average, blended learning is somewhat more effective than more traditional learning. Additionally, students evaluated it as equally attractive, but seemed to perceive
it as more demanding. In sum, blended learning is equal, or maybe even better, than more
traditional learning. However, the effects on effectiveness, attractiveness and perceived
demands differed much between studies. Moderator analyses found that quizzes positively affect the effectiveness and attractiveness of blended learning. Concluding, blended learning
has potential to improve education, when thoughtfully designed, for example by the inclusion of frequent quizzes.
© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction
Blended learning is a popular concept. A common aspect in many deﬁnitions of blended learning is that it combines
online and face-to-face learning (e.g., Graham, 2013). Hence, it is assumed to combine the advantages of both (e.g., Delialioglu
& Yildirim, 2008; Feist, Ciccarelli, McFerron, & Molleston, 2013; Vernadakis, Giannousi, Tsitskari, Antoniou, & Kioumourtzoglou,
2012). Blended learning is widely used in higher education (Allen, Seaman, & Garrett, 2007; Bonk, Kim, & Zeng, 2006); and
it is also used in K-12 education (e.g., Picciano, Seaman, Shea, & Swan, 2012) and in the corporate world (e.g., Bonk et al.,
2006; Kim, Bonk, & Oh, 2008).
Blended learning is the focus of many research studies (Drysdale, Graham, Spring, & Halverson, 2013). Part of the studies
on blended learning are comparisons of blended and face-to-face learning (Drysdale et al., 2013; Halverson, Graham, Spring,
Drysdale, & Henrie, 2014). These studies are particularly interesting, as they enable us to draw conclusions about the effects
of blended learning on effectiveness, student satisfaction and evaluations of required investments, compared to more traditional education. With a meta-analysis the results from these comparisons can be combined into one statistical synthesis,
to draw stronger overall conclusions. This article presents meta-analyses examining the effects of blended learning on effectiveness, student satisfaction and evaluations of required investments. However, before describing our meta-analyses,
ﬁrst the main reasons for implementing blended learning are described in the next section. Subsequently ﬁndings of previous meta-analyses are discussed as well as the main methodological differences between those previous meta-analyses
and our meta-analyses.
1.1. Improved education and practical reasons for the implementation of blended learning
Improving education is one of the main reasons to implement blended learning (e.g., Graham, 2006, 2009). Internet and
computers, mostly used to access the internet in studies on blended learning, offer opportunities to include more, authentic, varied and different instructional materials and innovative learning activities. It is, for example, easier to incorporate
frequent quizzes or self-tests in a blended learning environment than in a more traditional learning environment. Moreover, the computer can automatically score the answers of the students on those quizzes or self-tests and provide the students
with feedback (e.g., Cole & Robertson, 2006; Jia, Chen, Ding, & Ruan, 2012; Riffell & Sibley, 2005).
Additionally, the introduction of blended learning in a course might lead to rethinking of the instructional design and
the investment of additional time and effort in the design (Kaleta, Skibba, & Joosten, 2007). The capabilities and affordances
of computers and internet as well as the additional time and effort put into the course design might trigger a shift toward
a more active and learner-centered approach (Graham & Robison, 2007; Kaleta et al., 2007; see also e.g., Adileh, 2012; Taradi,
Taradi, Radić, & Pokrajac, 2005; Vernadakis, Antoniou, Giannousi, Zetou, & Kioumourtzoglou, 2011; Yang, 2012).
Furthermore, in blended learning learners have, to some extent, control over their learning. They can, for example, work
on their own pace, choose to revisit materials and/or choose when to study (e.g., Feist et al., 2013; Salyers, 2007; Yapici &
Akbayin, 2012; Yang, 2012). This control might give them the possibility to adapt the learning materials to their individual
needs or preferences (e.g., Cole & Robertson, 2006; Kavadella, Tsiklakis, Vougiouklakis, & Lionarakis, 2012). However, also
other capabilities of blended learning might give students the possibility to adapt the learning materials to their individual
needs or preferences. Examples of such capabilities are the choice between a variety of learning materials explaining concepts (Chandra & Watters, 2012) or the choice to use e-mail and discussion fora (e.g., Cole & Robertson, 2006). Blended learning
is also assumed to better meet the needs of a diverse population of students (e.g., Adileh, 2012; Cole & Robertson, 2006;
Edwards, Kitzmiller, & Breckenridge-Sproat, 2012; Picciano, 2009; Yapici & Akbayin, 2012). It is, for example, stated to better
meet the needs of students with different learning styles (Adileh, 2012; Rudestam & Schoenholtz-Read, 2010; Yapici & Akbayin,
2012). Blended learning has this capability, because it combines different forms of instruction (Picciano, 2009). Additionally, by the incorporation of technology, blended learning might also be better able to meet the needs of the current generation
of students, who are surrounded by computers in their daily life (Costello, Lenholt, & Stryker, 2004; Lancaster, Wong, & Roberts,
2012). Additionally, blended learning can include activities which guide, support or force students to space their learning
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(e.g., Chandra & Watters, 2012; Riffell & Sibley, 2005). This spacing can positively affect the students’ learning outcomes
(Budé, Imbos, Van de Wiel, & Berger, 2011; Dempster, 1988; Smith & Rothkopf, 1984). An example of an activity which might
support or force students in spacing their learning activities are frequent quizzes (Mawhinney, Bostow, Laws, Blumenfeld,
& Hopkins, 1971; Riffell & Sibley, 2005). Frequent after school chat sessions in small groups moderated by the teacher might
have a similar effect. They can also force or encourage students to space their learning activities (Chandra & Watters, 2012).
Besides improving education, two other main reasons for the implementation of blended learning are speciﬁed by Graham
(2006, 2009): Increased access to education and resource management. Blended learning might, for example, be more accessible for students who live far from the educational institute (e.g., Forte & Root, 2011; Newhouse, Buckley, Grant, & Idzik,
2013; Tamim, 2012). It might also be more accessible for students who have to combine the study with work or care for a
family (e.g., Cole & Robertson, 2006; Newhouse et al., 2013; Tamim, 2012). Additionally, when face-to-face contact time or
seat time is reduced in blended learning, fewer classrooms might be needed. This might lead to a reduction in costs (e.g.,
Grasl et al., 2012; Perkins et al., 2012). However, these more practical reasons are according to some authors not reasonable or at least disputable (Jaggars & Bailey, 2010; Means, Toyama, Murphy, & Baki, 2013).
Blended learning is expected to improve education, because the advantages of online and face-to-face learning are combined (e.g., Delialioglu & Yildirim, 2008; Taradi et al., 2005; Vernadakis et al., 2012). Possible advantages of the online part
could be the opportunities to include more, authentic, varied and different instructional materials and innovative learning
activities. In blended learning there is also still some face-to-face contact and interaction between students and between
the students and teacher. Blended learning might, however, also combine the disadvantages of both (Graham, 2006, 2009).
Students might, for example, have more diﬃculties in blended learning courses with managing their time, with selfregulating their learning (e.g., Aycock, Garnham, & Kaleta, 2002; Kaleta et al., 2007; Senn, 2008) or with dealing with the
complexity of authentic tasks (Van Merriënboer, Kirschner, & Kester, 2003). Furthermore, giving students access to more
learning materials and activities might have the consequence that they spend more time on the course. This might lead to
improvements in learning outcomes, but it might make the course also more demanding (Kaleta et al., 2007). This could
make learning less eﬃcient rather than more eﬃcient (Graham & Robison, 2007).
Consequently, it is not sure that blended learning improves education. Hence, a study examining the effects of blended
learning on effectiveness, student satisfaction and evaluations of required investments is needed. Our study investigates
with meta-analyses whether blended learning is more, equally or less effective and attractive as more traditional learning.
Besides, it will explore whether blended learning is evaluated to require more, equal or less investments than more traditional learning. Learning environments do not directly inﬂuence students’ learning behavior and outcomes. Their effects are
mediated by the students’ perceptions (Könings, Brand-Gruwel, & Van Merriënboer, 2005; Könings, Brand-Gruwel, Van
Merriënboer, & Broers, 2008). Hence, it is important to study the effects of a learning environment on students’ satisfaction
and evaluations of required investments, in addition to its effects on effectiveness.

1.2. Previous meta-analyses
Previous meta-analyses examining the effect of blended learning or blended and computer technology-enhanced learning on learning outcomes and student satisfaction are presented in ﬁve articles: Bernard, Borokhovski, Schmid, Tamim, and
Abrami (2014); Means et al. (2013); Schmid et al. (2014); Sitzmann, Kraiger, Stewart, and Wisher (2006); and Tamim, Bernard,
Borokhovski, Abrami, and Schmid (2011). As can be seen in Table 1, these previous meta-analyses mostly found positive
effects in the small to medium range for learning outcomes. The only exception is the medium positive effect size for procedural knowledge found by Sitzmann et al. (2006). However, this effect size is based on a small sample (i.e., six studies).
Only a few of these previous meta-analyses examined also students’ evaluation, satisfaction, or reactions, and their results
were less consistent (see Table 1). Schmid et al. (2014) mostly found positive effects in the small to medium range. The exception is one trivial positive effect size. In contrast to these results of Schmid et al. (2014), Sitzmann et al. (2006) found a
trivial negative effect.
Our meta-analyses, however, aim to give a better overview of the effects on effectiveness and student satisfaction of current
implementation of blended learning than previous meta-analyses. They differ from previous meta-analyses in four ways
(see Table 1). First, previous meta-analyses also included older studies. The possibilities of the internet and web-based tools
have increased a lot, since the nineties. Many more videos, animations and other types of multimedia are available online
yet than in the nineties, for example. Additionally, the availability and the capabilities of the computers and infrastructure
in schools have improved much since then. This might have affected the design of blended learning environments, and as
a consequence, also the effects of blended learning on effectiveness and student satisfaction. Therefore, we have excluded
publications from before 2005. Second, previous meta-analyses often did not include all levels of education and training,
which might have limited their ﬁndings. Hence, in our meta-analyses all levels of education and training are included. Third,
in previous meta-analyses the affective measures also included self-evaluations of learning progress (Schmid et al., 2014)
and perceptions of diﬃculty (Sitzmann et al., 2006). By consequence, measures combined rather distinct concepts that might
not clearly be related to each other. Our satisfaction measure focuses more on student satisfaction with the course and/or
teacher rather than on a combination of evaluations. Fourth, previous meta-analyses have used different search terms and
different deﬁnitions of blended learning. This has inﬂuenced the studies found and included, and, by consequence, might
have affected the effects of blended learning on learning outcomes and satisfaction found. By following the considerations
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Table 1
Average effect sizes found in previous meta-analyses for learning outcomes and satisfaction.
Study

Average effect
size (effectiveness)

Bernard et al. (2014)

+0.33

Means et al. (2013)
Analysis for blended
learning
Tamim et al. (2011)
Secondary meta-analysis
Tamim et al. (2011)
Validation study
Schmid et al. (2014)
Whole data-set

+0.35

Schmid et al. (2014)
Re-analysis for blended
learning

Sitzmann et al. (2006)
Analysis for blended
learning

Average effect
size (satisfaction)

+0.35
+0.33
Combined: + 0.27
No technology in
control: + 0.25
Some technology
in control: +0.31
No technology in
control: +0.35
Some technology in
control: +0.28
Declarative knowledge: +0.34
Procedural knowledge: + 0.52

+0.21
No technology in
control: +0.27
Some technology
in control: +0.11
No technology in
control: +0.33
Some technology in
control: insuﬃcient
studies
−0.15

Main differences with our meta-analyses
-

Different deﬁnition for blended learning
Part from a combined dataset
Included older studies as well
Formal post-secondary education only
Search terms aimed at web-based learning
Different deﬁnition for blended learning
Included older studies as well
Blended and technology-enhanced learning combined
Included older meta-analyses as well
Blended and technology-enhanced learning combined
Included older meta-analyses as well
Blended and technology-enhanced learning combined
Included older studies as well
Formal post-secondary education only
Included self-evaluation as well

-

Different deﬁnition for blended learning
Part from a combined dataset
Included older studies as well
Formal post-secondary education only
Affective measures included self-evaluation
Search terms aimed at web-based learning
Included older studies as well
Work-related trainings only
Affective measures included perceptions of diﬃculty

of the authors of articles, we aim to provide a purer measure of the effects of blended learning on learning outcomes and
satisfaction as it is deﬁned by the authors of articles.
In our meta-analyses, the considerations of the authors of articles were followed with some restrictions. In order to be
included, blended learning had to be a combination of online and face-to-face education in which the e-learning part was
more than only an addition to the more traditional education in the control condition. So, authors of articles were not followed when blended learning was not a combination of online and face-to-face learning. When the online part was only
an addition in time, resources or activities to the more traditional education, the comparison between education with this
addition and without it would not be a sensible comparison. Therefore, studies were excluded when the e-learning part
did not replace a part of the learning time, resources or activities from the more traditional learning environment.
Blended learning might require the investment of more time, effort or work, as suggested by Sitzmann et al. (2006) when
explaining the slightly negative effect size for learners’ reactions in their study (see Table 1). This investment of more time,
effort or work could also have led to higher effectiveness of blended learning, and, hence, to the positive effect sizes for learning outcomes found by them (see Table 1). However, they state that more research is needed to examine this suggestion.
Therefore this issue will be explored in our meta-analysis on evaluations of required investments.
1.3. Research objectives
The objective of this study is to investigate the effectiveness, student satisfaction and student evaluations of required
investments of time, work or effort with blended learning compared with more traditional learning. In addition to the average
effects, the variability of the effects of blended learning on these different outcome measures is examined. When signiﬁcant variability is found, it is interesting to consider conditions under which blended learning is more or less successful.
For this purpose the following variables were examined in moderator analyses for learning outcomes and satisfaction: Allocation (i.e., way of assigning students to either blended learning or control condition), educational level, subject matter,
duration, communication and quizzes.
Allocation is studied because it might affect the results when students are in the condition which they prefer. Postsecondary education differs in a number of ways from primary and secondary education. To explore whether this affects
the results, this categorization was included in the moderator analyses. Additionally, it was explored whether blended learning was more effective or attractive for particular types of subject matter. It might also be that students need to get used to
the new type of education. Hence, it might be that effects on effectiveness and satisfaction can only be found in courses
with a longer duration. On the other hand, it might be that the effects of a new type of education on effectiveness and satisfaction can only be found as long as the education is perceived as new and special by the students. This latter would imply
that effects of blended learning on effectiveness and satisfaction would only be found with short courses or trainings. The
effects of blended learning on effectiveness and satisfaction probably also depend on how blended learning is implemented. Hence, two features of the implementation are included as moderators. It is examined whether the type of
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Table 2
Search terms used in the literature search.
First group of terms

Second group of terms

Third group of terms

Blended, hybrid,
“mixed mode”, or
web-enhanced

Learn*, instruct*, educ*, teach*, curricul*,
course, lesson, format, module, class, classes,
program, or programme

Off-line, oﬄine, *campus*, lectur*, workshop, hands-on,
control, traditional*, formal*, regular*, conventional*,
face-to-face, “face to face”, f2f, in-class, classical*, or classroom

communication in the distance part of the blended learning environment affects the results for effectiveness and satisfaction. A distinction is made between no information on communication, asynchronous communication only, and both
asynchronous and synchronous communication. Asynchronous communication provides learners with more ﬂexibility with
regard to the moment at which they study. It might also lead to more reﬂective learner behavior. But, on the other hand,
asynchronous communication lacks the spontaneity and more social interactions of synchronous communication (Rudestam
& Schoenholtz-Read, 2010). Quizzes, tests or self-assessments are learning activities which can easily be implemented online,
especially because the computer can score the answers of the students and provide students with feedback (e.g., Cole &
Robertson, 2006; Jia et al., 2012; Riffell & Sibley, 2005). Quizzes have been found to lead to better learning outcomes
(Bangert-Drowns, Kulik, & Kulik, 1991; Dirkx, Kester, & Kirschner, 2014; Pashler et al., 2007; Roediger & Karpicke, 2006)
and more favorable student opinions (Bangert-Drowns et al., 1991). Hence, the effects of including quizzes on the effectiveness and satisfaction of blended learning are examined.
2. Method
2.1. Literature search
Records with one or more terms from each of three groups of terms (see Table 2) in the title or abstract were searched
in PubMed on August 12, 2013 and in ERIC and PsycInfo on August 14, 2013. Additionally, a limitation to peer reviewed
sources was set in PsycInfo and ERIC and a limitation to the English language in PsycInfo and PubMed. Subsequently, records
of sources published before 2005 were excluded. In total 2463 non-duplicate records of sources published in or after 2005
were found.
The abstracts of these records were rated as either irrelevant or potentially relevant by two of the authors (either IS or
KK). Sources which were clearly not about a comparison between blended learning and more traditional learning were excluded. Based on 238 abstracts (about 10%) rated by both, the interrater reliability was found to be good (kappa = 0.72). From
the 2463 abstracts, 222 sources were selected as potentially relevant. Three articles were not obtained and one source was
excluded because it was a report rather than a peer-reviewed journal article. The full texts of 218 records were retrieved
and inspected to determine whether the study described was suitable for inclusion. A couple of borderline cases were discussed. Finally, 47 articles were included. The reasons for exclusion and the number of studies excluded for that reason are
presented in Table 3.
2.2. Measures
Objective measures and subjective measures of effectiveness were used. Objective effectiveness measures include the
scores on a post-test, gains in test scores, course grades, and evaluations of assignments, exercises or skills by someone else
than the student himself. Results were excluded when measures were clearly aimed at measuring the results at a delayed
point in time. Subjective effectiveness measures include self-assessment and course evaluation measures, being post-test

Table 3
Reasons for exclusion of articles and numbers of articles deleted for that reason.
Reason

Number
of deleted
studies

Study did not quantitatively compare blended learning and more traditional face-to-face learning with two independent groups of
students
Difference in the content, aims, or tests for objective effectiveness or too large difference in pedagogy and/or learning activities in the
two conditions
No a priori competence measurement for objective effectiveness, or a clear difference in favor of the blended group on the a priori
competence measurement, and no data for satisfaction, subjective effectiveness or investment evaluations
Insuﬃcient statistics presented in the article and no suﬃcient additions obtained by the author
Severe methodological or statistical ﬂaws, for example multiple inclusion of data of students or less than eight students in one or
both conditions
Other, for example no useful measure, only dichotomous measures or only evaluation of online part of the blended learning

86

N.B. An article might be excluded for more than one reason, but in this table only one reason for exclusion is given for each article.

23
27
12
12
11
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scores or gain scores on a perceived self-eﬃcacy measure, and self-assessment ratings with regard to the achievement of
course objectives, subjective learning gains, amount learned, and ability or conﬁdence in ability. The satisfaction measures
that were used were course evaluation measures and subscales and items evaluating different aspects of the course, course
materials and instructors. Items about diﬃculty and self-evaluation were excluded when data were provided on an item
level rather than on an aggregated level. Investment evaluations are measured by items asking for the amount of work or
effort devoted or the appropriateness of the time or work devoted.
2.3. Coding of moderator variables
As can be seen in Table 4, six variables were coded as possible moderators: Allocation (i.e. way of assigning students to
either blended learning or control condition), level of education, subject matter, duration, type of communication in the
online or distance part of the blended learning and quizzes. The communication in the online or distance part could be twoway or one-way and between the teacher and students and/or between students. The availability of quizzes included the
availability of self-tests and frequently administered other tests as well.
In the moderator analyses only categories with ﬁve or more studies were included. For communication and for quizzes,
the missing category was seen as a meaningful category, when ﬁve or more studies were available. For allocation and for
duration it was not considered meaningful to include the missing category in the moderator analyses.
2.4. Effect size calculation and analyses
Data were analyzed with the software program Comprehensive Meta-Analysis (CMA, Version 2.2.064). Hedges’ g was
used, which is based on Cohen’s d, but adjusted for small sample size bias (Hedges, 1981). Hedges’ g was calculated by CMA
based on means, standard deviations and numbers of participants, based on differences between means, numbers of participants and t-values or square roots of F-values, or based on Cohen’s d and variance calculated by Wilson (n.d.) Practical
meta-analysis effect size calculator (http://www.campbellcollaboration.org/escalc/html/EffectSizeCalculator-Home.php). This
latter effect size calculator was used when studies presented means, standard errors and numbers of participants, frequency distributions or numbers of participants and distributions with proportions. For some effect sizes numbers of participants
had to be estimated, based on, for example, the reported degrees of freedom. According to Cohen (1988) an effect size of
0.2 is small, 0.5 medium-sized and 0.8 large.
Random effects models, in which the study’s variance consists of a within study variance component and a between studies
variance component, were used. Studies were weighted by the inverses of their variances (Borenstein, Hedges, Higgins, &
Rothstein, 2009; Lipsey & Wilson, 2001). The square root of the between studies variance component is an estimation of
tau (i.e., the standard deviation of the true effects) (Borenstein et al., 2009).
When the Q-test for heterogeneity is signiﬁcant, this implies that the variability in the effect sizes is larger than can be
expected based on sampling error only. To give an indication of the magnitude of the heterogeneity (rather than its significance) I2 is reported, which can be interpreted as the ‘percentage of total variation across studies that is due to heterogeneity

Table 4
Moderator variables coded with the associated categories.
Moderator variable
Allocation

Educational level
Subject matter

Duration

Communication in the
online or distance part
Quizzes

Categories
- Selected (i.e. allocation based on own choice of students, based on on-campus and off-campus or on access to
computers for students in the blended group)
- Groups (i.e. allocation based on groups, like classes, years or semesters)
- Unknown type of allocation or none of the previous ones
- K-12
- Post-secondary
- Alpha (i.e. language or music)
- Beta (i.e. physics, science and technology, non-human-health-related biology, engineering, statistics, programming
and other computer-related subjects)
- Gamma (i.e. wellness, psychology, interpersonal skills, social work, educational technology or economic, ﬁnancial,
marketing and management subjects)
- Health related (i.e. human-health-related biology or medical, paramedical, dentistry or nursing subjects)
- Unknown
- Long (i.e. 14 or more weeks or a semester, not explicitly stated to be shorter than 14 weeks)
- Short (i.e. between a few hours on one day until 13 weeks, including semesters shorter than 14 weeks)
- Unknown number of weeks
- Both (i.e. synchronous as well as asynchronous communication)
- Asynchronous (i.e. asynchronous communication or communication of an unspeciﬁed or insuﬃciently speciﬁed type)
- No (i.e. no information on communication or no communication)
- Both (i.e. available in both conditions)
- Blended only (i.e., available in blended learning, but not available in or insuﬃcient information for more traditional
learning)
- No (i.e. no information for or not available in both conditions)
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rather than chance’ (Higgins, Thompson, Deeks, & Altman, 2003, p. 558). I2 is considered to be small if about 25%, moderate if about 50% and high if about 75% (Higgins et al., 2003).
Moderator analyses of the analog to variance analysis type were performed for objective effectiveness and satisfaction.
For subjective effectiveness and investment evaluations too few studies were found to conduct moderator analyses. Mixed
effects models with a pooled estimate of tau were used (Borenstein et al., 2009). To further explore the effects of signiﬁcant
moderator variables with more than two categories, post-hoc pairwise comparisons were conducted. To correct for the use
of multiple post-hoc tests, the alpha level for those tests was divided by the number of post-hoc pairwise comparisons conducted.
For objective effectiveness, subjective effectiveness and satisfaction, histograms and boxplots of the effect size distribution made with SPSS and standardized residuals obtained from CMA were used to determine which study was the most
deviant from the other studies. To determine whether outliers might have substantially affected the results for these three
concepts, it was examined with ‘one study removed’ analyses what the results were when that most deviant study was excluded. Additionally, it was determined based on the statistics of kurtosis and skewness obtained with SPSS whether the
effect size distributions did not substantially deviate from normality.
2.5. Non-independence
One study presented descriptive statistics for boys and girls in the two conditions separately. These data were combined with CMA. Three studies presented data for two control groups and one blended learning group or for one control
group and two or three blended learning groups. Before being entered in CMA, the descriptive statistics of these studies
were pooled for the condition for which there were two or three groups with the following formulas:

M = (n1 ∗ M1 + n2 ∗ M 2 + n3 ∗ M3 ) (n1 + n2 + n3 )
and

sd = SQRT ((df1 ∗ sd1 ∗ sd1 + df2 ∗ sd2 ∗ sd2 + df3 ∗ sd3 ∗ sd3 ) (df1 + df2 + df3 ))
When statistics for measures assessing different concepts (i.e., objective effectiveness, subjective effectiveness, satisfaction, and investment evaluations) were obtained from the same study, the effect sizes were treated as independent data
points. When suﬃcient statistics for measures assessing the same concept were obtained from the same study, these statistics were combined in CMA with a ﬁxed effect meta-analysis, before being entered in the main meta-analyses. In combining
these data a correlation of 1.0 was assumed between the measures. When different numbers of participants were associated with the data for the different measures to be combined, the lowest number of participants was inserted in CMA
for all measures for that particular construct. This combining was not performed when one or more of the measures were
a scale and the other or others were one or more separate items. In this case only the data for the scale or scales were
used.
3. Results
Sample characteristics, the average weighted Hedges’ g and associated 95% conﬁdence intervals as well as the results
for the Q-test for heterogeneity and I2 are presented in Table 5.
3.1. Effectiveness
The average weighted Hedges’ g for objective effectiveness was signiﬁcantly positive and in the small to medium range
(see also Fig. 1). Also for subjective effectiveness a positive, small to medium effect was found (see also Fig. 2). The heterogeneity in the effect sizes was signiﬁcant for both types of effectiveness. For objective effectiveness, a large percentage of
the observed variance was estimated to be due to heterogeneity (and not due to sampling error), and for subjective effectiveness a moderate percentage. The heterogeneity can also be seen in the forest plots in Figs. 1 and 2. In the section on
moderator analyses we will explore for the moderator variables whether they are associated with the magnitude of the effect
sizes for objective effectiveness.

Table 5
Descriptives and the results of the Q-test for heterogeneity for each of the included concepts.
Concept

# Effect sizes
(# articles)

#
Students

Average weighted
Hedges’ g (95% CI)

Q(p)

I2

Objective effectiveness
Subjective effectiveness
Satisfaction
Investment evaluations

24 (24)
11 (11)
30 (30)
4 (4)

4155
950
3574
312

0.34 (0.17–0.52)
0.27 (0.06–0.47)
0.11 (-0.01 to 0.22)
−1.04 (−1.98 to −0.10)

139.60 (<.01)
22.93 (.01)
67.29 (<.01)
35.29 (<.01)

83.52%
56.39%
56.90%
91.50%
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Fig. 1. Forest plot for objective effectiveness with Hedges’ g, SE and n in both conditions for each included study.

Fig. 2. Forest plot for subjective effectiveness with Hedges’ g, SE and n in both conditions for each included study.
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A histogram, boxplot and standardized residuals for objective effectiveness showed that the effect size based on Yapici
and Akbayin (2012) was the most deviant. Analyses with one study removed in CMA showed that Hedges’ g without this
study was 0.29 (95% CI = 0.13–0.45). So, deletion of this study did not have a large impact. This showed that the average
effect size for objective effectiveness is not severely inﬂuenced by outliers. Based on the histogram and boxplot of the effect
sizes for subjective effectiveness, none of the effect sizes could be deﬁned as an outlier. According to the standardized residuals the effect size based on Arroyo-Morales et al. (2012) was the most deviant, although the standardized residual was
even for this effect size lower than 2. One-study-removed analyses revealed that the average weighted effect size, after removing Arroyo-Morales et al. (2012), was 0.21 (95% CI = 0.02–0.41). So, removing this study did not change the results much,
which implies that the effect of outliers was limited. The skewness and kurtosis of the effect size distribution for objective
effectiveness were .56 and .82 and for subjective effectiveness 0.58 and −0.17. So, these distributions were not very deviant
from normal distributions.
3.2. Satisfaction
For satisfaction, a non-signiﬁcant trivial average effect size was found. Additionally, signiﬁcant heterogeneity was found.
I2 indicated that a moderate percentage of the observed variance could be considered to be due to heterogeneity rather than
due to sampling error. In the forest plot presented in Fig. 3, it can also be seen that the effect sizes varied. In the section on
moderator analyses, results are presented for tests investigating for the moderator variables whether they were associated
with the magnitude of the effect sizes.
The standardized residuals revealed that the effect size based on Krawiec, Salter, and Kay (2005) was the most deviant.
With one-study-removed analyses in CMA it was found that Hedges’ g without this study increases to 0.13 (95% CI = 0.02–
0.24). This implies that the results did not change much when this study was removed. The next most deviant effect size
was the one based on Kumrow (2007). This effect size also appeared to be deviant in the boxplot and histogram. However,
this was a positive effect size in contrast to the effect size based on Krawiec et al. (2005). Hence, the effect of removing this
study would counteract the effect of removing Krawiec et al. (2005). Besides, the standardized residual for Kumrow (2007)

Fig. 3. Forest plot for satisfaction with Hedges’ g, SE and n in both conditions for each included study.
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Fig. 4. Forest plot for investment evaluations with Hedges’ g, SE and n in both conditions for each included study.

was below 2. The skewness and kurtosis of the effect size distribution were −0.15 and 0.39. So, the distribution was not
very deviant from a normal distribution.
3.3. Investment evaluations
A signiﬁcant negative average effect size for investment evaluations was found. It was a large effect, but this effect size
was based on only four studies. Additionally, signiﬁcant heterogeneity was found and a large percentage of the observed
variance could be considered to be due to heterogeneity (see also Fig. 4).
3.4. Moderator analyses for objective effectiveness and satisfaction
The test results for the moderator analyses for objective effectiveness and satisfaction are presented in Table 6. Table 7
shows for which categories of the moderator variables suﬃcient data were available to compare them with each other. Only
one of the potential moderator variables, that is, quizzes, had a signiﬁcant relation with the effect sizes for objective effectiveness and for satisfaction. It appeared that the average effect size for satisfaction was higher when quizzes were available
in the blended learning condition, but no quizzes were available for the control condition (g = .27, SE = .08) than when no
quizzes were available for both conditions (g = .05, SE =.07). Two pairwise comparisons were conducted to further explore
this signiﬁcant ﬁnding for objective effectiveness. The alpha level for these two pairwise comparisons was set at 0.025. It
was found that the average effect size for objective effectiveness was higher, but not signiﬁcantly (p = .07), for the 13 studies
with quizzes in the blended learning condition but no quizzes (or no information on quizzes) for the control condition (g = 0.56,
SE = 0.12) than for the 6 studies with no quizzes (or no information on quizzes) for both conditions (g = 0.13, SE = 0.20). However,
the average effect size for objective effectiveness was signiﬁcantly higher (p = .01) for the 13 studies with quizzes in the blended
learning condition but no quizzes for the control condition (g = 0.56, SE = 0.12) than for 5 studies with quizzes in both conditions (g = −0.09, SE = 0.22). The comparison of studies with no quizzes (or no information on quizzes) for both conditions
and studies with quizzes in both conditions does not reveal information with regard to blended learning. Therefore, this
pairwise comparison was not conducted.

Table 6
Test results for the moderator analyses for objective effectiveness and for satisfaction.
Factor

Allocation
Educational level
Subject matter
Duration
Communication in the online part
Quizzes

Objective effectiveness

Satisfaction

QBetween

df

P

QBetween

df

p

0.08
2.54
<.01
1.81
1.53
8.38

1
1
1
1
2
2

.77
.11
.93
.18
.47
.02

1.04
–
5.13
0.07
2.08
4.85

1
–
2
1
1
1

.31
–
.08
.79
.15
.03
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Table 7
Included categories of the moderator variables with the associated numbers of studies.
Moderator variables

Categories

Objective
effectiveness

Satisfaction

Allocation

Selected
Groups
K-12
Post-secondary
Beta
Gamma
Health related
Long
Short
Both
Asynchronous
No
Both
Blended only
No

6 studies
10 studies
5 studies
19 studies
11 studies

8 studies
17 studies

Educational level
Subject matter

Duration
Communication in the online part

Quizzes

5 studies
9 studies
12 studies
7 studies
11 studies
6 studies
5 studies
13 studies
6 studies

6 studies
10 studies
14 studies
15 studies
10 studies
9 studies
17 studies

12 studies
15 studies

4. Discussion
Signiﬁcantly positive average effect sizes in the small to medium range were found for both objective and subjective effectiveness and a trivial non-signiﬁcant effect size was found for satisfaction. So, the effectiveness of blended learning was
on average better than for more traditional learning. Additionally, on average students are equally satisﬁed with both types
of learning. A large negative effect size was found for investment evaluations. This implies that on average, students perceived blended learning to be more demanding and/or less appropriate with regard to the required investments compared
with more traditional learning. However, the latter average was only based on four studies and should, therefore, be interpreted with care. Nevertheless, it gives a ﬁrst indication for the plausibility of the suggestion by Sitzmann et al. (2006) that
blended learning might be more demanding than more traditional education. The small to medium positive ﬁndings for
effectiveness of blended learning seem to have a cost in terms of the investments and/or the appropriateness of the investments required in blended learning.
Although on average positive effects for effectiveness and a neutral effect for attractiveness were found, there were large
differences between the studies and even examples of negative effects. For required investment also large differences between
studies were found. Such large differences in effects between studies imply that putting some materials or activities online
does not always lead to neutral or positive results.
A few of the many aspects on which studies differ from each other were included as moderator variables. For quizzes
signiﬁcant effects on effectiveness and attractiveness were found. This implies that blended learning environments with quizzes
were in general more effective and attractive. Because of the way the data are analyzed, it is not possible to infer whether
these relations are causal (Borenstein et al., 2009).
For the other investigated factors, i.e. allocation, level of education, subject matter, duration and kind of online communication, no signiﬁcant results were found. However, the power of moderator analyses is often quite low (Borenstein et al.,
2009). So, it cannot be excluded that associations between these other factors and effectiveness and/or satisfaction exist,
but were not found.
4.1. Comparison of our results with those of other meta-analyses
An average effect size in the small to medium range for effectiveness is in line with the results of previous metaanalyses (Bernard et al., 2014; Means et al., 2013; Schmid et al., 2014; Sitzmann et al., 2006; Tamim et al., 2011). With regard
to satisfaction, the results of previous meta-analyses ranged from a trivial negative effect size (Sitzmann et al., 2006) to a
small to medium positive effect size (Schmid et al., 2014). Our trivial positive effect size ﬁts in this range. So despite another
approach with regard to the description of blended learning, the inclusion of all levels of education, the use of only more
recent studies and stricter requirements for measures to be considered as assessing satisfaction, quite similar results were
found in these meta-analyses as in previous meta-analyses. This implies that the results from these previous studies are
replicable. It also shows that different approaches with regard to these issues do not largely affect the results.
In our meta-analyses, quizzes appeared to be a signiﬁcant moderator. When quizzes were available in blended learning,
but not in the more traditional condition, the effectiveness was higher than when quizzes were available in both conditions and satisfaction was higher than when no quizzes were present in both conditions. Previous meta-analyses examined
similar moderator variables. However, their moderator variables included more than only quizzes and their moderator analyses were not or not only focused on blended learning. Sitzmann et al. (2006) tested the effects of practice and feedback in
moderator analyses for the effect sizes for learning outcomes of fully online learning compared with more traditional learning. Their variable ‘practice’ was broader as our variable quizzes because it included in addition to practice exams, which
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could be a type of quiz or self-test, also other instructional aspects. Both practice and feedback appeared to be signiﬁcant
moderators, which is in line with our ﬁndings. Means et al. (2013) examined the effects of opportunity to practice and feedback provided in online and blended learning conditions in moderator analyses for a combination of effect sizes for online
and more traditional learning and blended and more traditional learning. In contrast to the ﬁndings of our moderator analyses and those of Sitzmann et al. (2006), they did not ﬁnd signiﬁcant effects of the moderators. This implies that in their
analyses no signiﬁcant differences were found between studies differing with regard to the presence or absence of opportunities to practice or to receive feedback in the experimental learning environments.
4.2. Limitations
Studies can vary on many aspects, besides the aspects examined as moderators. Studies differ also on whether they report
information about those other aspects and what they report about them. It was yet not uncommon for one or even both
conditions to be poorly described. Consequently, scoring particular aspects was diﬃcult or even impossible (cf. Bernard et
al., 2014; Means et al., 2013; Sitzmann et al., 2006) and hence also to examine whether those aspects are signiﬁcant moderators. This also hinders studying what has caused the substantial heterogeneity, and whether this heterogeneity was mainly
due to methodological problems or differences in how blended learning was implemented in different studies.
Many studies had some methodological problems, but our meta-analyses can only reveal what is found by these studies.
For example, only three articles used an experimental research design and sample sizes were also small in a number of studies.
For the studies included for objective effectiveness, which did not randomly assign participants, we required a pre-test, GPA,
or other a priori competence test to be present to judge the comparability of the groups before the study for inclusion in
our meta-analysis. This requirement could not be made for the other concepts, which could have biased our results.
The analysis methods that were used assume that the data from the students are independent from each other. However,
in some studies students had to work together or results from different courses, groups or classes were combined, which
leads to some interdependency between the data. Another assumption made in our analyses is that a latent continuous aspect
was underlying rating scales, even when only one item with a 3- or 4-point rating scale was used. Furthermore, statistics
for gain and post-test scores were mixed.
Due to different factors, it is more likely that a study is written down and published in a peer-reviewed journal, when it
shows not too small positive effects (e.g., Borenstein et al., 2009, Clark, 1983; Lipsey & Wilson, 2001). Additionally, within
studies a related type of bias could have occurred. It is, therefore, possible that information with regard to groups and variables for which positive effects are found is more likely to be reported in suﬃcient detail to be included. It cannot be excluded
that these different types of publication bias have led to an upward bias. Besides publication bias, biases due to a novelty
effect (e.g., Bracht & Glass, 1968; Chandra & Lloyd, 2008; Clark, 1983; Martínez-Caro & Campuzano-Bolarín, 2011), a Hawthorne effect (Arroyo-Morales et al., 2012; Bracht & Glass, 1968; Neumann & Hood, 2009) or a halo effect (Chen & Jones,
2007) could have affected the results.
By deleting studies in which large simultaneous changes in pedagogy and/or learning activities were implemented together with the change to blended learning, we tried to reduce the amount of confounding between blended learning and
learning activities. However, even when those most extreme confounders are deleted, conditions are still not always comparable in learning activities, and this might have inﬂuenced the results. Studies were also deleted when the online part in
the blended condition was only an addition to the more traditional education. However, even when the online parts are a
substitution for some part of the education in more traditional learning, differences in time-on-task cannot be excluded as
a factor underlying effects of blended learning on effectiveness, student satisfaction and evaluations of required investments. When the increase in effectiveness is due to a shift toward a more active and learner-centered approach, due to the
investment of more effort in the instructional design, due to increased time-on-task or due to better adaptation to the needs
of students, it is, however, disputable whether it is the implementation of blended learning, the learning activities used, or
their combination which has led to the positive results (cf. Means et al., 2013; see also Clark, 1983, 1994; Cobb, 1997; Kozma,
1991, 1994). On the other hand, some authors (e.g., Graham & Robison, 2007) state that it is important to use blended learning to transform pedagogy and use it not only for practical reasons in the sense of increased access and resource management.
So by excluding studies with too large simultaneous changes, it might be that we do not reveal the full potential of blended
learning either. Additionally, in some studies it was maybe even intended to increase time-on-task (cf., Means et al., 2013).
Sung, Kwon, and Ryu (2008) replaced, for example, 7.5 hours of lectures with 20 hours of e-learning. On the other hand, in
Edwards et al. (2012) study time for blended learning was maybe even less. This issue is about the balance between internal and external validity (Abrami & Bernard, 2006; Bernard et al., 2014). By trying to separate the effects of blended learning
and learning activities, it was aimed to improve the internal validity of the meta-analysis. From a researcher’s point of view,
internal validity is important. From this point of view it might be a limitation that it was not possible to completely separate the effects of blended learning and the effects of learning activities, pedagogy or time-on-task. From a practitioner’s
point of view, external validity is important. This validity is diminished by trying to separate these effects. In practice, blended
learning encourages the use of the capabilities offered by computers, for example through the use of more, authentic, varied
and different instructional materials and innovative learning activities. Blended learning might even be used to transform
pedagogy (e.g., Graham & Robison, 2007). For a practitioner it is a limitation from our study that the external validity was
limited and results are summarized only for studies on blended learning in which the learning activities and pedagogy did
not change too much.
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4.3. Future directions
The majority of the articles studied university students. This underrepresentation of studies with other types of learners limits the generalizability of the results to other groups (cf. Jaggars & Bailey, 2010; Lipsey & Wilson, 2001).
Underrepresentation of other populations than university students was also reported by Drysdale et al. (2013) and Halverson,
Graham, Spring, and Drysdale (2012).
Our meta-analyses do not give information about whether blended learning leads to the expected improvements in access
and resource management and whether other stakeholders (i.e., teachers, instructional designers, technical staff or other
faculty) are satisﬁed with blended learning. These topics might be diﬃcult to examine with comparative studies. Hence,
they are almost never examined in such types of studies. Similarly, other reviews (Drysdale et al., 2013; Graham, 2013; Halverson
et al., 2012, 2014) also suggest that more research is needed with regard to these issues (see also Jaggars & Bailey, 2010).
The found large variability in the effects on effectiveness, student satisfaction and evaluations of required investments
implies that not all implementations of blended learning positively affect effectiveness and student satisfaction or negatively affect evaluations of required investments. The ﬁnding that the inclusion of quizzes, tests or self-assessments has a
positive effect on effectiveness and attractiveness shows the importance of systematic, careful design of blended learning.
To inform instructional designers and teachers about how to design a blended learning environment, studies which examine
what are the critical features in a successful design of blended learning are needed. Especially suited for this purpose are
studies which compare the effects on effectiveness, satisfaction and evaluations of required investments of two or more blended
learning environments differing on particular features (cf. Bernard et al., 2009; Cook, 2009; Mayer, 2011; Tamim et al., 2011;
Schmid et al., 2014).
Another topic which would be interesting for future studies to explore in more detail is the effect of the quizzes as a
positive feature in blended learning. It would be interesting to compare blended learning environments with different types
of quizzes with regard to the learning outcomes and student satisfaction. Additionally, it would be interesting to examine
whether the types of quizzes which are most effective and attractive in blended learning differ from those which are most
effective and attractive in a more traditional learning environment. Finally, it is known that spacing of testing (Bangert-Drowns
et al., 1991; Pashler et al., 2007; Roediger & Karpicke, 2006) and learning activities (Budé et al., 2011; Dempster, 1988; Smith
& Rothkopf, 1984) positively affects learning. However, in most studies, the same material is learned or tested at multiple
occasions, while in studies on blended learning, and in education in general, a different content is learned each week. It
would be interesting to examine whether encouraging students to space learning from different contents across multiple
occasions has similar positive effects. This is yet a topic which is only scarcely examined.
4.4. Practical implications
On average, blended learning was somewhat more effective and about equally attractive. So, blended learning was not
systematically less effective and attractive than more traditional learning, rather somewhat more effective. This means that
practical advantages, like increased access and resource management, might be good reasons to implement blended learning. However, future studies should examine whether the high expectations with regard to these advantages are met (cf.
Jaggars & Bailey, 2010).
The results of four studies suggest that students perceive blended learning as more demanding or being less appropriate in the investments required. This might be an intended effect, when blended learning was implemented to improve learning
outcomes by providing learners with more instructional materials and/or having them to spend more time-on-task (Means
et al., 2013). However, it could also indicate a risk that instructional designers or teachers make blended learning more demanding (cf. Graham & Robison, 2007; Kaleta et al., 2007). On the other hand, students may underestimate the amount of
work in blended learning (Kaleta et al., 2007) or perceive face-to-face meetings not as work, but do perceive spending the
same amount of time on studying at home as work (Aycock et al., 2002). These incorrect expectations and perceptions may
be alternative explanations for the results for investment evaluations. Nevertheless, the investments required of the students for blended learning should be carefully considered during its design.
The large variability in the effects on effectiveness, student satisfaction and evaluations of required investments also suggests that not all implementations of blended learning had similar effects on these aspects. So, the high expectations in terms
of educational improvement are on average met, but not always. This implies that simply putting materials online does not
automatically lead to positive results. It is important to thoughtfully consider and rethink the instructional design, when
implementing blended learning. Quizzes or other regular tests are suggested to be associated with more effective and more
attractive blended learning. This suggests that quizzes or other regular tests are an important factor in the effectiveness and
attractiveness of blended learning. They are also easy to include in a blended learning environment and they can score the
answers of students and provide the students with feedback (e.g., Cole & Robertson, 2006; Jia et al., 2012; Riffell & Sibley,
2005).
4.5. Theoretical background for the positive effects of quizzes on learning outcomes
In our study positive effects of quizzes, tests and self-assessments on effectiveness and satisfaction of quizzes are found.
For the effects of quizzes on learning outcomes already a ﬁrm theoretical background exists. When learners make a test,
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they retrieve information from memory, which makes the path to that information in memory stronger, with the consequence that the information can be more easily retrieved on the next occasion (e.g., Dirkx et al., 2014; Pashler et al., 2007).
Additionally, feedback on the quizzes often gives useful information on correct answers (Butler, Karpicke, & Roediger, 2008;
Butler & Roediger, 2008) as well as an image of the mastery of the content by the students (Butler et al., 2008; Butler &
Roediger, 2008; Butler & Winne, 1995; Pashler et al., 2007; Roediger & Karpicke, 2006). This information on the mastery of
the content is useful in determining which aspects should be given renewed attention (Pashler et al., 2007; Roediger & Karpicke,
2006). Furthermore, when given frequently, quizzes maybe also help students in spacing their learning activities (Mawhinney
et al., 1971), which might affect learning outcomes positively (Budé et al., 2011; Dempster, 1988; Smith & Rothkopf, 1984).
Finally, when students are well prepared for face-to-face meetings, for example, because they studied for regular quizzes,
these meetings can be used to a larger extent for active learning activities (Bartini, 2008).
4.6. General conclusion
In sum, blended learning is on average somewhat more effective than more traditional learning, but equally attractive,
although it is possible that blended learning also has a cost in terms of requiring more investments. Effects on effectiveness, student satisfaction and evaluations of required investments differed much between studies. Thus, averages do not
apply to all implementations of blended learning. Fear for deterioration of the effectiveness or attractiveness of education
should not be a reason to disregard the implementation of blended learning, but blended learning also does not automatically improve education. When thoughtfully designed, blended learning has potential. The inclusion of quizzes is a factor
contributing to a successful implementation of blended learning.
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