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Abstract
For a variety of reasons, education research can be difficult to summarize. Varying contexts, designs, levels of quality, measure-
ment challenges, definition of underlying constructs, and treatments as well as the complexity of research subjects themselves can
result in variability. Education research is voluminous and draws on multiple methods including quantitative, as well as,
qualitative approaches to answer key research questions. With increased numbers of empirical research in Instructional Design
and Technology (IDT), using various synthesis methods can provide a means to more deeply understand trends and patterns in
research findings across multiple studies. The purpose of this article is to illustrate structured review or meta-synthesis procedures
for qualitative research, as well as, novel meta-analysis procedures for the kinds of multiple treatment designs common to IDT
settings. Sample analyses are used to discuss key methodological ideas as a way to introduce researchers to these techniques.
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Introduction

The goal of research synthesis is to understand results reported
in individual studies in the context of other studies. These
descriptions of past research identify gaps in the literature,
integrate research findings, and develop scientific knowledge
(Cooper 2009, 2016). With emphasis being placed on how a
study was conducted, reported outcomes, and best practice
suggestions, meta-analysis and meta-synthesis provide sys-
tematic methodologies to collect and report data across mul-
tiple studies as well as to assist researchers, practitioners, and
policy makers to make informed decisions. Research synthe-
sis also provides a rigorous process for synthesizing and gen-
erating theoretical frameworks (Finfgeld-Connett 2016).

The relationship among synthesis methods includes quan-
titative (meta-analysis), qualitative (meta-ethnography and
qualitative meta-synthesis), and mixed-methods (meta-

synthesis) approaches for analyzing collected data. Figure 1
indicates the differences among the types of synthesis
methods. These various forms of synthesis are widely used
in medicine and psychology literature, and increasingly in
education research, especially when growing numbers (e.g.
hundreds) of empirical research studies cannot be easily sum-
marized using narrative review (Gurevitch et al. 2018;
Higgins 2016).

For Instructional Design and Technology (IDT), the need
to discuss and engage in systematic reviews to provide
important updates on research findings in specific topics
relevant to the field is pressing. Reeves and Oh (2017) con-
ducted an analysis of research articles published in ETR&D to
determine the evolution of research in the field over a 25-year
period. They report that between 1989 and 1994, 40% of the
published articles consisted of literature reviews, but by 2009–
2014 that number decreased to 8%. Given the large volume of
research literature and the propensity for change in the broader
IDT field, we run a real risk of missing important trends and
gaps in the existing literature base. Using alternative methods
of review can provide increased rigor and a depth of under-
standing beyond narrative review that is more a form of data
collection and analysis.

The purpose of this article is to illustrate two systematic
review methods that can be used to gain a deeper understand-
ing of the kinds of multiple treatment designs and rich
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qualitative methods common to IDT settings. We summarize
traditional meta-analysis, Baeysian network meta-analysis,
and qualitative meta-synthesis approaches. Meta-synthesis
(mixed method) and Meta-ethnography are briefly described
as well (Barnett-Page and Thomas 2009; Finfgeld 2003;
Finfgeld-Connett 2010). A high-level comparison of meta-
analysis and qualitative meta-synthesis is provided in
Table 1 in order to compare and contrast the two techniques.

Research Synthesis Methodologies

Meta-Analysis

Meta-analysis is a statistical analysis where studies are evalu-
ated together to gain an understanding of the magnitude of
similarities and differences in the reported outcomes
(Borenstein et al. 2009; Cooper 2016; Glass 1976, 2000).
Building on the foundation of a narrative review, a typical

meta-analysis will have several common features: transparen-
cy of the search strategy including inclusion and exclusion
criteria, a clear problem statement for why a literature review
is necessary, questions that the review is attempting to address,
critique of existing work and the generation of new knowl-
edge as an outcome of the review process (Boote and Beile
2005; Torraco 2016). From there, in a quantitative meta-
analysis a researcher will engage in structured coding of study
features, beginning with an effect size for each outcome.
Effect sizes have been around for some time and can take on
many forms. They are generally an effort to quantify the rela-
tionships between variables on a common scale such as
Pearson’s r or the differences between groups such as
Cohen’s d, Hedges’ g, or an odds ratio. Researchers might
also classify the research methods, threats to validity, and
key constructs in the area of literature. Each categorical, ordi-
nal, or continuous variable is then used in subsequent analyses
to look for summary effects or trends in the existing literature.
Meta-analysis is becoming a standard means to quantitatively

Fig. 1 Relationships among
meta-analysis and meta-synthesis
methods

Table 1 Comparing and contrasting meta-analysis and qualitative meta-synthesis features

Meta-analysis Qualitative meta-synthesis

Positivist, deductive. Post-positivist, inductive.

Has an end goal of theory validation and refinement, illuminating
knowledge gaps.

Has an end goal of theory building as well as identification of knowledge
gaps.

Begin with identifiable and replicable search terms. Treat primary
research as a population study (all available research articles).

Depending on the research questions may include random, population or
purposeful sampling of existing research.

Inclusion criteria include ability to calculate an effect size alongside
specific criteria for the review which should include research quality.

Inclusion criteria include the research questions, theory underlying the work,
and clear methods.

Data include study characteristics, quantitative results--ideally raw data. Data include qualitative findings inclusive of the study’s context, methods,
analysis, researcher position, framework, and data sources.

Analysis can consist of aggregation of effect sizes, overall summary
and sub group analysis, analysis of variance.

Analysis can consist of key findings within a context discussed through
ethnography, grounded theory, case study, phenomenology, or discourse
analysis.

Results are generalizable, representative and ideally cohesive.
Explaining variance through further re-coding.

Results consist of new theory, encompass common as well as abnormal
phenomena, remain unfinished until applied in a new setting.

Quality is a function of a review that is transparent, replicable, and
based on a cohesive set of studies.

Quality is a function of triangulation from scholars, data sources, or contexts.
Good reviews have supporting evidence that go back to direct quotes from
primary research, have an audit trail and are clear about their own
researcher’s positionality.
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synthesize empirical literature (Lipsey and Wilson 2001).
There are two main categories of meta-analyses: traditional
and network (Higgins and Green 2008).

Traditional Meta-Analysis (TMA) Traditional meta-analysis in-
cludes a fixed-effect model and a random-effect model compar-
ing the differences between the treatment of interest, such as
problem-based learning, and a common control group. For
fixed-effect, the assumption is made that each study is examining
the same phenomenon and that a single true effect size exists. For
a random-effect model, each study is assumed to have its own
effect size. Researchers might choose a random-effect model if
studies compare a wide range of grade levels, ability levels, or
variations in the treatment. In both cases fixed and random-effect
models will result in a weighted mean of effect sizes. The more
precise an individual effect size is, the more weight it will be
given in the mean (Borenstein et al. 2009).

There are several possible effect sizes to use in a meta-
analysis. Correlations that explore relationships between two
variables, or frequency data for two variables like alcoholism
and domestic abuse (Lipsey and Wilson 2001). One of the
most common effect sizes is based on mean differences be-
tween a treatment and control group and could use anything
from a mean, standard deviation, and sample size, to a t-test,
F-statistic or even a p value (Cooper and Hedges 1994). As an
emerging trend, single case study designs common to special
education can be quantified as well (Barton et al. 2017). Any
single study may contain one or more outcomes of interest as
long as each outcome compares a treatment group with a
control group. For an example coding sheet from a traditional
meta-analysis (Belland et al. 2017a) see Fig. 2 below.

Note that authors need to deal with a variety of important
considerations. Outcomes may be subject to publication bias
which should be both tested and potentially accounted for.
Variations in study quality should be addressed. If studies
have multiple outcomes then reviewers will need to make a
decision about independence. Outcomes might be combined
and represented as a single outcome; reviewers may choose
the most representative outcome given the context of the
review; or they may choose, as Belland et al. (2017a) did, to
consider each outcome individually.

Outcomes for a traditional meta-analysis (see Fig. 3 below)
will generally report a summary and perhaps sub group effect
sizes. For example, Belland et al. (2017a) examined the im-
pact of computer-based scaffolding. One of the coding cate-
gories was the problem-centered pedagogy that was used
alongside the scaffolding. The overall effect (g = 0.46) clearly
favors scaffolded students over controls. For each sub-group
or paired intervention, the effect size (Hedges’ g) is generally
similar with wide variations of precision. The one exception is
project- based learning where the effect size estimate was so
high (g = 1.33) that it was not pictured on the visualization.

Traditional meta-analyses have been utilized in several IDT
related areas. Specific examples include the promise of tech-
nology enhanced mathematics instruction (Young 2017) and
relatively disappointing outcomes associated with learner con-
trol in technology-based environments (Karich et al. 2014).

While important and able to provide a good overview, sum-
mary, and analysis of sub-group differences, traditional meta-
analysis has key challenges. A traditional analysis is subject to
publication bias and also requires a control and treatment
group design. For a variety of reasons, randomized control

Fig. 2 Coding sheet for Belland et al. (2017a)
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trials may not be feasible. For example, in medical research
some studies use a placebo but others may look at a standard
treatment (Lumley 2002) for ethical reasons. In educational
research, multiple treatment studies are even more common.

Baeysian Network Meta-analysis (BNMA) expands the tradi-
tional model by allowing for multiple treatment studies with
or without a control. This allows reviews to follow a common
evolution in research. In computer-based scaffolding, study
authors stopped comparing computer-based scaffolds to con-
trol conditions because they knew they were effective.
Instead, authors start to look at the conditions under which
computer-based scaffolds can be optimized. These multiple
treatment studies cannot be used in traditional meta-analysis
but they can be incorporated into a BNMA. In Fig. 4 below
both control and treatment groups are listed on individual
rows and coded for pre-post gain scores. Some studies (Beal
et al. 2010) have both treatment and control groups and others
(Bulu and Pedersen 2010) have only treatment groups.

All of these direct comparisons (Puhan et al. 2014), either
between treatment variations or between a treatment and con-
trol are then used to form a network of comparisons (Lumley
2002; Puhan et al. 2014). Each node is a problem centered
pedagogy (project-based learning, problem solving, inquiry-
based learning, design-based learning, modeling/visualization
or control) with a corresponding number of outcomes from
various studies. This information can then be used to inform
and estimate the indirect (Puhan et al. 2014) comparison of no
change and adding scaffolds for which there are no direct
comparisons. Much like a traditional meta-analysis, a range
of effect sizes can be used including log odds ratios (Lumley
2002). In the case of Belland et al. (2017b) mean differences
expressed as gain scores were used.

One important consideration is the level of cohesion within
the network of comparisons (Lumley 2002). If there is
disagreement among a set of trials, much like an exam-
ination of publication bias then researchers should de-
termine if there is a meaningful subset of outcomes that

Fig. 3 Outcomes for the paired
problem-centered pedagogy from
Belland et al. (2017a)

Fig. 4 Coding sheet for Walker et al. (2016)
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should be examined separately. Puhan et al. (2014) add
that examining the quality of the evidence is important
as well and recognizing that quality may vary within
the network. In Belland et al. (2017b) the Cochrane
Collaboration risk of bias tool (Higgins et al. 2011)
for assessing study quality was employed.

Network meta-analysis uses the direct comparisons from
traditional meta-analysis but also allows for indirect compar-
isons (Salanti et al. 2014) by using an inferential approach to
analysis. NMA does require a common treatment (such as a
control group) for all direct comparisons. Alternatively, a
Baeysian approach can be used (Bhatnagar et al. 2014).
Scholars will need to choose between an informed prior dis-
tribution based on prior reviews and assumptions about the
phenomenon of interest or use a non-informed prior distribu-
tion and examine fit statistics. The end result is not inferential
but rather population level statistics, expressing variability as
a credible interval rather than a confidence interval.

The results of a BNMA are expressed in multiple ways. In
contrast to a traditional meta-analysis a single summary effect
size is not possible since a common comparison is not avail-
able across all outcomes. Instead, results are first expressed as

the pre-post gains for all individual pedagogies are expressed
relative to a control condition of zero (see Fig. 5 below).
Project-based (g = 1.21) and problem-solving (g = 0.86) ap-
proaches paired with scaffolds both show substantial gains
over students who received no scaffolding but the credible
interval for project-based learning is quite large. By contrast,
inquiry-based learning with scaffolding appears to offer no
real improvement (g = 0.00) over control conditions. Next,
pairwise comparisons examine the differences between indi-
vidual treatments. Many of these pairwise comparisons have
wide credible intervals suggesting that more evidence is need-
ed to make claims but there are promising contrasts, such as
project-based learning as a better paired intervention than
inquiry-based learning (g = 1.21).

Finally, results include the ranking probability for each
treatment (Puhan et al. 2014) in two different forms (see
Table 2 below). The easiest to interpret is the probability that
any one treatment will be ranked first among the possible
alternatives and is expressed as a percentage. For each subse-
quent rank, a cumulative probability is calculated and then
averaged. Ranking is thus the average rank for each problem
centered pedagogy. Looking at a combination of ranking and

Fig. 5 Main effect and pairwise comparisons between main effects from Belland et al. (2017b)
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probability of the best can be important. In this case there is no
clear winner on ranking on four pedagogies are close together
(2.81–3.7). Considering only the probability that a pedagogy
is first favors project-based learning (44%). Given that it does
well with ranking and probability of the best it might be a
recommended pairing for scaffolding but recall that the cred-
ible interval is quite large. It is perhaps better given all of these
results (main effect, pairwise, ranking and probability of the
best) to recommend either avoiding or improving the use of
inquiry-based learning and modeling/visualization than pro-
mote the use of any other paired pedagogy but other than these
areas scaffolds perform well.

A BNMA can be a challenging analysis technique involv-
ing critical and at times controversial decisions, such as
employing an informed prior or non-informed prior distribu-
tion. However, the ability to include a substantially different
set of research studies opens doors for quantitative meta-
analysis that might otherwise remain closed. For those inter-
ested in how to conduct a BNMA using mean gains, Belland
et al. (2017b) contains supplemental materials including a
sample data set and video walkthrough of formatting data
and analysis using Lunn et al.’s (2009) WinBUGS software
tool. While BNMA is relatively new to education research in
general, it is quite new to IDT research with the only known
cases both focused on computer-based scaffolding (Belland et
al. 2017b). Robust areas of research such as computer-assisted
language learning and game-based learning, where there are
lengthy existing reviews, may benefit greatly from modifying
the scope of studies that can be included using BNMA.

Meta-Synthesis

Meta-synthesis examines a group of studies focused on a sim-
ilar topic or phenomenon to produce generalizable results
(Finfgeld 2003; Finfgeld-Connett 2014; Walsh and Downe
2005). In contrast to meta-analysis (see Fig. 1), typically
meta-synthesis is an integration of results from qualitative
studies to interpret (not aggregate) the findings and results.
This method allows for inductive examination of patterns
and concepts in a more hermeneutic fashion, for the refine-
ment of new knowledge and theories (Finfgeld-Connett 2010;

Finlayson and Dixon 2008; Lachal et al. 2017). Many meta-
synthesis investigations translate isolated qualitative findings
meaningfully to inform research, theory, and practice.

There are many types of meta-synthesis methods that have
been proposed, including mixed-methods meta-synthesis
(Paterson et al. 2001), meta-ethnography (Noblit and Hare
1988), and qualitative meta-synthesis (Sandelowski et al.
1997). Each of these methods strive to report findings that
result in theory building, theory explication, or descriptive
study, interpretation, and generalizability (Finfgeld-Connett
2010, 2014).

There is often confusion between distinguishing meta-
synthesis and narrative literature reviews (Finfgeld-Connett
2010; Thorne et al. 2004). Literature reviews situate a reader
in the context of what has been previously studied, while
meta-synthesis uses sophisticated methods of inductive inter-
pretation to report summative findings or new theory
(Finfgeld-Connett 2010). Meta-synthesis brings together and
then breaks down the findings of multiple studies. It is a com-
plete and rigorous study aiming to produce new findings that
are more substantive together than as individual studies,
which can clarify concepts and patterns (Finfgeld 2003).

Typically, meta-synthesis research begins with research
questions, which drive the entire process, including: who is
a member of the research team, the type of synthesis study
conducted, how broad or narrow the search for literature
is, the analysis methods (if collecting and analyzing
ethnographic studies, analysis methods used in ethnog-
raphy is a good choice for the meta-ethnography), and
the purpose for the research (e.g. theory building, inter-
pretation). For education research, specifically in IDT,
relying on a focused topic and strong research questions
is imperative. This guides the search terms used, which
databases to search in, specific journals to collect studies
from, as well as aids in selecting the appropriate analysis
methods to use.

Single qualitative studies typically don’t report on general-
izability, but the nature of meta-synthesis allows for some
latitude in this area. When systematic sampling, triangu-
lation, audit trails, single study quality, and other rigor-
ous qualitative methods are employed, meta-synthesis
research findings are enhanced and can provide tentative
generalizable ideas; which of course need to then be
rigorously and independently tested in new situations
and settings (Finfgeld-Connett 2010).

With many published studies in IDT being completely
qualitative in design, using qualitative meta-synthesis to focus
on identifying gaps in the literature and where to focus
future research would be valuable. Researchers and
practitioners in IDT would also benefit from rigorous
research that provides more generalizable results and
the means to more deeply understand trends and patterns
in research findings across multiple studies.

Table 2 Ranking and probability of the best paired intervention used
with scaffolding

Problem-centered instructional model Ranking Probability of the best

Project-based learning 2.81 44%

Problem solving 2.89 10%

Design-based learning 3.4 22%

Problem-based learning 3.7 11%

Modeling/visualization 4.55 7%

Inquiry-based learning 5.08 6%
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Mixed-Methods Meta-Synthesis Historically known as meta-
study or sometimes a systematic review, a mixed-methods
meta-synthesis uses quantitative and qualitative methods
to approach an increased understanding of a concept.
Combining quantitative and qualitative studies requires a re-
searcher to use a meta-analysis method and then a qualitative
meta-synthesis method, with a final synthesis step of uniting
the findings together. Harden (2010) provides an example of
and process for using a mixed-methods meta-synthesis meth-
od. Figure 6 is a sample coding sheet from a mixed-methods
meta-synthesis focused on existing meta-analyses and their
reported findings, including the reported effect sizes and main
findings (Leary et al. 2010).

In IDT, few manuscripts use mixed-methods meta-synthe-
sis (or metastudy). For example, Heller (1990) used tech-
niques associated with metastudies when examining the role
of hypermedia in education and Mumtaz (2000) found that
teachers need to be convinced that technology will increase
student motivation and interest.

Meta-Ethnography Noblit and Hare (1988) first introduced
meta-ethnography as an alternative to meta-analysis, with
the intent to put together textual and more interpretative re-
search. This type of synthesis involves the translation of

concepts collected from the single studies into each other, also
known as reciprocal translational analysis. This type of syn-
thesis is refutational synthesis which explains contradictions
between and among single studies, and lines-of-argument
analysis which builds a whole picture (Barnett-Page and
Thomas 2009). Taquero (2011) reports research results from
using meta-ethnography and reciprocal translational analysis,
discovering that the process revealed the relationships among
the individual studies, making the translation and synthesis of
them clear and logical.

We discovered one meta-ethnography article in the IDT
literature. Tondeur et al. (2012) reviewed qualitative studies
focused on strategies to prepare pre-service teachers with tech-
nology integration. A total of 19 articles were included in the
manuscript.

Qualitative Meta-Synthesis To understand qualitative meta-
synthesis, often a Buddhist parable is used as an analogy to
describe the collection of individual parts of qualitative re-
search so a whole can be interpreted and understood
(Finlayson and Dixon 2008). In qualitative meta-synthesis,
the search criteria are critical and needs to be exhaustive,
even though only recently have researchers discussed
their methodological steps, highlighting differences and

Fig. 6 Example coding sheet from a mixed-method meta-synthesis (Leary et al. 2010)
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mutual understanding for conducting qualitative meta-
synthesis (Ludvigsen et al. 2016).

As noted above, search criteria and what studies to include
in a qualitative meta-synthesis are determined by the focus of
the research questions. Also included are date ranges and other
precise inclusion criteria determined by the researchers to fit
the purpose and aims of the synthesis. The studies included
can be anywhere from five to over one hundred studies and

there is not hard rule on a minimum number of studies needed
to conduct a qualitative meta-synthesis. But the most impor-
tant part of inclusion in the synthesis always goes back to the
quality of the studies. What this means has changed over the
years as qualitative meta-synthesis is used more and more, but
it is commonly agreed that a more inclusive approach provides
opportunities to not overlook important findings or introduce
unnecessary bias (Sandelowski and Barroso 2003).

Fig. 7 Sample coding sheet for a qualitative meta-synthesis

Fig. 8 Example of a thematic
network visualization
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Before beginning qualitative meta-synthesis, Finlayson
and Dixon (2008) provide a list of guidelines for a researcher
(or the reviewer), including being comfortable with the phi-
losophy of synthesizing separate qualitative research studies,
some experience with qualitative research, an interest in the
topic being studied, clear and articulated objectives for the
study, carefully crafted research questions that lead easily into
searching and sampling of studies, criteria for how the indi-
vidual studies will be appraised, and a plan for synthesizing
the studies together. If aiming to build theory, sometimes
grounded theory analysis is the correct choice; while aiming
for a broad understanding of themes leads a researcher to use a
thematic network analysis (Attride-Stirling 2001).

After studies are chosen for inclusion, just as in meta-anal-
ysis, data from these studies needs to be coded. Figure 7
shows a coding sheet for a qualitative meta-synthesis focused
on integrating arts into science, technology, engineering, and
mathematics. In contrast to the mixed-methods meta-synthe-
sis, this example and portion of a coding sheet includes only
qualitative data.

The next step is to choose the analysis method and work on
synthesizing the findings together and visually representing
findings when possible. For example, in thematic coding, a
visualization with basic codes, organizing themes, and global
themes (see Fig. 8) presents varying themes and can highlight
different patterns or gaps in the research being studied.
Thus, a specific topic explored through multiple empir-
ical studies, can be integrated and synthesized for
deeper understanding.

Like metastudy and meta-ethnography, few meta-synthesis
studies in IDTexist. The articles found that use meta-synthesis
do not differentiate on a specific meta-synthesis method in the
manuscript. For example, Lin (2015) conducted a meta-
synthesis on the effectiveness of computer-mediated
communication and Liu et al. (2007) also used meta-
synthesis but neither provide more detail than that. We suggest
that author provide more detail on the type of meta-synthesis
they are conducting and call for more meta-synthesis work to
be conducted in IDT.

Need and Value of Research Syntheses

While meta-analysis has existed for some time, recent innova-
tions like Baeysian Network Meta-analysis (Lam and Owen
2007) and Qualitative Meta-Synthesis (Finlayson and Dixon
2008) would be useful tools for analyzing the research literature
that pervades educational research generally, and IDT research
specifically. Both provide an avenue to rigorously piece togeth-
er and summarize research findings with an eye to push re-
search and practice forward. As noted above, at least in terms
of ETR&D publications we have seen a dramatic decrease in
the number of literature reviews. Yet this is precisely the work

both in ETR&D and other educational technology journals that
is most often cited (Reeves and Oh 2017).

For the IDT field to continue moving forward and to gain
deeper understandings of the many topics realized, use of new
methods is necessary. These reviewmethodologies, which can
adapt to the increase of mixed methods research and account
for the interest in primary research methodologies like design-
based research (McKenney and Reeves 2012), will be critical.
Treating literature review, not just as a narrative, but as a form
of data collection and analysis will be important in expanding
what we know about the IDT field, as well as defining and
refining theory.
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