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Abstract

Evidence synthesis methods are becoming increasingly popular in the social sciences,
particularly in the field of educational technology, where secondary research has grown
exponentially in recent years. Although review studies provide insight into these methods,
questions have been raised about their methodological rigor and transparency. This
tertiary review analyzed transparency and reproducibility in the reporting of evidence
synthesis methods in the field of educational technology across different types of reviews
indexed in the Web of Science, ERIC, Scopus, Google Scholar, Dialnet, and FIS. Reviews
were included if they were published in English, German, or Spanish; if they synthesized
the use of educational technology within formal teaching and learning settings; and if
they contained a methods section. A sample of 446 evidence syntheses were included
for data extraction and synthesis in EPPI Reviewer, with systematic reviews, meta-
analyses, and literature reviews selected for deeper analysis as the most widely used
review types in the corpus. Indicators of replicability at critical stages of the review were
identified and analyzed in the sample by review type (research question, search strategy,
data extraction, and synthesis). The results show significant room for improvement of
methodological transparency in data extraction and synthesis, with certain types of
reviews showing lower scores than others on some indicators. The article concludes with
recommendations for improving the methodological transparency and rigor of evidence
synthesis in the field of educational technology.
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Methodische Ansatze zu Evidenzsynthesen in der Bildungstechnologie. Eine
tertidre Ubersichtsarbeit

Zusammenfassung

Methoden der Evidenzsynthese werden in den Sozialwissenschaften immer beliebter,
auch im Bereich der Bildungstechnologie, wo die Menge der durchgefiihrten Sekunddr-
forschung exponentiell zugenommen hat. Wéhrend Ubersichten einen wertvollen Einblick
in den Stand des Feldes geben koénnen, wurden Fragen zur methodischen Strenge und
Transparenz aufgeworfen. In dieser tertidren Ubersichtsarbeit wird daher untersucht,
wie transparent und reproduzierbar die Berichterstattung (iber die Methoden der Evi-
denzsynthese im Bereich der Bildungstechnologie in den verschiedenen Arten von Uber-
sichtsarbeiten ist. Zu diesem Zweck wurde eine kritische Analyse einer Stichprobe von
446 Evidenzsynthesen in drei Sprachen (Englisch, Deutsch und Spanisch) durchgefiihrt.
Systematic Review, Meta-Analyse und Literaturreview als die am hdufigsten verwende-
ten Review-Typen wurden fiir die weitere Analyse. In der Stichprobe wurden Indikatoren
fiir die Replizierbarkeit in kritischen Phasen der Uberpriifung identifiziert und nach Uber-
priifungstyp (Forschungsfrage, Suchstrategie, Datenextraktion und Synthese) analysiert.
Die Ergebnisse zeigen, dass die methodische Transparenz bei der Datenextraktion und
-synthese erheblich verbessert werden kann, wobei bestimmte Arten von Ubersichten bei
den Indikatoren schlechter abschneiden als andere. Es werden Empfehlungen zur Verbes-
serung der methodischen Transparenz und Strenge der Evidenzsynthese im Bereich der
Bildungstechnologie gegeben.

1. Introduction

Evidence syntheses were originally used in the fields of medicine and psychology
in the form of systematic reviews and meta-analyses to study effects of interven-
tions across multiple studies. In the 1990s, evidence synthesis methods began to
be used increasingly in the social sciences with the aim of conducting rigorous and
transparent research to better inform policy, practice, and decision-making (Gough
et al. 2020). In the early 2000s, as part of the move towards more evidence-based
educational policy and practice, particularly in the United Kingdom, a lively debate
emerged about the nature, place, and methodological quality of systematic research
synthesis (e.g., Borrego, Foster, and Froyd 2014; Hammersley 2001). Since then, sys-
tematic reviews, meta-analyses, and other forms of evidence synthesis have grown
atarapid pace (Polanin, Maynard, and Dell 2017), gaining prominence in educational
technology research (Kimmons and Rosenberg 2022). Evidence syntheses have been
conducted, for example, on the impact of technology on learning (e.g., Tamim et al.
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2011), on the effects of technology on student engagement (e.g., Bond et al. 2020),
and on the benefits and challenges of using artificial intelligence in education (e.g.,
Crompton, Jones, and Burke 2022).

Depending on the aim and scope of the evidence synthesis, as well as on the pri-
mary studies included, various review approaches can be used. Sutton et al. (2019)
categorized 48 review types into seven broader review families: traditional reviews,
systematic reviews, review of reviews, rapid reviews, qualitative reviews, mixed
methods reviews, and purpose-specific reviews.

Two of the most popular yet quite distinct types of reviews are the traditional
literature review and the systematic review. A literature review is a comprehen-
sive and critical analysis of the existing literature on a particular topic or research
question. It involves identifying, evaluating, and summarizing relevant published
research to provide an overview of the state of knowledge in the field. It does not
aim to be systematic and complete in all respects, but to give an impression of the
relevant findings and literature (Sutton et al. 2019). In contrast, a systematic review
is a rigorous and transparent approach to reviewing the literature on a particular
topic. It involves identifying, assessing and summarizing all relevant studies using
predefined methods to minimize bias and improve reproducibility (Higgins et al.
2022). One form of systematic review is a meta-analysis, which is a quantitative sum-
mary of the results of multiple studies on a particular topic. It combines the results
of individual studies using statistical methods to obtain a summary estimate of the
effect size (Borenstein 2009). The main difference between a literature review and
a systematic review is the degree of stringency. However, aside from certain review
types in the traditional review family that often use a purposive sampling approach
and less explicit reporting of methods (Sutton et al. 2019), all review types must fol-
low the methodological requirement of transparency in terms of explicit and com-
prehensive reporting of their search approach.

1.1 Transparency and replicability in systematic reviews

Transparency and replicability are fundamental aspects of evidence synthesis re-
search. Evidence syntheses systematically review, analyze, and synthesize the rele-
vant primary literature to answer predefined research questions. The transparency
of methods is of enormous importance for the results and helps to ensure the ac-
curacy, reliability, and quality of the conclusions (loannidis et al. 2014). Clear and
well-documented methods and results are important for repeating or replicating
the synthesis and confirming and building confidence in the results (Higgins et al.
2022). Transparency and replicability are also beneficial in creating and promoting
an open research culture (e.g., open science framework; OSF) that actively encour-
ages collaboration and data sharing and can lead to new insights and discoveries.
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One way to increase transparency and replicability in syntheses is by follow-
ing guidelines such as the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement (Moher et al. 2009) or the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins et al. 2022). By providing a frame-
work for conducting evidence synthesis research and choosing methods for study
selection, data extraction, analysis, and reporting, these guidelines help to ensure
that the methods and results of evidence synthesis are well documented, standard-
ized, and replicable. They also provide readers with a standardized framework for
understanding how studies are conducted.

The present study addresses the overarching question of how evidence synthe-
ses in educational technology research have been approached methodologically in
the research to date and how transparent and replicable these syntheses are. In
the following section, we first describe the method of evidence synthesis to provide
the background against which a corpus of 446 evidence syntheses were assessed in
terms of methodological approach (Buntins, Mulders, and Schroder 2023). We focus
on how systematic reviews, meta-analyses, and literature reviews have been con-
ducted to illustrate the range of possible syntheses used in educational technology
research as reflected in the 379 syntheses in the corpus. The remainder of the article
describes the approach used in this tertiary mapping review, presents the findings,
and discusses their implications.

2. Synthesis of Evidence: General Process Steps

To evaluate the transparency and replicability of evidence syntheses in the field of
educational technology, it is important to understand how each step of a synthesis
contributes to transparency and replicability. Although evidence syntheses can be
described in various ways, and the exact procedure depends on the type of synthe-
sis chosen, there are commonly agreed stages (e.g., Pollock and Berge 2018; Atlam
etal. 2020): (1) development of a research question (2) search and screening (3) cod-
ing and extraction of results, (4) synthesis.

2.1 Developing a research question

The research question defines the problems that will be addressed in the subse-
quent analysis and conclusions. Researchers can approach the development of re-
search questions from a variety of angles, including examining intervention effects,
exploring causal relationships, addressing research gaps, and synthesizing existing
knowledge (Shea et al. 2007). In evidence synthesis, the formulation of precise and
focused research questions plays a crucial role in guiding the entire research process
and ensuring meaningful results. Approaches such as the PICO schema (Population,
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Intervention, Comparator, Outcome) have been developed to formulate research
questions precisely. In this approach, the research question operationalizes the
steps that follow, such as search and screening, based on the four constituent ele-
ments in the acronym. It aims to standardize the formulation of research questions
and subsequent steps to maximize the accuracy of the results (Methley et al. 2014).

2.2 Search and screening

The search strategy process involves several decisions, including the definition of
the search query, the selection of databases, and the use of other search strate-
gies such as hand searching. In addition, this stage includes the documentation of
study selection, for example, in the form of a flowchart (e.g., PRISMA, see Page et
al. 2021), and determines what studies can be found (A. Campbell et al. 2018). Defin-
ing a search strategy for systematic reviews involves the challenge of identifying as
many relevant studies as possible, while keeping the number of irrelevant studies
as low as possible. In the literature, this dilemma is referred to as the “recall preci-
sion problem.” The term “recall” or “sensitivity” refers to the proportion of studies
found using the search strategy that are relevant to the overall pool of theoretically
available studies (C. Cooper et al. 2018b). In contrast, “precision” describes the pro-
portion of studies found with the search strategy that are relevant relative to all
studies found, and allows the search strategy to be assessed by identifying relevant
studies. Higher precision means a higher likelihood that the studies identified are
relevant. To find as many relevant studies as possible, the search strategy should
have a certain openness. This means that the criteria for study selection should be
broad enough to ensure that potentially relevant articles are not overlooked (Eysen-
bach, Tuische, and Diepgen 2001). A search strategy that is too open, however, will
inevitably lead to a reduction in accuracy, as a larger number of irrelevant studies
will also be included in the results. Furthermore, to achieve the greatest possible
retrieval, the selection of the right database is crucial. In studies exploring differ-
ent approaches, Bramer, Giustini, and Kramer (2016) and Bramer et al. (2013) found
that the choice of databases is highly dependent on the specific research question
and stressed the importance of addressing these questions in educational science.
Therefore, it matters how the grey literature is searched and what databases are
used.

This stage includes defining not only the research question but also the inclu-
sion and exclusion criteria applied to identify relevant studies for analysis during
the screening process (Abrami, Cohen, and d’Apollonia 1988). Inclusion criteria refer
to characteristics that must occur for a study to be included in the analysis, thereby
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defining the relevant sample of studies. Exclusion criteria describe the conditions
under which a study is excluded from the analysis. They are often contrary to the
inclusion criteria but may also include other aspects (Meline 2006).

2.3 Coding and data extraction

The development of a well-designed coding scheme is only possible once the au-
thors have clearly defined the research question and have established a meaningful
search strategy (C. Cooper et al. 2018a; H. Cooper and L. V. Hedges 1994; Glass et
al., 1981; Glass and Smith 1979). Several coding approaches attempt to pre-struc-
ture the aspects that should be considered when coding for synthesis. Durlak and
Lipsey (1991), for example, suggest coding by study context, methods, subjects,
intervention, and effect, which echoes familiar approaches to PICO. Stock (2008)
recommends considering the following factors when selecting a coding scheme: (a)
the aims of the synthesis, (b) the quality of the information in the primary studies,
(c) the ability of coders to reliably extract the required information, and (d) the as-
sociated coding burden. It is important to note that these approaches are primarily
based on meta-analyses and that there is limited research on extraction and coding
methods specifically for other synthesis approaches, particularly in the context of
qualitative studies in education.

One indicator of clarity and accuracy in coding is inter-rater reliability (IRR),
which is often overlooked in the planning phase. Various statistical methods can
be used to measure IRR, including the calculation of simple agreement (Viera and
Garrett 2005), Scott’s , Cohen’s k or Krippendorff’s a (Lombard, Snyder-Duch, and
Bracken 2002). IRR can be assessed at different stages, for instance, during the
screening process or in relation to the coding process (Belur et al. 2018). Krippen-
dorff (2018) highlights several crucial quality aspects, including stability over time,
accuracy of the coding scheme, and reproducibility between different individuals. A
low IRR may indicate not only low research quality but also weaknesses in the cod-
ing scheme or ambiguity of the construct (Kolbe and Burnett 1991).

Another important aspect is the quality of the primary studies. In systematic
reviews and meta-analyses, it is generally assumed that the quality of the research
synthesis decreases if the source studies are of low quality (Sotola 2022). Therefore,
a quality assessment is often carried out before coding. There are various approach-
es to quality assessment, such as the Cochrane Risk-of-Bias (RoB 2) Tool (Higgins
et al. 2011), Critical Appraisal Skills Program (CASP) (Singh 2013), Critical Appraisal
Tools (Katrak et al. 2004) or the Newcastle-Ottawa Scale (NOS) (Hartling et al. 2013).

Katja Buntins, Svenja Bedenlier, Victoria Marin, Marion Handel und Melissa Bond www.medienpaed.com >20.12.2023

172


http://www.medienpaed.com

MedienPidagogik
Zeitschrift fur Theorie und Praxis der Medienbildung

2.4 Synthesis

Researchers use various statistical and qualitative methods to analyze and integrate
the collected data, depending on the type of review undertaken. This enables a
comprehensive examination of the results and the derivation of meaningful conclu-
sions. In systematic reviews, various methods of data analysis are used that are also
common in primary studies. However, they must be modified and developed further
in some cases. Researchers attempt to identify recurring themes, patterns, and con-
ceptsin the literature in various ways to gain a comprehensive understanding of the
topic (Baumeister and Leary 1997). Qualitative techniques such as thematic analysis
are often used to categorize and interpret qualitative data to gain insights into the
underlying meanings and perspectives in the studies (Braun and Clarke 2006). In
contrast, meta-analyses quantify the results of multiple studies (Higgins et al. 2022),
combining specific effect sizes or outcome measures to produce a summary esti-
mate of the magnitude and direction of the observed effect (Borenstein et al. 2010).

3. Research Questions
In order to understand the methodological approaches currently used in education-
al technology evidence syntheses, and given the increasing prevalence of syntheses
in the field as well as the lack of methodological guidance on how to conduct them
(e.g., Zawacki-Richter et al. 2022), this article presents a critical analysis of a sample
of evidence syntheses and seeks to answer the following questions:
RQ1: How transparent and comprehensible is the reporting of evidence syn-
thesis methods in reviews in the field of educational technology?
RQ2: How many systematic reviews, meta-analyses, and literature reviews are
fully replicable?
RQ3: Are there differences in replicability depending on the type of evidence
synthesis (i.e., between systematic reviews, meta-analyses, or literature
reviews?

4. Methodology

This tertiary mapping review (Kitchenham et al. 2009; Lai and Bower 2020) was con-
ducted following explicit, pre-defined methods (Gough et al. 2012; Zawacki-Richter
et al. 2020), and the reporting here is guided by the PRISMA guidelines (Page et al.
2021) for increased transparency.
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4.1 Search strategy

4.1.1 Search strings

Three different search strings were developed based on the preliminary work of
Bond (2020), Bond et al. (2020), and Marin et al. (2023). Marin et al. (2023) focused
on forms of evidence synthesis and educational technology, using * for truncations
where appropriate (see Table 1).

Evidence
synthesis

(“systematic review” OR “scoping review” OR “narrative review” OR
“meta-analysis” OR “evidence synthesis” OR “meta-review” OR “evi-
dence map” OR “rapid review” OR “umbrella review” OR “qualitative
synthesis” OR “configurative review” OR “aggregative review” OR
“thematic synthesis” OR “framework synthesis” OR “mapping review”
OR “meta-synthesis” OR “qualitative evidence synthesis” OR “cri-
tical review” OR “integrative review” OR “integrative synthesis”
OR “narrative summary” OR “state of the art review” OR “rapid
evidence assessment” OR “qualitative research synthesis” OR “qua-
litative meta-summary” OR “meta-ethnography” OR “meta-narrative
review” OR “mixed methods synthesis” OR “scoping study” OR “syste-
matic map”)

AND

Ed Tech

“education* technologx” OR “digital technologx” OR “ICT” OR com-
puterx OR “information and communicationx” OR “digital media” OR
“online learning” OR “blended learning” OR “remote teaching” OR
“remote learning” OR “remote education” OR “mobile learning” OR
“online education” OR “social media” OR “elLearning” OR “learning
analytics” OR “Facebook” OR “technology” OR “e-Learning” OR “mul-
timedia learning” OR “media 1in education” OR “interactive learning
environments” OR “computer mediated communication” OR “virtual
reality” OR “distance education” OR “human-computer qinterface”

OR gamification OR “game-based learning” OR “distance learning”

OR “learning environments” OR “technology integration” OR “mul-
timedia/hypermedia systems” OR “intelligent tutoring system*” OR
“flipped classroom” OR “flipped learning” OR multimedia OR “evalu-
ation of CAL systems” OR MOOC* OR “computer-supported collabora-
tive learning” OR “distance education and telelearning” OR “seri-
ous gamex” OR “learning management systemx” OR “LMS” OR “CSCL” OR
“m-learning” OR “human-computer interaction” OR “computer science
education” OR “architectures for educational technology system” OR
“distributed learning environmentx” OR Moodle OR “online teaching”
OR “technology-enhanced learning” OR “adaptive learning” OR “open
educational resources” OR “OER” OR “technology enhanced learning”
OR “digital technologx” OR “virtual environments” OR “web-based
learning” OR “video games” OR “augmented reality” OR “educational
games” OR “massive open online coursex” OR “computer-assisted in-
struction” OR “information and communication technolog*” OR “open
education” OR “virtual learning environmentx” OR “distributed
learning” OR “learning technologies” OR “educational robotics” OR
“computer-supported learning” OR “online educational videogames”
OR “educational videos”

NOT

Outside
scope

Smoking OR clinic* OR pathology OR telemedicine OR telehealth
OR 1inflammation OR patient* OR neurolog* OR diseasex OR “mobile
health”

Tab.1: Searchtermin English.
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The Spanish search term was developed based on the English search terms
(see Table 2). However, the Spanish database used (Dialnet) has a search limit of 50
words, so the full search term used in English was not usable for this database and
was reduced to more general terms for the three elements (evidence synthesis, Ed-
Tech, and education). The German search term was co-developed by an information
scientist from the University of Erlangen-Nuremberg, as it required considerable
adaptation to be used in the corresponding database (see Table 3).

Evidence | (“meta-andlisis” OR “metandlisis” OR “metaandlisis” OR
synthesis | “metarevisidén” OR “meta-revisidén” OR revisidén OR “sintesis
cualitativa” OR “meta-sintesis” OR “metasintesis”)

AND

Ed Tech (tecnologi* OR ordenador* OR computadorx OR “TIC” OR “di-
gitalx”)

AND

Education | (educax OR aprend* OR ensefiax OR docenx)

Tab.2: Search termin Spanish.

Evidence |Review* ODER Synthes* ODER Meta-Analyse ODER Metaanalyse
synthesis |ODER Metanalysen ODER ,narrative summary“ ODER Meta-Eth-
nographie ODER ,scoping study“ ODER ,systematische Uber-
sichtsarbeit®“ ODER Literaturstudie ODER Ubersichtsarbeit
ODER Meta-Synthese ODER ,systematisches Literaturreview“
ODER Literaturiberblick ODER ,systematische Ubersicht“ ODER
,Second-0Order-Review*

AND
Ed Tech |Bildungstechnolog* ODER Technologx ODER IKT ODER ICT ODER
computer* ODER Lerntechnologx ODER “Informations— und Kom-
munikationstechnolog*“ ODER “augmentierte Realitat*” ODER
AR ODER “virtuelle Realitat” ODER VR ODER Bildungsroboter
ODER Bildungsrobotik ODER “Mensch computer Schnittstel-
le” ODER “Mensch computer Schnittstellen” ODER “intelli-
gente Tutorensysteme” ODER ,intelligentes Tutorensystem*
ODER “Architektur* fir Bildungstechnologx” ODER Moodle
ODER Lernmanagementsystem ODER Lernmanagementsysteme ODER
“Mensch-Computer-Interaktion” ODER “learning analytics”
ODER LMS ODER Lernumgebung ODER Lernumgebungen ODER “mul-
timedia System”

Tab.3: Searchtermin German.

4.1.2 Search strategy and study selection

The searches were conducted in February and March 2022. As the author team is
multilingual, studies in English, Spanish, and German were considered for possible
inclusion. The English language databases and platforms searched were ERIC, Sco-
pus, Web of Science, and Google Scholar. For Spanish studies, Dialnet was used, and
for German-speaking countries, the FIS database was searched. These databases
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were selected because they provide broad coverage of the state of research suitable
for evidence synthesis (Gusenbauer and Haddaway 2020), with the Spanish and Ger-
man databases specifically selected because they are more comprehensive for the
Spanish- and German-speaking contexts.

4.1.3 Screening and sampling procedures

The initial search yielded 9,050 English-language, 898 Spanish-language and 534
German-language references (see Fig. 1), which were imported into evidence syn-
thesis software EPPI Reviewer (Thomas et al. 2023). After automatic removal of 3,207
duplicates, 7,275 references were identified for screening on title and abstract. The
first 100 references were screened by four of the authors, achieving a moderate
Fleiss kappa of k=0.60 (Landis and Koch 1977). Therefore, after reconciling differ-
ences, it was decided that pairs of authors would screen the remaining studies to-
gether to ensure substantial agreement. Articles were included if they were a form
of evidence synthesis with a methods section; were focused on educational technol-
ogy within a formal teaching and learning setting; and were not a workshop paper,
poster, or editorial (see Table 4).

Given the large number of references to be screened on full text, a sample of
English and Spanish articles was drawn from this corpus for further analysis. With
the intention of drawing a sample that estimates the parameters of the population
with a certain margin of error, we used methods for estimating sample size in the
social sciences (Doring and Bortz 2017), stratifying by decade of publication and
then drawing a random sample. Within the sampling, a margin of error of 5%, a per-
centage of 50%, and an alpha of 5% were assumed. A margin of error gives the range
(in percent) by which the responses of your population may differ from those of the
sample. The probability of committing an error to describe the attitude of the sam-
ple is equivalent to the alpha error in inferential statistics. Percentage refers to the
size or probability of an effect. If there are no prior assumptions, this is set to 50%.
Since we have numerous questions, we also proceeded in this way. If one expects a
very large or small effect, then this number can be regulated higher or lower (Levy
and Lemeshow 2011). The German studies were screened in their entirety, as it was
assumed that many studies would not be suitable due to the change in the search
term and that the total sample would otherwise be very small. After sampling, 734
studies remained that were screened on full text, with 446 studies considered for
the synthesis (372 English-language, 61 Spanish-language, and 13 German-language
studies) (see Figure 1).

This article specifically focuses on the three types of review previously de-
scribed; literature reviews (“traditional review family”), systematic reviews and
meta-analyses (“systematic review family”; Sutton et al. 2019), with these synthesis
approaches being located on opposing ends of the spectrum of transparency and
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replicability, and at the same time being the most frequently conducted syntheses
in the corpus. As such, 379 evidence syntheses were included in the final corpus for

this article.
INCLUSION EXCLUSION
Evidence synthesis Primary research
Focuses on educational technology No focus on educational technology
Education related (e.g., eAssessment, meta- Not education related (e.g., student focus but
analysis of experimental studies related to about something in their private life - no con-
teaching and learning) nection to teaching and learning)
Journal articles, book chapters, reports, and Workshop papers, poster contributions, edi-
conference papers (both full and short papers) | torials
Has a methods section No methods section

Tab. 4: Inclusion and exclusion criteria.

4.2 Data extraction

In addition to operationalizing the research process research process (see Table 5),
arange of data were extracted (see OSF! for the complete coding scheme), including
publication and authorship information (e.g., publication type and name), review
type (self-declared by the authors and informed by the typology of Sutton et al.
2019), specific educational and participant context (e.g., undergraduates, Health
and Welfare), and EdTech thematic focus (e.g., blended learning). In regard to meth-
odological characteristics, which are particularly pertinent to the present analysis,
data were extracted based on an adaptation of both the Database of Abstracts and
Reviews of Effects (DARE) tool (Centre for Reviews and Dissemination 1995), which
has been used in previous tertiary reviews (e.g., Lai and Bower 2020), and the AM-
STAR 2 tool (Shea et al. 2017). When interpreting these categories, it should be noted
that replication is only possible if reporting was complete (yes). If only examples are
given, this helps the reader to better understand the scope of the study but does not
help to verify or update the results of the study.

1 https://osf.io/83vp7/
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Stage Operationalization Categories

Method Section | How many studies did not report the methodology? (Yes/No)

Research Ques- | Was a research question asked? (Yes/No)

tion

Search strategy | Were the search strings reported? (Yes/Examples/No)
Were inclusion and exclusion criteria specified? (Yes/Examples/No)
Were the databases or other search strategies specified? | (Yes/No)
Were the years of publication indicated? (Yes/No)
Was a flow chart or PRISMA chart shown? (Yes/No)

Data extraction | Was the inter-rater reliability reported? (Yes/No)
Was a coding scheme reported? (Yes/Examples/No)
Was a quality assessment reported? (Yes/No)
Was there a report or check for publication bias? (Yes/No)

Synthesis Did they report how the data were synthesized in the (Yes/Examples/No)
methods section?

Tab.5: Extracted methodological data.

4.3 Synthesis

The results were analyzed univariately and bivariately. Only descriptive results are
given. Percentages are rounded to a full number and should be interpreted in an or-

dinal comparison as the exact percentage is not reliable due to sampling, selection,

and researcher bias.

—>| 3207 duplicates removed automatically in EPPI-Reviewer |

6,476 excluded papers

5 duplicates

3 not English,Spanish or German

966 not evidence synthesis

182 no educational technology

80 not education related

41 workshop paper, poster, editorial, book/paper review
34 no method section

5165 not one of the sampled items

45 full text not available

288 excluded papers

—
c
&
'&' 9,050 ENG records identifiedthrough databases
;E 898 SPA records identified through databases
’g 534 GER records identified through database
v
=
=)
—
7,275
considered for
screeningon
title & abstract
-]
=
‘e 779 included on title
g and abstract
S
[}
@ !
734 full papers
retrieved and
screened on full
text
-
—
©
% 446 included for synthesis
= - 372 ENG studies
= - 61 SPA studies
= - 13 GER studies
-
Fig.1:  PRISMA flow diagram.
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26 not education related
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4.4 Methodological limitations

Limited resources required a sampling procedure for the English and Spanish cor-
pus. Although the sample was as representative as possible, the limitation that not
all publications were included in the sample must be acknowledged. Furthermore,
the search terms used for the German and Spanish databases differed from the Eng-
lish ones due to language issues and limitations in the databases’ metadata and
search functions, which may have led to relevant records being overlooked.

The review was conducted by five reviewers covering three languages, and al-
though attempts were made to reduce inconsistency and bias, the human element
remains. Data were only extracted and coded if the information could be found in
the article itself, that is, no further research was done to determine, for example,
the author’s discipline or country of origin if this information could not be found in
the manuscript itself. Furthermore, while a protocol was not pre-registered with an
official systematic review registry such as Prospero, the full search details can be
found on the OSF.? In the future, the authors will be able to use the newly created
International Database of Education Systematic Reviews?, which is now accepting
protocols for all education disciplines.

4.5 Features of the study

Based on the authors’ chosen term for the synthesis conducted, 28 different types
of reviews were identified. According to Sutton et al.’s (2019) classification of review
families, all seven review family types were represented to varying degrees, with the
systematic review family being by far the most common in our sample (n=331) (see
Table 6). It should be noted that some studies declared the use of more than one

review type.
Review type absolute frequency Percentage
Systematic review 210 47%
Meta-analysis 131 29%
Literature review 38 9%
Scoping review 18 4%
Review 17 4%
Critical review 13 3%
Integrative review 10 2%
Mapping review / systematic map 10 2%
Narrative review/synthesis 9 2%
Meta-synthesis 6 1%

2 https://osf.io/83vp7/.
3 https://idesr.org.
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Review type absolute frequency Percentage
Not specified/others 5 1%
Bibliographic review 4 1%
State-of-the-art review 4 1%
Qualitative meta-analysis 2 0%
Qualitative review 2 0%
Qualitative systematic review/qualitative evi- 2 0%
dence synthesis

Systematized review 2 0%
Comparative review 1 0%
Descriptive review 1 0%
Framework synthesis 1 0%
Library method 1 0%
Meta review 1 0%
Mixed studies review/mixed methods review 1 0%
Quasi-systematic review 1 0%
Rapid review 1 0%
Research synthesis 1 0%
Second-order meta-analysis 1 0%
Systematic umbrella review 1 0%
Thematic review 1 0%

Tab.6: Self-reported types of verification.

5. Results

To answer the question of how transparent and replicable evidence syntheses are
in educational technology research (RQ1), the steps of the evidence syntheses were
operationalized (see Table 5). As shown in the flow chart (see Fig. 1), 102 studies
did not include any methods section. In the present study, we also investigated dif-
ferences between review types, but this could only be done for the coded reviews;
not for the question of whether a methods section was present. Although this was
an official exclusion criterion, it can be considered an indicator of particularly poor
replicability. In the following, therefore, the analytical focus is on the three most
often used approaches across the corpus: systematic reviews, meta-analyses, and
literature reviews.
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5.1 Replicability of the research question

For the replicability of the research question, we identified two indicators that oper-
ationalize the extent to which the research question and the definition of the study
population are designed to be replicable. In total, 86% of reviews included research
questions, goals, or objectives (n=384). The degree of precision varied considerably.
This means that 14% of the reviews did not state any research questions, aims, or
objectives in the published text, meaning that the procedure of analysis must be
interpreted by the reader from the theory section. Inclusion and exclusion criteria
define the framework of the population, meaning that they indicate which studies
belong to the object of study and which do not. Sixty-two percent of the studies
stated the inclusion and exclusion criteria in full (n=275); 29% gave extracts or ex-
amples (n=131); and 9% of the studies did not provide any such information (n=40).
In relation to the different types of review (see Table 7), major differences emerge.
For example, the values for literature reviews are significantly lower than for the
other two review types when inclusion and exclusion criteria are specified. There
are no major differences between meta-analyses and systematic reviews. Two-hun-
dred forty-eight studies stated both the research question or objective and the in-
clusion and exclusion criteria. This is 46% of the studies that can be replicated up to
this point. For the three types of reviews, the results show differences between the
types. For literature reviews, 32% (n=10) reported both the research question and
the inclusion and exclusion criteria; for meta-analyses, 60% reported both (n=78);
and for systematic reviews, 61% reported both (n=128).

Literature Meta-analysis Systematic
review review

Research question

Yes 84% 86% 90%
Inclusion and exclusion criteria

Yes, fully, and completely reported 29% 68% 66%
Only a few examples were given 32% 25% 28%
Total [%] 61% 93% 94%
Total 38 131 209

Tab.7: Indicators for the replicability of the research question.

5.2 Transparency of the search strategy

As our study is concerned with the transparency and reproducibility of reviews,
we only consider criteria that are important for this: namely, specifying the search
string, the search period, the databases searched, and the presence of a PRISMA
diagram (see Page et al. 2021). In 87% of reviews, an example of the search string
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or the complete search string was given, with 44% reporting the full search string
(n=192) and 43% (n=196) providing examples. In 13% of the research syntheses, the
search string was not provided. The proportion of reported search terms is highest
for systematic reviews, followed by literature reviews and meta-analyses. This order
remains the same even when incomplete data are included (see Table 8). This shows
that even if, in many cases, no direct replication of the search is possible, the reader
at least gets an idea of what is meant by the constructs searched for. Six literature
reviews (16%), 24 meta-analyses (18%) and 72 systematic reviews (34%) are still rep-
licable at this point.

Literature Meta-analysis Systematic
review review
Yes, completely reproducible 34% 30% 55%
Only examples were given 47% 50% 39%
Total [%] 82% 80% 93%
Total 38 130 209

Tab. 8: Indicators for the replicability of the search strategy (1).

At this stage of a review, there are three further replication criteria: specifying

the databases searched, specifying the years of publication, and including a flow-
chart or PRISMA diagram. Most studies indicated the years on which the research
synthesis was based (80%, n=355), and only 4% of studies did not indicate where
the studies were found (n=19). Far fewer studies included a flowchart or PRISMA
diagram (n=192, 53%). Due to the high values, the variance in publication years
and search strategies is comparatively low. However, the year of publication was
most frequently reported in systematic reviews, while was is reported much less
frequently in the other two (see Table 9).
Ninety-nine of the research syntheses (15%) are still replicable when the review
period is included. Looking at the three specific review types, this means that five
of the literature reviews (13%), 19 meta-analyses (15%), and 62 systematic reviews
(30%) are still replicable up to this point. This continues the trend that the high-
est transparency is found in systematic reviews. However, even at this stage, only a
small proportion of the studies can be replicated. When the databases are specified,
the possibility of replicating the reviews does not decrease further. The situation is
different when flowcharts or PRISMA diagrams are used. Only one of the literature
reviews (3%), only eight meta-analyses (6%), and 45 systematic reviews (21%) are
still replicable at this point. So, after two of the commonly agreed review steps, only
a fraction of the reviews are still transparent and replicable.
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Literature Meta-analysis Systematic
review review

Publication years
Yes 76% 75% 83%
Database
Presented 84% 96% 99%
Flowchart or PRISMA
Presented 16% 33% 52%
Total 38 130 209

Tab. 9: Indicators for the replicability of the search strategy (Il).

5.3 Transparency of screening and data extraction

The main replication indicator in this section is reporting the coding scheme. The
other three indicators are reporting the performance of a quality assessment; re-
porting, checking, or correcting publication bias; and reporting inter-rater reliabil-
ity.

In 37% of studies, the full coding scheme for data extraction was presented
(n=163), and in another 36%, at least some examples were presented (n=160). In to-
tal, 28% of studies did not state how the data were extracted (n=124). There are
major differences between the three types of reviews here; in contrast to the first
two steps, the possibility of replication is substantially higher in meta-analyses than
in the other two. Only in the partial representation of the coding scheme is there a
notable difference between these two (see Table 10). Only 27 studies can be rep-
licated up to this step of the coding (6%). If this is transferred to the three types
of review considered in more detail, there are no literature reviews (n=0), only six
meta-analyses (5%), and 15 systematic reviews (7%). The trend reversal described
can be seen very clearly here.

Literature Meta-analysis Systematic
review review
Yes, the complete scheme is provided 26% 56% 29%
Examples are given, but not the com- 24% 31% 41%
plete list
Total [%] 50% 87% 70%
Total 38 130 209

Tab. 10: Indicators for the reproducibility of data extraction (1).

Twenty-one percent of studies reported inter-rater reliability in screening or
coding of primary studies (n=92). Publication bias was reported, corrected, or es-
timated in 19% of the studies (n=86), although it should be noted that this is only
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mathematically possible for quantitative reviews. The aim of a quality assessment is
to exclude studies with inferior methods. This is not equally necessary for all types
of review (e.g., scoping reviews), which partly explains why a quality or critical ap-
praisal was only carried out in 24% (n=105) of cases.

When looking at the three review types, there are clear differences. The values
for meta-analyses are notably higher than for the other two categories, although in
terms of quality assessment, there is a clear difference between systematic reviews
and literature reviews. However, as described above, these differences can be seen
in the conceptualization of the studies (see Table 11). Since these three criteria are
not necessary for replication, but merely illustrate the transparency of the process,
they are not considered in our path analysis for the proportion of full replicability.

Literature Meta-analysis Systematic
review review

Inter-rater reliability
Yes 11% 37% 15%
Quality assessment
Yes 5% 26%
Publication bias
Yes 8% 55% 9%
Total 38 130 209

Tab. 11: Indicators for the reproducibility of data extraction (I1).

5.4 Replicability of the synthesis

The final step in the process of evidence synthesis as it pertains to systematic re-
views or meta-analyses is the synthesis of the primary studies. Forty-two percent
of the studies in this sample explicitly stated how the results of the primary studies
were synthesized, and in another 23%, there was some mention of what was done
but no explicit description of the procedure. In 35% of the studies, this aspect was
not mentioned at all. It is precisely in this last step where the described reverse
trend becomes clear. Here, meta-analyses have a very high proportion of replicabil-
ity, while systematic reviews and literature reviews have rather low values. Although
the values for systematic reviews are higher, the differences are not so great that
one could speak of a strong difference here (see Table 12).
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Literature Meta-analysis Systematic
review review
Yes, with exact specification of the me- 24% 82% 31%
thod
Itis mentioned, but not explicitly 21% 8% 27%
Total [%] 45% 90% 58%
Total 38 130 210

Tab. 12: Indicators for the replicability of the synthesis.

As can be derived from the findings presented above, complete replication is
possible in a total of 16 studies (see Table 13). The trend has thus completely re-
versed, although the values are very low overall.

Number of Studies
All studies (only systematic review, meta-analysis, and literature review) 361
Was a research question asked? 319
Were the search terms specified? 138
Were inclusion and exclusion criteria specified? 120
Were the years of publication indicated? 99
Were the databases or other search strategies specified? 99
Was a flow chart or a PRISMA diagram shown? 66
Was a coding scheme reported? 27
Did they report how the data were synthesized in the methods section? 16

Tab. 13: Flow Table of Replication.

6. Discussion
This study examined methodological approaches to evidence syntheses in the field
of educational technology to answer the question of how transparent and repro-
ducible the reporting of evidence synthesis methods is in reviews in the field of
educational technology (RQ1) and whether transparency and reproducibility differ
between systematic reviews, meta-analyses, and literature reviews (RQ2, RQ3). The
aim was not to assess the quality of reviews in detail, but to capture what data were
used and how they were reported based on the information given. By systematically
studying the current state of evidence synthesis methods in the context of educa-
tional technology, we can more clearly determine whether evidence syntheses in
this area need further methodological development.

Looking at the different types of reviews and addressing the first research ques-
tion, clear differences can be identified. Meta-syntheses and narrative reviews or
syntheses and critical reviews tend to have lower transparency rates in most areas.
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While the latter are not a problem, as these types of reviews (from the family of tra-
ditional reviews) usually do not contain research questions and do not use inclusion
and exclusion criteria, this is not the case for other review types from the family of
qualitative systematic reviews. Meta-analyses (from the systematic review family)
are generally average in terms of stating the research question and search strategy,
but above average in terms of replicability in data extraction and synthesis. Never-
theless, the analysis showed that of 361 literature reviews, systematic reviews, and
meta-analyses, only 16 were fully transparent and replicable.

It is noticeable that a completely missing methods section is a frequent exclu-
sion criterion. For the secondary studies with a methods section, it can be said that
more care needs to be taken in the reporting of the methods, especially regarding
inclusion and exclusion criteria and the way the data were extracted and synthe-
sized. In contrast to the analysis of 73 EdTech systematic reviews and meta-analyses
by Lai and Bower (2020), where 81% of studies included the full inclusion and exclu-
sion criteria, only 62% of this much larger sample did so. Specifically, this means
that not only should a table of inclusion and exclusion criteria be included, but also
that the exact coding scheme should be provided, either as an appendix or in an
openly accessible repository such as ResearchGate, OSF, or Mendeley Data. It should
also be apparent to the reader how this extraction can be replicated, which may
mean adding additional descriptions to the codes to enable full understanding.

Our analysis makes it clear that there is a need for better methodological rep-
resentation of the approach to evidence syntheses in educational technology. How-
ever, the lack of replication also suggests a lack of methodological guidance. The
combination of these findings suggests that there needs to be a greater focus on
the documentation and selection of research methods and on the research proto-
cols themselves, as well as enhanced guidelines and professional development for
researchers at all career levels. There are already good examples of meta-analysis
and systematic review guidance, such as the PRISMA guidelines (Page et al. 2021),
quality assessment frameworks (e.g., CASP 2022), and methodological guides for
education (e.g., Alexander 2020; Pigott and Polanin 2020). The lack of methodologi-
cal quality is consistent with other analyses of primary research on methodologi-
cal quality in the field of educational technology research. For example, Bulfin et
al. (2014) analyzed methodological approaches in educational technology research
and found that most studies used simple procedures for uni- or bivariate relation-
ships. Hew et al. (2019) came to similar conclusions about the use of theory in edu-
cational technology research, and Buntins, Kerres, and Heinemann (2022) found a
significant need for improvement in the analysis of measurement instruments in
primary studies using an evidence synthesis. This raises the question of whether a
deeper understanding is needed in the methodological training of researchers and
peer reviewers and editors.
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6.1 Furtherresearch

We posit that evidence syntheses in education should develop need their own re-
search methodology rather than continuing to rely on approaches used in health
and welfare, or even in the social sciences, which may or may not be appropriate.
Not only should such syntheses include a theoretical background, they should also
be iteratively developed and empirically evaluated based on empirical reviews. This
development should be evaluated in line with various quality parameters (e.g., in-
ter-rater reliability). In our opinion, this requires discipline-specific bespoke evalua-
tion criteria that consider the interdisciplinarity and fuzziness of concepts. Further
investigation is also needed into the extent to which a lack of methodological stand-
ards in reporting leads to a limitation of research results.

6.2 Concluding remarks

Given the exponential growth in the use of evidence synthesis in educational tech-
nology, this study offers a valuable contribution to the field by drawing attention to
applications of evidence synthesis methodology and by suggesting ways to increase
methodological transparency and replicability. In doing so, it aims to improve the
quality of evidence synthesis in the field of educational technology, although the
recommendations may also be applicable and helpful in other disciplines. Future
work by this research team will explore further important and relevant aspects of
evidence synthesis methodology, such as the issue of language bias.
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