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Abstract
The aim of this article is to empirically investigate the advantages and disadvantages of 
different search strategies in synthesizing research papers that use Virtual Reality (VR) 
educational technology. The aim is to identify cognitive biases on the part of the reviewers 
through different concrete searches. Using two search strategies, the study identifies 
the extremes between an AND search that finds as few irrelevant studies as possible 
but overlooks relevant ones, and an OR search that searches as broadly as possible but 
picks up many irrelevant studies. The article aims to show how systematic searches in 
educational research should be designed to adequately address the typical challenges of 
systematic analyses (e.g., recall-precision problem, cognitive load). The search strategies 
were developed based on a Google Scholar search for existing systematic reviews on 
VR. Here, the two search strategies differed only in terms of their linkage between a 
technological (VR) and a pedagogical search term. The two elements were linked with 
either an AND or an OR. The search items were screened in a two-person cross design 
and evaluated on different measures of precision and recall. There was no evidence that 
the more comprehensive search (OR) is superior to the narrower search (AND), but slight 
evidence of cognitive biases in the screening or search process in the more comprehensive 
search (OR). These results should be further evaluated, investigated, and, above all, 
replicated in further studies.
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Kognitive Prozesse in Screening-Prozessen – Suchstrategien in der 
Bildungstechnologieforschung. Systematische Übersichtsarbeiten zum Lernen mit 
virtueller Realität

Zusammenfassung
Ziel dieser Studie ist es, die Vor- und Nachteile verschiedener Suchstrategien bei der Syn-
these von Forschungsarbeiten, die die Bildungstechnologie der virtuellen Realität (VR) 
nutzen, empirisch zu untersuchen. Hierbei ist das Ziel, kognitive Verzerrungen seitens 
der Reviewer:innen durch verschieden konkrete Suchen zu identifizieren. Mittels zweier 
Suchstrategien sollen die Extrema zwischen einer Suche (AND), die möglichst wenig irrele-
vante Studien findet, aber dafür auch relevante übersieht und einer Suche (OR), die mög-
lichst breit sucht, aber hierbei viele irrelevante aufnimmt, dargestellt werden. Die Studie 
will aufzeigen, wie systematische Suchen in der Bildungsforschung gestaltet sein sollten, 
um die typischen Herausforderungen systematischer Analysen (z.B. Recall-Precision-Pro-
blem, kognitive Belastung) adäquat zu berücksichtigen. Die Suchstrategien wurden auf 
der Grundlage einer vorangegangenen Google Scholar-Suche nach bereits durchgeführ-
ten systematischen Übersichten zur VR entwickelt. Hierbei unterschieden sich die zwei 
verschiedenen Suchstrategien nur in Bezug auf ihre Verknüpfung zwischen einem techno-
logischem (VR) und einem pädagogischen Suchterm. Die beiden Elemente wurden entwe-
der mit einer AND oder einer OR Verbindung verknüpft. Die Suchbeitrage wurden in einem 
Kreuzdesign von zwei Personen gescreent und in Bezug auf verschiedene Präzisions- und 
Recallmaße evaluiert. Es fanden sich keine Hinweise dafür, dass die umfangreichere Su-
che (OR) der engeren Suche (AND) überlegen ist und jedoch leichte Hinweise auf kognitive 
Verzerrungen im Screening bzw. Suchprozess bei der umfangreicheren Suche (OR). Diese 
sollten in weiteren Studien weiter evaluiert, untersucht und vor allem repliziert werden.

1. Introduction
Research syntheses aim to comprehensively aggregate results on a specific research 
question (Gough, Oliver, and Thomas 2017) and then, depending on the type of re-
search review, to describe, summarize, and quantify findings or derive new models 
or theories from the current state of research (Grant and Booth 2009). When cre-
ating such syntheses, researchers need an appropriate and efficient search strat-
egy to find the most relevant research results on the question at hand. Ideally, a 
search strategy should find all relevant research and exclude all irrelevant research 
(Sampson and McGowan 2006). However, researchers often fail to plan and think 
through their search strategies sufficiently, to orient themselves toward previ-
ously successful syntheses of research, to involve information scientists, or even to 
test their search strategies in advance. Accordingly, many research syntheses are 
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carried out with inadequate scientific support under high time pressure to produce 
and publish results. Researchers rarely consider that such decisions affect their re-
search and that different search strategies lead to different research results. What 
is more, they often do not consider the potentially far-reaching implications of dif-
ferent search strategies. The output, that is, the number of research articles, may 
vary greatly depending on the search strategy. This has further implications for the 
time needed to screen the papers, the cognitive load for screeners, and the likeli-
hood of overlooking relevant criteria when there are too many criteria. There are 
few evidence-based contributions that examine how different search strategies af-
fect further activities in syntheses of research (Geersing et al. 2012; Rogers, Bethel, 
and Boddy 2017).

Despite the lack of attention to how search strategies may affect research syn-
theses, researchers in many disciplines are quick to summarize the existing body of 
research on their topic (Andrews and Farris 1972; Lasser et al. 2020). The time pres-
sure researchers are under can affect the psychological processes of those synthe-
sizing research, impairing their ability to concentrate and increasing their cognitive 
load. Using the educational technology of Virtual Reality (VR) as an example, we aim 
to investigate the advantages and disadvantages of two different search strategies 
in the context of a specific synthesis of research.

In fast-growing research fields with a large body of literature (Larsen and Ins 
2010), research syntheses play an important role (Eden 2002). This is particularly 
true of fields like educational technology that are developing quickly and must be 
translated quickly into practice because of their high practical relevance (Radianti 
et al. 2020; Wu, Yu, and Gu 2020). It is important that existing knowledge in the field, 
best practice examples, effects, mediators, and moderators are made available in a 
readable and condensed form, which is the aim of meta-analyses and other types of 
systematic reviews (Liu et al. 2017; Makransky and Petersen 2021).

This article is divided into the following parts. Part 2 presents the theoretical 
background. Part 3 discusses challenges of developing adequate search strategies in 
research syntheses. The focus here is on research about learning with VR, a topic in 
the field of educational technology that is currently attracting substantial research 
interest. Part 4 outlines the research questions and methodological approach, in-
cluding the sample, procedure, and data analysis. Part 5 discusses the results, and 
Part 6 concludes by exploring the implications and limitations of the work.
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2. Theoretical background
Depending on the type of research synthesis, researchers proceed systematically 
through a series of steps (Grant and Booth 2009). These include:
1. developing a research question,
2. defining inclusion and exclusion criteria,
3. searching,
4. screening,
5. quality checking,
6. coding,
7. extracting the results,
8. and synthesizing. 

The methodological issues in research syntheses can be simplified by consider-
ing the relevant studies as a population, like the populations that are the subject of 
primary research. By looking at them in this way, approaches from primary research 
can be applied to secondary research. The population of the searched studies is 
defined by the research question, the operationalization of the population in the 
search (search query), and the specification of the inclusion and exclusion criteria. 
The population here refers to all studies about which the researcher wants to make 
statements, regardless of whether they are found. It can also be considered a true 
population. The literature search is a very important part of any research synthe-
sis. In addition to deciding on the search terms, the literature search also includes 
the selection of databases and other search strategies, such as snowball search-
ing or searching for all literature published on a topic to date (Gehanno, Rollin, and 
Darmoni 2013; Gusenbauer and Haddaway 2020; Shaffril et al. 2021).

3. Challenges of literature search in the context of research syntheses

3.1 The recall-precision problem
The proportion of studies found by a search is called coverage (Martín-Martín et al. 
2021). If the found part of the population of studies does not fit the searched popu-
lation, this is called a coverage error (Alvarez and VanBeselaere 2005). A coverage 
error is therefore a non-sampling error. Two different types of coverage errors may 
occur (see Figure 1). On the one hand, the search results may contain studies that 
are not relevant according to the criteria used in the synthesis: This is called over-
coverage. On the other hand, the results may contain studies that are not covered 
by the search strategy: This is called under-coverage.

http://www.medienpaed.com
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Fig. 1: Under- and over-coverage biases (red dots = not part of the population of relevant stud-
ies; green dots = part of the population of relevant studies, circle = found results).

In most literature syntheses, both forms of biases occur. This is described as 
the recall-precision problem (Bramer, Giustini, and Kramer 2016). Although there 
are a number of different formal definitions of recall, recall is defined here as the 
studies included in the search (ninc) relative to all available and relevant studies (N) 
(Eysenbach, Tuische, and Diepgen 2001). Formally, then:

Recall = ⸺
N

ninc

This means that the closer the recall value is to one, the greater the proportion 
of relevant literature found in the search and the lower the under-coverage bias. 
However, if one tries to calculate the recall empirically, one faces the problem that 
the true population cannot be determined. Otherwise there would be no research 
on the advantages and disadvantages of different search strategies (Evans 2002). 
For this reason, recall must be estimated. Various comparison variables can be used 
for this purpose, such as the results of a database search. This produces a relative 
estimator for the quality of a subpopulation search (Straube et al. 2021). If one as-
sumes that the included studies contain only correctly screened studies (i.e., posi-
tive examples), then the recall can also be described as sensitivity (Cooper and 
Varley-Campbell et al. 2018). Precision, on the other hand, describes the proportion 
of included studies in the review out of all studies (ninc) that were found in the search 
(sall). Formally, then:

Precision = ⸺
ninc

sall

http://www.medienpaed.com
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Again, of course, it should be noted that there are various formal definitions of 
precision. However, all these definitions agree that the more accurately the search 
string captures the true population, the closer the precision value is to one. The 
lower the precision value, the greater the over-coverage bias and the greater the 
number of irrelevant studies. A way to deal with the over-coverage bias is to screen 
the abstracts based on inclusion and exclusion criteria (Lee et al. 2012; Sampson, 
Tetzlaff, and Urquhart 2011). The aim of every research synthesis is to achieve a per-
fect balance between sensitivity and precision. 

The recall-precision problem occurs when one factor is increased and the other 
simultaneously decreases (Stock and Stock 2013). Thus, if the recall is to be increased 
to obtain a more complete set of relevant documents, the precision decreases, so 
that more irrelevant documents are found. Conversely, if precision is to be increased 
to produce less work, this will decrease the number of relevant documents. To ad-
dress the trade-off between work load (Bedenlier et al. 2020) and completeness, it 
is important to consider the details of the search strategy. These include the match 
between the research question and the search strategy as well as the quality of the 
search strategy. 

There are several empirical research approaches and studies in medicine and 
other natural sciences that have dealt with the question of what changes in search 
strategy have what effect on various result parameters (e.g., number of hits, recall, 
precision). For example, there are a large number of studies dealing with the recall 
and precision of various databases. Bramer, Giustini and Kramer (2016) looked at 
the quality of Google Scholar compared to other databases in the context of liver 
cancer, referring to previous studies that had asked the same question before in 
other biomedical and medical contexts (Bramer et al. 2013; Gehanno, Rollin, and 
Darmoni 2013). Other studies looked at whether a non-standardized data-based 
search leads to more results than a standardized database search. Cooper and Lovell 
et al. (2018) found in the context of a study with very few matching studies that a 
non-standardized search leads to more matching hits. Furlan, Irvin and Bombar-
dier (2006) asked to what extent a standardized database search can help with very 
specialized questions or lead to not finding relevant literature. They found that a 
standardized search was possible for their research objective, which was to identify 
nonrandomized studies. These findings indicate that the search strategy has an im-
portant influence on recall and precision. For this reason, search strategy standards 
are being developed. For example, Cooke, Smith and Booth (2012) explored wheth-
er the PICO (Population, Intervention, Comparison, Outcome) or SPIDER (Sample, 
Phenomenon of Interest, Design, Evaluation, Research Type) frameworks lead to 
more efficient exploitation of data. These frameworks help to conduct a search that 
is as sensitive as possible but still prescient (Methley et al. 2014). An addition to 
the PICO framework was “study type” or “study design”, so the acronym became 
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PICOS (Akers, Aguiar-Ibáñez, and Baba-Akbari 2009). In some studies, the S in PICOS 
stands for setting (Robinson, Saldanha, and Mckoy 2011). Studies evaluating these 
approaches have come to different conclusions. This inconsistency in the findings 
suggests that the choice of the right search framework depends on the research 
topic (Cooke, Smith, and Booth 2012; Methley et al. 2014; Rehman 2021). 

The quality of systematic reviews may be affected at various points in the 
screening process. The search is an important step that affects all of the steps that 
follow. In this study, we use the example of VR to address the question of the extent 
to which the (im)precision of the search affects cognitive processes. The following 
section deals with researchers’ cognitive processing when screening articles.

3.2 Cognitive load during screening processes
In the literature cited above, it is often assumed that a complex and nearly complete 
literature search is usually not possible, primarily due to the time involved, which 
would significantly limit the timeliness of the study. In addition, the retrieval of 
larger quantities of literature through more imprecise search strings leads to more 
literature that must be screened. However, Sampson, Tetzlaff and Urquhart (2011) 
showed that researcher errors already occur in the development of search strings. 
Shepperd, Bowes and Hall (2014) examined the extent of researcher bias and con-
cluded that researchers are by far the greatest source of error in literature reviews. 
Biases are associated with several concepts, including prior knowledge, statisti-
cal and data processing skills, interests, and opportunities. Additionally, Süß and 
Schmiedek (2000) showed that in psychometric studies of cognitive performance 
that last several hours, fatigue and loss of motivation lead to a drop in performance, 
whereas effects of practice only help to improve the results slightly. Konig, Buhner 
and Murling (2005) revealed that working memory and cognitive processing were 
the most important predictors of multitasking performance in addition to attention 
and fluid intelligence. Yet there appears to be little research on cognitive resources 
of researchers during the review processes.

A simple, common theory for describing the limited cognitive processing capac-
ity is that of cognitive load (Sweller 1988; Sweller, van Merriënboer, and Paas 2019). 
This empirically validated theory assumes that working memory is limited in its re-
sources. When these limited resources are exceeded, no further input can be pro-
cessed. Originally developed for teaching and learning settings (Buchner, Buntins, 
and Kerres 2021), it now has a variety of applications (Engström et al. 2017; Zhang 
et al. 2017). In cognitive load theory, three types of cognitive load are distinguished 
(Schnotz and Kürschner 2007; Sweller 2003): intrinsic cognitive load, extraneous 
cognitive load, and germane cognitive load. Intrinsic cognitive load means that the 
cognitive load increases with complex and novel tasks. Extraneous cognitive load 
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refers to the form of the material, with material that contains a large amount of ir-
relevant information increasing cognitive load. Germane cognitive load refers to the 
load of the learning itself.

If this is applied to the screening of articles for research syntheses, the following 
assumptions can be derived:
1. The better one knows the research question and the inclusion and exclusion cri-

teria, the lower the cognitive load. In other words, the more prior knowledge 
about the research topic is available and the better the criteria are remembered, 
the less the extraneous load and the better the performance in screening and in 
including and excluding articles correctly.

2. The more irrelevant articles there are in a search query, the higher the cogni-
tive load. This is because as the number of articles increases, processing time in-
creases, and fatigue and errors are more likely. The more irrelevant articles there 
are, or the more articles are generally included in a search query, the higher the 
cognitive load. This is because as the number of articles increases, processing 
time increases, and fatigue and errors are more likely.

3. The less specific the abstracts are, the higher the cognitive load. This is because 
if the concepts mentioned in the abstract remain unclear and are not sufficiently 
described, this often requires the reviewer to read the abstract more than once, 
to combine information, or even to look at the full text. Overall, the processing 
time per article and the cognitive load increases.

4. The vaguer the constructs in the research question are, the higher the cognitive 
load. This is because the less specifically the constructs were defined in advance, 
the more uncertain the reviewer becomes about when to include or exclude 
articles. The missing information creates uncertainty and increases the cogni-
tive load. In addition, nonspecific constructs in the research question increase 
the likelihood that different reviewers will have different understandings of the 
concepts and potentially decrease interrater reliability. These assumptions are 
probably not exhaustive and, more importantly, they are not empirically tested. 
Rather, they are meant to indicate that it is important to pay more attention to 
cognitive resources and the resulting researcher biases. 

3.3 Search strategies in the field of Virtual Reality
Research syntheses in the medical field have been studied extensively with regard 
to the choice of the search string, and there are large numbers of studies dealing 
with how a search string should be constructed (Salvador-Oliván, Marco-Cuenca, 
and Arquero-Avilés 2019). However, little research of this kind has been done in the 
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field of educational technology (Bedenlier et al. 2020). The aim of this article is to 
use the example of VR to look at which search string best considers the needed time 
and cognitive resources.

With educational technologies such as VR that allow a new form of access to 
learning content, it is important to summarize existing study findings in a readable 
and condensed form. Two examples are the syntheses of Radianti et al. (2020) and 
Wu, Yu and Gu (2020), which dealt with the effectiveness of VR in various educa-
tional settings and forms of technology and tried to draw conclusions regarding VR 
in educational scenarios in general. Systematic analyses that address more specific 
questions concerning VR are difficult to find. With the rapid advances in VR technol-
ogy, more and more studies are being published, but most focus on the technology 
itself rather than on instructional parameters (Allcoat and Mühlenen 2018; Mulders, 
Buchner, and Kerres 2020). There is a lack of meta-studies that aggregate relevant 
primary studies to answer questions for research and practice.

In the field of educational technology, learning in VR is gaining importance. As a 
result of increasingly cost-effective software and hardware, more open-source pro-
grams, and educational institutions‘ improved technical equipment, teachers and 
facilities managers face the question of how they can use technologies such as VR in 
teaching and learning scenarios in a meaningful and value-generating way. Moreo-
ver, there are various VR visualization technologies. For example (1) ears-wrapped 
VR Head Mounted Displays (HMD) that cover the eyes or (2) VR with three-dimension-
al content displayed on two-dimensional smartphone or tablet screens. Therefore, 
not only general research syntheses are needed, but also more precise syntheses 
that are targeted to specific VR technologies and groups of learners. These kinds of 
studies are rare compared to studies in which the use of VR is compared with ana-
logue formats (Buchner 2022).

Methodologically, however, this article aims to investigate and highlight the dif-
ferences between two search strategies. It deals with the challenge of choosing a 
search strategy that is specific enough to find as many relevant studies as possible, 
but that does not return too many irrelevant hits. This means identifying all articles 
that investigate and compare the use of HMD- and desktop-based VR.

This article explores the advantages and disadvantages of two different search 
strategies: 
1. a search strategy that is as specific as possible with the result of a manageable 

number of studies, but with the risk of some relevant studies not being found 
(AND search) 

2. a wider search strategy that results in many studies being found, with some of 
them being irrelevant (OR search). 
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The two search strings differ only in how the strings were connected. Whereas in 
the AND search, all search strings of (1) HMD- and (2) desktop-based VR were com-
bined with an AND, in the OR search, these strings were connected with an OR. As 
a result, the AND search finds only those studies that name both VR technologies 
in the abstract and/or in the title or keywords. The OR search finds all studies that 
name at least one of the two technologies. It is worth noting that the aim is not to 
compare the quality of different search terms but to see what dangers arise from the 
broader (OR) and narrower (AND) search strings.

4. Methods

4.1 Research questions
The main research question investigated in this article is: “What is the impact of two 
different search strategies on the screening process in a research review?”. Here, the 
aim is to place a special focus on the cognitive-psychological factors in screening. 
As described above, there is little research on fatigue processes during the screen-
ing process in reviews. By choosing an AND or an OR connection, we can address the 
following research questions:
1. How much larger is the data set in the OR search?
2. How many studies are not found in the AND search?
3. Is there evidence of cognitive biases in the two searches?

The two search designs were examined in the context of the content question, 
“Does desktop-based VR differ from HMD-based VR in terms of student learning and 
outcomes?”.

The search strategies were developed based on a prior Google Scholar search 
for previously conducted systematic reviews using the search terms “virtual reality”, 
“systematic review”, “education”, “technology”, “learning”, which identified the fol-
lowing meta-analyses, on which our own search strategies were based: Kavanagh et 
al. (2017), Radianti et al. (2020), Jensen and Konradsen (2018), Merchant et al. (2014).

From these search strings and the related research, as well as our prior knowl-
edge regarding VR in educational settings, two search strings were created that in-
cluded the technologies (HMD vs. desktop) to be compared (see Table 1). These were 
combined with two different educational context search strings, one related to the 
institutional context and one to the person. In addition, after screening some of the 
hits, we excluded some words using a NOT term. The search string was subsequently 
reflected upon, revised, and improved in dialogue with information scientists. 
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Topic Search String 
Vi

rt
ua

l r
ea

lit
y

HMD-based VR “head mounted display*” OR “head-mounted-dis-
play*” OR “HMD” OR “Oculus” OR “Samsung Gear” 
OR “Samsung Odyssey” OR “Google Cardboard” OR 
“Pimax” OR “Playstation VR” OR “Google Daydream” 
OR “HTC” OR “Pico” OR “Vive” OR “HP Reverb” OR 
“Valve Index” OR “Lenovo Mirage Solo” OR “immer-
sive VR” OR “I-VR” OR “IVR” OR “immersive vir-
tual realit*” OR “degrees of freedom VR” OR “de-
grees of freedom virtual realit*” OR “Kokoda VR” 
OR “immersive”

AND/OR

Desktop-based 
VR

“desktop virtual realit*” OR “desktop VR” OR 
“desktop-VR” OR “desktop-3D” OR “DVR” OR “D-VR” 
OR “desktop 3D” OR “360 degrees video*” OR “360 
degrees-video*” OR “360°-video*” OR “360° vi-
deo*” OR “mobile VR” OR “laptop VR” OR “laptop 
3D” OR “non-immersive” OR “low immersive” OR 
“less immersive”

AND

Ed
uc

at
io

n 
co

nt
ex

t

Institution “school*” OR “gymnasium*” OR “youth organizati-
on*” OR “youth organisation*” OR “youth center*” 
OR “youth centre*” OR “leisure facility*” OR 
“higher education” OR “kindergarten*” OR “uni-
versit*” OR “colleg*”OR “apprenticeship*” OR 
“education*” OR “training*” OR “academic insti-
tut*” OR “academic context*” OR “learning in-
stitute*” OR “learning context*” OR “K-12*” OR 
“K12” OR “P-12” OR “P12” OR “museum*” OR “gal-
ler*” OR “librar*” OR “academ*” OR “tutor*” OR 
“class” OR “classes” OR “learning center*” OR 
“learning centre*”

OR

Person learner* OR student* OR trainee* OR graduate* OR 
teacher*

NOT

Exclusion “dynamic voltage restorer” OR “hard-to-cook” OR 
“hydrothermal carbonization” OR “heat transfer 
coefficients” OR “maximal inspiratory pressure” 
OR “high-temperature combustion” OR “Pico hydro-
power” OR “systematic review” OR “meta analysis” 
OR “heat transfer coefficient” OR “HIV testing 
and counseling” OR “desktop 3D printer” OR “in-
tegrated voltage regulators”

Tab. 1: Search strings.
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The searches were then carried out on 16 October 2022 in Scopus, Web of Science, 
PubMed, and ERIC. These databases were selected because, according to studies on 
subject coverage, they offered broad coverage of this research topic (Gusenbauer 
and Haddaway 2020; Köstler 2023). Articles and conference proceedings were in-
cluded in the search.

To answer the research question of which search strategy is more efficient, two 
searches were carried out. As presented in Table 1, we varied whether the search 
string had to contain (1) at least one HMD-based VR search term AND one desktop-
based VR search term each or (2) at least one of the HMD-based VR search terms OR 
one of the desktop-based VR search terms. The two searches were cleaned of dupli-
cates in their respective search queries. In theory, all search results from the AND 
search should also be found with the OR search.

4.2 Search results and research processes
As described above, two data sets were deliberately created that differ in the num-
ber of papers found. Consequently, the AND search results in 251 studies, while the 
OR Search results in 6403 studies. To ensure that the results are comparable, the 
analysis was carried out with 251 articles. For the AND linkage, all 251 were screened. 
The size of the sample led to a confidence interval of 95% and a margin of error of 6% 
(Kupper and Hafner 1989).

To evaluate both searches in terms of coverage, effort, and cognitive bias pro-
cesses, both authors screened both searches. One author started with the OR link 
search and the other with the AND link search. Afterwards, they switched. This was 
done to distribute sequence effects and cognitive fatigue evenly between the two 
searches.

4.3 Inclusion and exclusion criteria
Inclusion and exclusion criteria were defined for the description of the population of 
studies, that is, the number of studies about which one wants to make statements 
(see Table 2). These include, above all, that there is a comparison of desktop-based 
and HMD-based VR. However, there are also other exclusion criteria, such as no edu-
cational context or no original data being collected. The exclusion criteria were ap-
plied hierarchically. This means that “1. no English language” was assigned if the 
study was in a language other than English, regardless of what other criteria would 
fit the study. Similarly, the exclusion criterion “6. secondary research” was only 
assigned if none of the previous criteria fit. It is therefore enough if one exclusion 
criterion is fulfilled for an article to be excluded. But all inclusion criteria must be 
fulfilled for the articles to be included.
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Inclusion criteria Exclusion criteria (in hierarchical order)

• English language 
• published between 2019 and 2022
• original empirical data
• articles & conference proceedings
• comparison of desktop-based and HMD-

based VR 
• educational context
• primary search

1. no English language
2. published before 2019
3. no original empirical data
4. other publication type than articles and 

conference proceedings
5. no comparison of desktop-based and HMD-

based VR
6. no educational context
7. secondary research

Tab. 2: Inclusion and exclusion criteria.

4.4 Evaluation criteria
Once again, as a reminder, the study was conducted on 251 articles. The articles in 
the OR link search were randomly selected. These 2.251 studies were analyzed using 
different evaluation criteria. These are shown in Table 3. 

There were three different goals here. The evaluation criteria “total number of 
studies” and “precision in the search” are used to determine the effort. The evalua-
tion criteria “estimation of recall” and “studies not found” were used to determine 
coverage. The two inter-rater reliabilities (IRR) were used to represent biases due 
to cognitive processes. These differ, as described in the table, in that the inter-rater 
reliability (criteria compliance) is about the hierarchy of the exclusion criteria. In 
other words, here we check whether the same reason for exclusion was mentioned—
which is an indicator of accuracy.
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Evaluation criteria Description Formalization Interpretation

Total number of 
studies

Total number of stu-
dies found in each 
search

nƒ A ∨ O

The more studies the-
re are, the more work 
is required.

Estimation of recall Proportion of inclu-
ded articles after 
screening from one 
search in all inclu-
ded articles after 
screening from both 
(To avoid biases, the 
included number of 
articles in the OR-link 
sample is estimated. 
The estimation takes 
place by scaling up.)

RA ∨ O = 
(nincA

 + nincE
)

nincA ∨ OE

The higher the recall 
value, the more stu-
dies in total are found 
by the search strategy.

Precision in the 
search

Proportion of inclu-
ded articles after 
screening in the total 
number of studies

PA ∨ O = 
nƒA ∨ OS

nincA ∨ O

The higher the preci-
sion value, the more 
precisely the search 
string describes what 
is being searched for.

Inter-rater reliability 
(IRR) 

Proportion of matches 
regarding inclusion 
and exclusion decisi-
ons after screening on 
the search

IRRIE = 
nƒA ∨ OS

Minc ∧ excA ∨ OS

The higher the IRR 
is, the more accurate 
reviewer’s work.

Inter-rater reliability 
(criteria compliance)

Proportion of the 
search query matched 
with respect to the 
inclusion and exclusi-
on criteria

IRRIE = 
nƒA ∨ OS

McriA ∨ OS

The higher the IRR 
is, the more accurate 
reviewer’s work.

Studies not found Number of missing 
studies in the AND-
Link search found in 
the OR-link search

The higher the value, 
the more studies are 
overlooked in the nar-
rower search string.

Included studies 
(unique)

Number of studies 
found in the one 
search only. nA ≠ {O} ∨ nO ≠ {A}

Study was only found 
with one search. The 
OR search refers to 
the entire sample of 
6543 studies.

Legend:

n: number of 
studies

f: found studies

inc: included 
studies

exc: excluded 
studies

M: matching
cri: criterion

A: AND-link 
search

O: OR-link 
search

E: estimated
s: sampled 

studies

Tab. 3: Evaluation criteria.
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5. Results
The aim of this study was to determine which of the search strategies (AND vs. OR) is 
best suited to generate a search query that contains as many relevant studies as pos-
sible, excludes as many irrelevant studies as possible, and overlooks as few relevant 
studies as possible in the screening process. Altogether, using the example of the 
educational technology VR, we have tried to find out what suitable search strategies 
include that adequately address typical challenges of systematic analyses (e.g., re-
call-precision problem, cognitive load). For this purpose, two search strategies were 
evaluated according to the different evaluation criteria described above. The results 
are shown in Table 4. Here it can be seen that the OR search leads to 6152 more 
studies than the AND search. It took each of the two scientific researchers about 
2.5 hours to screen the 251 articles. The articles in the OR search were randomly 
sampled. One of us started with the 251 articles in the AND-link Search. The other 
one started with the OR search. Taken together, the additional effort screening all 
articles found in the OR search can therefore be estimated at about 60 hours per 
person (2.5 per 251 articles). Here, the percentage given in precision is significant 
higher in the AND search. The recall estimates are about the same but are somewhat 
lower in the AND search. Looking at the interrater reliability, there are no relevant 
differences in either measure. There is no difference when looking at IRR inclusion 
and exclusion decisions. In the interrater reliability (criteria compliance) (see Table 
2), there is slightly higher reliability for the OR search.

Evaluation criteria AND search OR search

Total number of studies 251 6403

Included numbers 49 of 251 2 of 251

Estimated numbers of included studies - 51 (2*(6403/251))

Included studies 2 of 251 1 of 251

Recall estimation in the search 0.92 0.96

Precision in the search 0.195 0.008

Inter-rater reliability 0.964 0.964

Inter-rater reliability (criteria compliance) 0.773 0.800

Tab. 4: Results of the AND and OR search.

6. Discussion
The aim of this study was to empirically investigate the advantages and disadvan-
tages of different search strategies using the example of a systematic literature 
search in the context of VR. The peculiarities of the field are, on the one hand, the 
fast-growing pace of the research field and, on the other, the multitude of studies 
comparing VR with other technologies or analogue formats instead of two VR reali-
zations. 
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To this end, a broader and a narrower search were conducted and examined in 
terms of various recall, precision, and accuracy parameters. In the searches, there 
were no relevant differences in the accuracy of the screening (described using the 
two IRR evaluation criteria and none regarding a relevant low recall). On the con-
trary, more unique studies were found in the narrower (AND) search: studies that 
did not appear in the data set of the broader (OR) search. Since this is technically 
impossible, we suspect that human errors in removing duplicates occurred during 
this search. These were identified using the Eppi-Reviewer application and then 
automated for more than 98%, the rest manually. Subsequently, duplicates were 
searched for manually. This can lead to both technical and human errors. Another 
source of human error is the download limitation in Scopus and ERIC. In these da-
tabases, only a certain number of articles can be downloaded at the same time, so 
several files must be downloaded due to further filtering algorithms. These must be 
determined by means of logical closure.

There are very clear differences in precision – for example, there are 25 times 
more hits than in the broad OR search, and the precision value for the broader 
search is 0.008 compared to 0.195 for the narrower search (AND search). Hence, the 
workload is much higher for the broader search. 

It should be noted that the inclusion and exclusion criteria in this search are 
manifest variables, meaning that they are directly observable. If we take a closer 
look at the missing matches, the cases where the same exclusion criteria were not 
selected, we see that they are all due to a lack of definition of the educational con-
text. On the one hand, this could be due to a lack of concentration. On the other 
hand, however, there is a blurred distinction between psychoeducation and learn-
ing within the framework of rehabilitation measures. For example, the authors did 
not agree on whether a study on driving under the influence of alcohol among col-
lege students is education or still psychoeducation (Madigan and Romano 2020). To 
understand the processes here precisely, qualitative studies would be needed that 
apply the think aloud method, for example.

In the current search, we could not find any evidence of a greater cognitive load 
in the broader search (OR search). This means that the IRR is not lower here and is 
even higher in the exact code coding (criteria compliance). This can be interpreted 
as an indication that the cognitive load does not differ significantly. However, we 
believe that more studies are needed in this area. These vary further in terms of the 
fuzziness of the criteria, the experience of the reviewers, and the quantity of hits. It 
should also be noted that there is still a great deal of variance in the sample of 251 
studies. In a further step, it would be interesting to see whether the values from the 
OR search can be confirmed in this way in other samples.
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7. Conclusion
Our analysis showed that a narrow search string (AND search) does not lead to less 
relevant results, such as significantly fewer studies, than the broader search string 
(OR search). We will therefore continue to work with this in our upcoming meta-
analysis. By doing so, we hope to make our work more efficient by systematically 
reducing the number of irrelevant articles. 

Our finding is in line with Cooke’s (2012) findings. However, it should be noted 
that the search string must indeed be as precise as possible. As mentioned above, 
cooperation with librarians and information scientists is crucial here. Studies have 
shown that they are not consulted in most review processes, although they would 
be willing to help (Grossetta Nardini et al. 2019). They can, for instance, help to re-
fine a search string and point out missing elements in a search string. 

Furthermore, an additional manual search should be attempted if necessary. 
On the one hand, this offers the possibility of finding literature outside of large 
databases and also grey literature or pre-print documents (Haddaway et al. 2015; 
Haddaway and Bayliss 2015). 

7.1 Further research
In the field of VR, where there are already many studies with more being added all 
the time, it is crucial to design research syntheses efficiently. In this field, to system-
atically aggregate current technological trends, a systematic review is a state-of-
the-art method providing profound results. Nevertheless, more research is needed 
on the question of how researchers can find relevant literature, also on other topics 
and research questions dealing with cognitive load and other cognitive variables.

A special focus should be placed on questions with fuzzy constructs, such as 
motivation, performance, or student engagement (Bond et al. 2020). There is hardly 
any research in this area to date. In the future, the influence of latent and thus fuzzy 
constructs on fatigue during screening and coding should be investigated.

Another question that has not been addressed adequately in the literature is 
how long articles can be screened before concentration decreases and fatigue ap-
pears, and to what extent this depends on the research question and the quality of 
the search string. 
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