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Abstract

A substantial amount of media comparison research has been conducted in the last
decade to investigate whether students learn Science, Technology, Engineering,
and Mathematics (STEM) content better in immersive virtual reality (IVR) or more
traditional learning environments. However, a thorough review of the design and
implementation of conventional and IVR conditions in media comparison studies
has not been conducted to examine the extent to which specific affordances of IVR
can be pinpointed as the causal factor in enhancing learning. The present review
filled this gap in the literature by examining the degree to which conventional and
IVR conditions have been controlled on instructional methods and content within
the K-12 and higher education STEM literature base. Thirty-eight published jour-
nal articles, conference proceedings, and dissertations related to IVR comparison
studies in STEM education between the years 2013 and 2022 were coded accord-
ing to 15 categories. These categories allowed for the extraction of information on
the instructional methods and content characteristics of the conventional and IVR
conditions to determine the degree of control within each experimental compari-
son. Results indicated only 26% of all comparisons examined between an IVR and
conventional condition were fully controlled on five key control criteria. Moreover,
40% of the comparisons had at least one confound related to instructional method
and content. When looking at the outcomes of the studies, it was difficult to gather
a clear picture of the benefits or pitfalls of IVR when much of the literature was
confounded and/or lacked sufficient information to determine if the conditions were
controlled on key variables. Implications and recommendations for future IVR com-
parison research are discussed.

Alyssa P. Lawson and Amedee Marchand Martella co-first authorship.
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Objective and Rationale

Media comparison research involves comparing the learning outcomes of students
who learn with different instructional media such as with immersive virtual real-
ity versus conventional modes of instruction (e.g., slideshow presentations, textbook
readings, or video lessons). In other words, students in one condition are taught the
same content with one type of medium, and students in another condition are taught
with a different type of medium, and the learning outcomes of the two are compared
(Warnick & Burbules, 2007). Despite the prevalence of these kinds of studies, a per-
sistent challenge in media comparison research is to implement control and treat-
ment conditions that differ with respect to the instructional medium but are equiva-
lent with respect to the instructional methods and content they contain (Clark, 1983,
1994a, 1994b, 2012).

Our goal is not to contribute to the long-standing debate on the merits of media
comparison research but rather is to pinpoint ways to improve the methodological
rigor of this literature base. Our particular interest is in research on immersive vir-
tual reality (IVR) for STEM education which has been the focus of recent media
comparison research. IVR refers to a computer-supported device that visually trans-
ports and immerses a learner in a new computer-generated environment and allows
users to feel they are present in an environment that is different from their physical
environment (Immersive Virtual Reality, 2008). IVR differs from augmented reality
wherein augmented reality presents computer-generated items overlaid in a learner’s
physical environment (Carmigniani & Furht, 2011).

The use of IVR has been rising in popularity within the last decade, with strong
claims made about the effectiveness of using IVR in STEM education. However,
the extent to which the specific affordances of IVR can be pinpointed as the causal
factor in enhancing learning has yet to be systematically investigated. As Crom-
ley et al. (2023) found in their meta-analysis on the use of virtual reality (VR) in
STEM learning, the strongest effects of VR were for those conditions that included
active learning techniques—that is, benefits were found when specific instructional
methods were embedded in VR. Similarly, Conrad et al. (2024) found that IVR is
advantageous as compared to other media when learners are actively involved as
compared to passively involved. It is important to highlight that active learning tech-
niques are not necessarily unique to the VR device and can be used in conventional
media, thus potentially conflating the usefulness of VR itself. Therefore, the aim
of this systematic review was to examine whether conclusions about the effective-
ness of the IVR technology itself can confidently and appropriately be made or are
limited by the confounding of other instructional methods and content that is non-
specific to the technology. This systematic examination of the literature provides
important insights into the degree of confidence we can have in conclusions about
the effectiveness of the IVR technology itself.
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Background on Technology in Education

The use of technology in education has been popular for over a century, with new
waves of learning media occurring with the introduction of technologies such as
motion pictures, radio, educational television, overhead projectors, programmed
teaching machines, video, personal computers, the Internet, and extended real-
ity devices (Cuban, 1993; Purdue Online, 2024; Saettler, 1990). As noted in the
1980s, the introduction of each new medium brings with it advocates who argue
that students will experience learning improvements because of these new technolo-
gies (Clark, 1983). In fact, much of the promotion of educational technology stems
from the perspective that incorporating new technologies into the learning process
will result in learning outcomes that are educationally significant (Reeves & Oh,
2017). These claims have led to subsequent media comparison studies to determine
the effectiveness of a new instructional medium as compared to conventional media
(Clark, 1983).

Media comparison studies are popular in educational psychology and educational
technology despite methodological concerns that have been raised for over four dec-
ades (Buchner & Kerres, 2023; Honebein & Reigeluth, 2021). In the 1960’s and
70’s, when televised and computerized instruction were prominent, some research-
ers expressed that media comparison studies were not fruitful and that learning
objectives could be achieved using a variety of different instructional media (Clark,
1983; Levie & Dickie, 1973). These concerns highlighted questions of whether
media comparison studies were worthwhile and if media could influence learning.
These questions became the focus of a special issue (Vol. 42, No. 2) in the jour-
nal Educational Technology Research and Development (ETRD) during 1994. This
special issue on the media comparison debate involved researchers such as Clark
(1994a, 1994b), Jonassen et al. (1994), Kozma (1994a, 1994b), Morrison (1994),
Reiser (1994), and Shrock (1994).

One overarching issue raised in the debate was that studies involving the compari-
son of different media could be confounded. More specifically, Clark (1994a) argued
that underlying all media are instructional methods, and it is these instructional meth-
ods that are the important ingredient rather than the medium itself. When he examined
meta-analyses comparing audiotutorial and conventional instruction or comparing
computerized and conventional college instruction, he identified uncontrolled meth-
ods and content (including differences in the time it took to complete lessons) that
made it difficult to know whether the results could be attributed to the medium specifi-
cally or to other elements of the intervention (Clark, 1983). In more recent reviews,
similar confounds have been identified. For example, Honebein and Reigeluth (2021)
reviewed 39 media comparison articles (years 1980-2019) in the journal ETRD and
41 media comparison articles (years 2009-2018) in other journals and found that the
majority of comparative articles confounded the instructional media and the instruc-
tional methods.

As stated by Clark (1983), “It was Mielke (1968) who reminded us that when
examining the effects of different media, only the media being compared can be dif-
ferent. All other aspects of the treatments, including the subject matter content and
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method of instruction, must be identical” (p. 448). This notion of isolating and con-
trolling variables is a hallmark of rigorous, unconfounded experimental research and
is critical for making valid, causal conclusions (Chen & Klahr, 1999; Martella et al.,
2023). Revisiting the media comparison debate, there are some, like Clark (1994a,
1994b), who argue that media do not influence learning and are mere delivery trucks
whereas there are others, like Kozma (1994a, 1994b), who argue that media have
unique attributes and that we should be focusing on how the media and methods
work together to facilitate meaning-making and knowledge construction. Regardless
of the side of the debate a researcher is on—or if they fall somewhere in the mid-
dle—if we are to determine whether media influence learning, one or more instruc-
tional components should be selectively contrasted and studied in a systematic fash-
ion to determine which components are most important for learning (e.g., see De La
Paz, 2007).

One issue for research on instructional practices, such as those within science
education, is the use of “baggage-laden terms” without the accompaniment of clear
operational definitions of what different instructional conditions entail (Klahr, 2013,
p. 14076). When key features of different types of instruction are not outlined, it is
difficult to determine how they differ. Without an understanding of how they dif-
fer, pinpointing why one approach was more or less effective than another becomes
challenging, if not impossible. In this effort of exploring the “why,” it is important
to identify features that are unique to the medium itself—as some capabilities can-
not be replicated/recreated via other media (Hastings & Tracey, 2005)—and those
that can be controlled between instructional conditions, with the goal of shedding
light on the role a specific medium plays in learning. These systematic approaches to
media comparison research are as relevant and needed as ever with the wave of new
technologies surfacing in the educational market.

Immersive Virtual Reality

Of the new technologies entering the market, IVR has emerged as a tool “poised
to revolutionize education” (AlGerafi et al., 2023, p. 1). In recent years, there has
been a large push to use IVR as a tool for teaching students new content, particularly
STEM content. In fact, the global market for virtual reality in education is projected
to reach 28.70 billion USD by 2030 (Fortune Business Insights, 2023). Companies
such as Meta have been promoting the idea that the IVR technology they have been
building is creating new opportunities for student learning and have even partnered
with different universities to teach instructors about how to use immersive tech-
nology for learning in their classroom (Clegg, 2023). Suggestions for practitioners
within the IVR literature are often of the form “using IVR can improve learning”
(e.g., Coban et al., 2022; Villena-Taranilla et al., 2022).

This push for the use of IVR in classrooms stems, at least partly, from the gener-
ally positive results that the literature is presenting. When examining meta-analy-
ses for information on the effectiveness of IVR in education as compared to more
traditional or non-immersive approaches, the results often show positive effects on
learning (e.g., Coban et al., 2022; Conrad et al., 2024; Villena-Taranilla et al., 2022;
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Wu et al., 2020). Despite these positive effects on learning, media comparison stud-
ies can present challenges in determining whether it was the media itself that influ-
enced learning, the methods themselves that were attributable to the results, or the
two working in tandem to produce learning outcomes. As such, researchers have
expressed the need for a “thorough, scientific discussion” of the designs and meth-
ods used in IVR research (Buchner, 2023, p. 1).

Systematic Review Research Questions

Considering the media comparison debate and the issues that can arise in the design
of conditions within these studies, it is important to establish the extent to which the
instructional methods and content are controlled between instructional conditions in
IVR comparative studies. This examination would provide insight into whether the
results of comparative studies could be attributed to specific affordances of the par-
ticular medium. Therefore, the present review was conducted to examine the extent
to which the instructional methods and content were controlled (labeled through-
out paper as the “degree of control”) between IVR and conventional conditions in
STEM education research with students in K-12 and higher education.

Operationally, we defined IVR for the present review as involving a head-mounted
display (such as from Oculus Quest or HTC Vive). Our focus was on STEM education
given that the media comparison literature is abundant in this area and has not yet been
systematically examined with regard to the designs and methods used. Further, the
importance of ensuring diverse populations of students are attracted to and retained in
STEM fields cannot be overstated (Palid et al., 2023). As noted in the visionary report
from the National Science Foundation, students should have “an equitable opportunity
to acquire foundational STEM knowledge” wherein an “understanding of how people
learn with modern technology [is needed] to create more personalized learning experi-
ences, to inspire learning, and to foster creativity form an early age” (National Science
Foundation, 2020, p. 5).

There were two primary research questions that guided our review:

1. Are the instructional conditions in IVR comparison studies controlled on instructional
method and content?

2. When looking at different study outcomes, how confounded are the comparisons
between IVR and conventional conditions?

Method

The complete pre-registered search strategy and screening process are available on
the Open Science Framework (OSF)!. The OSF pre-registration protocol follows the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. The only PRISMA guidelines that were not incorporated were those

! https://osf.io/3zbj6/?view_only=f8aa26cd27ed4bf889cf538143a0de59
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outside the scope of the present review. A condensed version of our methodology is
presented below.

Literature Search

We used two primary approaches to locate published articles, dissertations, and con-
ference proceedings for consideration after an iterative search process that is detailed
on OSF'. First, seven databases were searched using a variety of search terms. Sec-
ond, articles included in recently published meta-analyses and reviews of the related
literature were examined. For our database searches, OpenDissertations, ProQuest
Dissertations and Theses, Compendex, Web of Science, ERIC, PubMed, and Psy-
cInfo were included as they cover STEM subjects. Document types were limited
to dissertations (from OpenDissertations and ProQuest Dissertations and Theses),
conference articles and proceeding papers (from Compendex and Web of Science,
respectively), and peer-reviewed scholarly journal articles (from Compendex, ERIC,
PubMed, Psyclnfo, and Web of Science). Dissertations and proceeding papers were
incorporated to include research that had not yet been published in peer-reviewed
journals. The dates of inclusion were from January 1, 2013 to December 31, 2022.
The starting year of 2013 was chosen for three reasons: (1) related, previous meta-
analyses and critical analyses have often used 2013 as their start date for admis-
sion to their review (e.g., Hamilton et al., 2021; Wu et al., 2020); (2) the Oculus
Rift HMD-VR headset (specifically the Oculus development kit V1) first debuted
in 2013; and (3) the iterative search process (described in a document on OSF!)
determined that searches prior to a 2013 publication year did not result in relevant
articles.

The final search string used in these databases was: [IN ABSTRACT] (“virtual
reality” OR “head mounted display” OR ‘“head-mounted display” OR “immersive
learning” OR “immersive VR” OR “educational VR” OR “VR learning”) AND
(training OR education OR educational OR learn OR learning OR classroom
OR instruction OR teach OR teaching) AND (intervention* OR experiment* OR
empirical OR control OR treatment* OR quantitative OR group)) NOT [IN TITLE]
(“systematic review” OR “meta analysis” OR meta-analysis OR “case study” OR
rehabilitati* OR elderly OR animal* OR “intellectual disability*” OR “physical dis-
ability*”). The search was limited to English language documents. The literature
searches yielded 11,432 articles. However, after the first deduplication process in
Zotero, the number was reduced to 9076 articles. After the second and final dedu-
plication process in Rayyan, there were a total of 8973 unique articles (the PRISMA
flow chart is presented in Fig. 1).

Criteria for Inclusion

The primary aim of this systematic review was to examine articles that compared
learning outcomes involving STEM content of K-12 or higher education students
who learned with IVR (e.g., involving a head-mounted display) versus with more
traditionally used learning media (e.g., video lectures, textbook readings, or online
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[ Identification of studies via databases and registers ]
)
s .
- Records identified from: R Duplicate records removed after
é‘ 7 Databases > two de-duplication processes
El (n=11,432) (n =2,459)
=
—
— Records excluded
(n=7,496)
. Records excluded if at least one of the following
exclusion criteria was met:
Records screened through a. Not K-12 or higher education population
titles and abstracts b. Not exclusive-VR
(n=8,973) c. No head-mounted display
d. No learning of academic content
d. No assessment
e. Not STEM focused
g. No control condition
h. No experimenter present
v
Flagged records further Records excluded for not having
screened for use of immersive immersive virtual reality
virtual reality (n=1,377)
g2 (n=1,477)
3
g Records excluded
(n=62)
The number of articles that were excluded based on a
specific exclusion criterion during full review:
Y a. Not K-12 or higher education population (n = 1)
Records assessed for final b. Not exclusive-VR (n=17)
coding eligibility through ¢. No head-mounted display (n = 3)
full text review d. No learning of academic content (n = 4)
(n=100) d. No assessment (n = 2)
e. Not STEM focused (n = 13)
g. No control condition (n = 12)
h. No experimenter present (n = 2)
*No author response for request for information
(n=6)
*Same study presented in conference proceeding and
refereed publication (n = 2)
—
=
-"g’ Records included in review
S n =38
E ( )

Fig. 1 PRISMA 2020 flow diagram

lessons). To be considered for inclusion in the present review, the following inclu-
sion criteria had to be met: The articles needed to include (a) a non-clinical sample
of children or adults in a K-12 or higher education environment; (b) a virtual reality
learning experience that was fully immersive; (c) the use of a head-mounted dis-
play for the IVR device (i.e., not using a CAVE system); (d) a focus on presenting
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learners with new academic content with an associated posttest assessment rather
than practicing a skill, refining body movements, developing social or emotional
skills, or developing spatial skills; (e) a lesson on STEM-related content (note: this
criterion is different from the pre-registered protocol and was decided upon dur-
ing screening due to the volume of articles and refined research questions); (f) an
IVR condition where the main introduction to new content took place in IVR (i.e.,
students needed to learn new content exclusively within an IVR lesson but could
practice content outside of IVR); (g) a conventional condition that reflected more
traditional educational experiences (i.e., a learning environment that did not use
IVR, desktop VR, simulations, or games-for-learning); and (h) an experimenter and/
or instructor who was physically present to monitor participants (i.e., not a remote
experiment) during the duration of the experiment in both conditions. The articles
also needed to be original empirical work and be written in English.

Screening

Both co-first authors as well as the third and fourth authors conducted title-abstract
screening for the 8973 articles (see Fig. 1). For purposes of interrater agreement,
20% of the articles were double screened (blinded review) by the third and fourth
authors (12% and 8%, respectively). The interrater agreement level was 99.1%. The
nine conflicts were discussed among the screeners, and resolutions were reached for
each. After the screening process, 1477 articles were reviewed to determine whether
the use of the term “virtual reality” referred to immersive virtual reality. After this
process, 100 articles moved on to full-text review. The same screening authors were
tasked with reviewing a random subset of these articles (percentage reviewed varied
across screening authors), alongside the fifth, sixth, and seventh authors. Authors
were contacted for clarification on any of the inclusion criteria. If the information
received did not meet the inclusion criteria or authors did not respond, the article
was excluded. After full-text review, the number of articles that were included in the
final set was 38. The final list of articles is listed in OSF. PDFs for included articles
were obtained from the University’s library holdings, through Interlibrary Loan, or
through contacting authors.

Coding Procedure

Articles were coded across 12 primary categories (see Table 1) and three supple-
mental categories (see supplemental Table S1). The supplemental categories pro-
vided a deeper look into what the conditions involved (e.g., whether the conventional
condition involved technology, what type of headset was used in the IVR condition).
The primary categories were designed for the extraction of information needed to
answer our two primary research questions. Each column in the spreadsheet repre-
sented a coding category, and each row, our unit of analysis, represented a compari-
son between one IVR condition and one conventional condition from each article.
Articles could have multiple rows if they involved multiple comparisons (e.g., IVR
1 vs. conventional and IVR 2 vs. conventional; IVR vs. conventional 1 and IVR vs.
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Table1 Number (and percentage) of experimental comparisons in each coding designation across 12
coding categories

Coding description N=50 Comparisons

Foundational details

Category 1: Were Operational Definitions of Conventional Condition Provided?

Yes, Complete 21 (42.00%)
Yes, Partial 14 (28.00%)
No 15 (30.00%)
Category 2: Were Operational Definitions of IVR Condition Provided?
Yes, Complete 25 (50.00%)
Yes, Partial 14 (28.00%)
No 11 (22.00%)
Category 3: Were Activities Involved in Conventional Condition?
Yes 10 (20.00%)
Likely Yes 0 (0.00%)
No 23 (46.00%)
Likely No 9 (18.00%)
Difficult to determine 8 (16.00%)
Category 4: Were Activities Involved in IVR Condition?
Yes 25 (50.00%)
Likely Yes 0 (0.00%)
No 16 (32.00%)
Likely No 0 (0.00%)
Difficult to determine 9 (18.00%)
Category 5: Did IVR Condition Involve Non-IVR Activities?
Yes 4 (8.00%)
No 42 (84.00%)
Difficult to determine 4 (8.00%)
Category 6: What Were the Learning Outcome Results of the Comparisons?
IVR 12 (24.00%)
Conventional 1 (2.00%)
Tied 27 (54.00%)
Mixed 7 (14.00%)
No Stats/Questionable Stats 3 (6.00%)

Research Question 1

Category 7: Were Conditions Controlled on Activities?

Yes 18 (36.00%)
Likely Yes 2 (4.00%)
No 14 (28.00%)
Likely No 3 (6.00%)
Difficult to determine 13 (26.00%)
Category 8: Were Non-1VR Activities Controlled Between Conditions?
Yes 3 (6.00%)
No 1 (2.00%)
Not Relevant 42 (84.00%)
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Table 1 (continued)

Coding description N=50 Comparisons
Difficult to determine 4 (8.00%)
Category 9: Did Conditions Receive Same Amount of Practice with Dependent Measure?

Yes 32 (64.00%)
No 6 (12.00%)
Difficult to determine 12 (24.00%)

Category 10: Was Time Spent Learning Controlled Between Conditions?
Yes 28 (56.00%)
Likely Yes 1 (2.00%)
No 0 (0.00%)
Likely No 7 (14.00%)
Difficult to determine 14 (28.00%)

Category 11: Was Content Matched?
Yes 33 (66.00%)
No 1 (2.00%)
Difficult to determine 16 (32.00%)

Category 12: What Was Degree of Control Across Five Control Criteria?

Approach 1:
Fully Controlled 13 (26.00%)
Mostly Controlled 11 (22.00%)
Somewhat Controlled 8 (16.00%)
Somewhat Not Controlled 10 (20.00%)
Mostly Not Controlled 6 (12.00%)
Fully Not Controlled 2 (4.00%)

Approach 2:
Fully Controlled 13 (26.00%)
Mostly Controlled 6 (12.00%)
Somewhat Controlled 1 (2.00%)
Somewhat Not Controlled 3 (6.00%)
Mostly Not Controlled 0 (0.00%)
Fully Not Controlled 0 (0.00%)
Difficult to Determine 27 (54.00%)

conventional 2) across the same experiment or across multiple experiments. For arti-
cles that included factorial designs, we chose to include only those comparisons that
were controlled on one of the two variables. For example, for a factorial design that
compared media (IVR vs. conventional learning) with generative learning strate-
gies (summarizing vs not summarizing), we only included the comparisons (1) IVR
without summarizing vs traditional without summarizing and (2) IVR with summa-
rizing vs traditional with summarizing. The total number of comparisons was 50
across the 38 articles (five articles included multiple comparisons, either with one
IVR condition compared to two different conventional conditions or two IVR condi-
tions compared to one conventional condition).
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Coding Categories

The left column of Table 1 lists the names and possible designations for each of
12 primary coding categories. Each coding category was represented by a ques-
tion with specific codes that addressed each question. These categories serve as the
foundation for answering the two primary research questions.

Foundational Details of IVR and Conventional Conditions to Answer Research
Questions 1 and 2

Categories 1 and 2: Were All Features of the Conventional Condition and the IVR
Condition Operationally Defined? To determine how conditions differ and establish
why one condition did or did not lead to greater learning than the other condition(s),
specific definitions and procedures need to be provided within a study (Klahr, 2013;
Martella et al., 2020). As such, we coded for whether a complete operational defini-
tion was provided for each condition. Although this variable is continuous, for the
purposes of this review, we coded for whether there was a complete definition, a par-
tial definition, or no definition of what occurred during the lesson in both the IVR
and conventional conditions. A complete operational definition included specifics as
to the methods, features, and/or procedures involved in each lesson. To be considered
complete, the description of the condition would need to allow another researcher
to be able to replicate the lesson and/or list out all essential features involved in the
instructional conditions of the study (for example, see Parong & Mayer, 2020). A
partial definition involved providing some information about the methods, features,
and/or procedures involved in each lesson—that is, it went beyond a simple label—
but did not include enough information to determine how that lesson was specifically
implemented in practice (for example, see definition of conventional condition in Su
et al., 2022). No definition involved simply labeling the condition (e.g., traditional
lecture, virtual reality lesson) without describing what specifically occurred during
the lesson or not providing any details about the condition.

Categories 3 and 4: Did the Conventional Condition and the IVR Condition Receive
Activities During the Lesson? There is a large literature base on the effective-
ness of including students in participatory activities during a lesson (often termed
active learning) and allowing them to have opportunities to practice. Activities can
include, for example, answering practice questions, completing class worksheets,
working on a hands-on laboratory task, building concrete models, creating concept
maps, and discussing content with peers. When these activities help students engage
in generative learning (i.e., meaning is actively constructed through the organization
of new information and the integration of this new information with prior knowl-
edge; Fiorella & Mayer, 2015, 2016), they can be effective for student learning. We
therefore coded for whether students received activities during the lesson to practice
or extend their learning (coded yes) or did not engage in such activities (coded no),
such as being instructed to simply watch a video or listen to a lecture.
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It is important to note that the conventional condition could be coded as /ikely no for
having activities if it was only described with a general term such as traditional lecture
and no other information was provided to determine definitively whether activities
were integrated into the lesson as traditional lecture is commonly referred to as pas-
sive learning (Deslauriers et al., 2019; Freeman et al., 2014; Hartikainen et al., 2019).
The conventional condition could also be coded as likely yes for having activities if it
was only described with a general term such as active learning and no other informa-
tion was provided as active learning typically involves the use of activities to engage
students in the learning process (Martella et al., 2023). When the IVR or conventional
condition did not involve an operational definition or was not specifically labeled with
a phrase that indicated activities were/were not likely involved (e.g., active learning
condition, passive lecture condition), the condition was coded difficult to determine.

Category 5: Did the IVR Condition Involve Non-IVR Activities? When IVR conditions
involve activities, these activities may not necessarily be implemented within the
IVR lesson. Rather, these activities could be implemented outside of the IVR envi-
ronment where they become non-IVR activities such as class discussions that take
place in the physical classroom or paper-based worksheet activities. Therefore, we
coded for whether an IVR condition included non-IVR activities (with the coding
options yes and no). In the event that an IVR condition was not well operationalized
and we could not determine if there were any activities that occurred outside of IVR,
the condition was given the code difficult to determine.

Category 6: What Were the Learning Outcome Results of the Comparisons? To deter-
mine the achievement-based learning outcomes of each comparison between a con-
ventional condition and an IVR condition, the learning outcomes were coded as /VR
better (IVR condition had statistically significantly greater learning on all dependent
measures), conventional better (conventional condition had statistically significantly
greater learning on all dependent measures), tied (conditions resulted in nonsignifi-
cant differences on all dependent measures), mixed (the results differed based on
the dependent learning measures examined [e.g., [IVR was better on a measure(s) of
transfer and conventional was better on a measure(s) of retention]), and inconclusive
(statistics were not presented or were questionable).

Research Question 1: Are the Instructional Conditions in IVR Comparison Studies
Controlled on Instructional Method and Content?

Category 7: Were the Conditions Controlled on Whether the Lessons Included Activi-
ties? To determine if there was a confound between the medium and the methods
(e.g., IVR condition with practice activities vs. conventional condition with no prac-
tice activities), categories 3 and 4 were examined for consistency between conditions
with coding options of yes, likely yes, no, and likely no. See Table 2 for how catego-
ries 3 and 4 were used to determine whether conditions in each comparison were
controlled on participatory activities. If one or both of the conditions had received a
code of difficult to determine for categories 3 and 4, the comparison would be given
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a code of difficult to determine in response to the conditions being controlled on par-
ticipatory activities.

For those comparisons that met the requirements of having conditions that were
controlled on the involvement of activities during the lesson, the conditions were fur-
ther examined to ensure the activities were implemented in the same way between
conditions. If there was a confound related to the activities (e.g., activities in one con-
dition involved group work, and activities in the other condition involved independent
work), the comparison was coded no for conditions being controlled on activities.

Category 8: Were Any Non-IVR Activities Controlled Between Conditions? If an IVR
condition includes non-IVR activities and the conventional condition does not, it
becomes difficult to strictly point to the immersive lesson as the causal factor. To deter-
mine if this variable was controlled between conditions, category 5 was examined, and
for any comparisons where the IVR condition involved non-IVR activities, the conven-
tional condition was evaluated for the presence of these activities as well. Therefore,
we coded for whether any non-IVR activities were controlled between conditions with
coding options of yes and no. If an IVR condition did not have non-IVR activities, the
comparison was coded not relevant. In the event that an IVR or conventional condition
was not well operationalized and we could not determine if there were any activities
that occurred outside of IVR, the comparison was coded difficult to determine.

Category 9: Did Both Conditions Receive the Same Amount of Practice with the
Dependent Measure? Receiving multiple opportunities to retrieve information from
memory can be an effective way to improve students’ retention of content (Roedi-
ger & Karpicke, 2006). As such, we coded for whether students in both conditions
received the same amount of practice with the dependent measure (such as com-
pleting a procedural task similar to the one on the posttest or completing multiple-
choice practice questions and then taking a multiple-choice posttest). The options
were yes and no. In the event that the IVR and/or conventional condition was not
well operationalized and we could not determine whether students in one condition
receive more practice with the dependent measure than their peers in the other con-
dition, the comparison was coded difficult to determine.

Category 10: Was the Time Spent Learning the Content Controlled Between Condi-
tions? Different interventions may be afforded more time for students to engage
with the content, leading to an issue surrounding whether it was the independent
variable (i.e., particular teaching approach) that led to differences in student perfor-
mance or a difference in time-on-task/the exposure to the content (Mason & Smith,
2020) or lesson efficiency due to more design effort given to one condition (Clark,
1983). To combat this potential confound, it is important to hold time spent learning
in an experiment constant, meaning that both groups should be given the same or
similar amount of time to learn the material. We therefore coded for whether stu-
dents in the conditions compared in each study received the same amount of time to
learn the content, within a range of 20% difference in time, with the options being
yes and no. In some cases, if it was difficult to determine a strong “yes” or “no” due
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to the comparison presenting ranges of times that learners could spend learning in
either condition, the comparison was coded likely yes or likely no depending on if
the range of times overlapped. Finally, if the authors did not provide a time range
or specific duration of the lessons in the IVR and/or conventional condition and we
could not determine if the time spent learning was controlled between conditions,
the comparison was coded difficult to determine.

Category 11: Was the Content of the Lesson Matched? Lessons taught in the IVR
condition and conventional condition should be matched on content (i.e., involve
teaching the same concepts and general information) to ensure valid comparisons
can be made. Although the degree to which the lessons were matched on content
varies on a continuous scale, for the purposes of this review, the content was either
deemed the same (with a code of yes) or different (with a code of no) between con-
ditions. Examples of matched content could include statements such as “Concepts
covered in the VR work were identical to those covered in each of the other con-
ditions” (see Lamb et al., 2018, p. 21) or information that discussed consistency
across conditions (see paragraph with heading “Consistency Across Conditions” in
Petersen et al., 2022, p. 10). A no code would be given if there were differences in
the topics/concepts/procedures presented in the lesson that could be identified based
on the lesson or content description or if content differences were acknowledged.
When details about the lesson involved in the IVR and/or conventional condition
were not provided or an explicit statement that the content was identical were not
made and we could not determine if the content was matched between conditions,
the comparison was coded difficult to determine.

Category 12: What is the Degree of Control Across Five Control Criteria? To deter-
mine the degree to which the IVR and conventional conditions were controlled on
instructional method and content in each article, five control criteria were assessed.
Definitions of these criteria as well as examples of adherences to and violations of
each criterion are shown in Table 3. These five control criteria were as follows:

1. Any activities involved in the lesson needed to be matched between the condi-
tions (category 7). Code options for the question “were the conditions controlled
on whether the lessons included participatory activities?” were yes, likely yes,
no, likely no, and difficult to determine. The codes yes and likely yes counted as
meeting this criterion.

2. Activities that were completed outside of IVR needed to be matched between
conditions to isolate the effects of the immersive technology (category 8). Code
options for the question “were the conditions controlled on any activities that
occurred outside IVR?” were yes, no, not relevant, and difficult to determine. The
codes yes and not relevant were counted as meeting this criterion.

3. Practice with the dependent measure needed to be matched between conditions
(category 9). Code options for the question “did both conditions receive the same
amount of practice with the dependent measure?” were yes, no, and difficult to
determine. The code yes was counted as meeting this criterion.
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4. The time spent learning the material needed to be matched between conditions
(category 10). Code options for the question “was the time spent learning the
content controlled between conditions?” were yes, likely yes, no, likely no, and
difficult to determine. The codes yes and likely yes were counted as meeting this
criterion.

5. The content of the lessons needed to be matched (category 11). Code options for
the question “was the content of the lesson matched?” were yes, no, and difficult
to determine. The code yes was counted as meeting this criterion.

To determine the degree of control between IVR and conventional conditions in
each article, we took two approaches. The first approach was to count how many
of the five criteria were explicitly met. Across all conditions, no, likely no, and dif-
ficult to determine codes were counted as not meeting the control across all control
criteria. If all five criteria were met, the comparison was deemed “fully controlled.”
If four criteria were met, the comparison was deemed “mostly controlled.” If three
criteria were met, the comparison was deemed “somewhat controlled.” If two cri-
teria were met, the comparison was deemed “somewhat not controlled.” If one cri-
terion was met, the comparison was deemed “mostly not controlled.” If zero of the
five criteria were met, the comparison was deemed “fully not controlled.” See the
top half of Table 4 for an example of how the degree of control was assigned for
this first approach.

The second approach was identical to the first approach but with one differ-
ence. In this approach, difficult to determine codes were no longer counted as not
meeting a criterion; rather, if a comparison was assigned this code for any of the
five criteria, the comparison was labeled “degree of control difficult to determine.”
The purpose of this approach was twofold. First, if a criterion was actually met but
this information had not been presented clearly (or at all) in the article to be coded
as such, the comparison would not be not penalized. Second, this approach would
afford insight into the number of comparisons that were affected by a lack of infor-
mation provided in an article for at least one of the five criteria. See the bottom
half of Table 4 for an example of how the degree of control was assigned for this
second approach.

Research Question 2: When Looking at Different Study Outcomes, How Confounded
Are The Comparisons Between IVR and Conventional Conditions?

To determine how confounded the comparisons were between IVR and conven-
tional conditions when looking at different study outcomes, each comparison was
examined across the five control criteria to determine if at least one of these crite-
ria was explicitly not met (codes of no or likely no). If at least one control criterion
was not met, regardless of whether another criterion was determined to be difficult
to determine, the comparison was deemed “confounded.” If a comparison did not
explicitly fail on any criterion but had at least one difficult to determine code, it
was deemed “confounding difficult to determine.” Finally, if a comparison explic-
itly met all five criteria (codes of yes, likely yes, or not relevant), it was deemed
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“not confounded.” These grouping of comparisons were then compared against
category 6 (i.e., learning outcome results) for an examination of how confounded
the comparisons were when looking at different study outcomes. See Table 5 for
an example of how comparisons were determined to be confounded or not.

Interrater Agreement

There were two rounds of coding. In the first round, comparisons were coded
according to categories 1, 2, 5, 8—11, S1, and S2. The third, fourth, fifth, sixth, and
seventh authors each received a random number of articles to code across these
categories. The co-first authors double coded each article under blinded conditions;
the average agreement level for this first round of coding was 76.65%. Both co-first
authors reviewed and resolved all discrepancies. With interrater agreement being
lower than initially deemed acceptable (80% or higher), an independent research
methodologist (see details on research methodologist in “Acknowledgements” sec-
tion) coded all articles and compared his codes to the codes developed from the
process described above. The average agreement level was 99.23%. The remaining
discrepancies were reviewed and resolved by the co-first authors and the research
methodologist.

To more thoroughly investigate the first research question, a second round of cod-
ing occurred wherein categories 3, 4, 6, 7, 12, and S3 were created and indepen-
dently coded by the co-first authors under blinded conditions. The average agree-
ment level was 90.60%. The remaining discrepancies were reviewed and resolved
by these authors. As interrater agreement was deemed acceptable for this round of
coding, the research methodologist was not brought in for coding of these additional
categories.

Data Analysis

Frequency counts were determined for each code within the different coding cat-
egories. These frequencies were turned into a percentage of comparisons (out of 50)
that received a particular code.

Results
Table 1 shows the number (and percentage) of experimental comparisons falling
into each coding designation for each of the 12 primary coding categories (for a

breakdown of results in the supplementary categories, see Table S1 in supplemental
material). Results for each category follow.
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Foundational Details of IVR and Conventional Conditions in Service to Research
Questions 1 and 2

Category 1: Were All Features of the Conventional Condition Operationally Defined?

The conventional condition had a complete operational definition in fewer than half
of the comparisons (21 or 42.00%), a partial definition in 14 of the comparisons
(28.00%), and no definition in 15 of the comparisons (30.00%). Therefore, 35 of
the comparisons (70.00%) had at least a partial operational definition of the conven-
tional condition.

Category 2: Were All Features of the IVR Condition Operationally Defined?

The IVR condition had a complete operational definition in half of the compari-
sons (25 or 50.00%), a partial definition in 14 of the comparisons (28.00%), and
no definition in 11 of the comparisons (22.00%). Therefore, 39 of the comparisons
(78.00%) had at least a partial operational definition of the IVR condition.

Category 3: Did the Conventional Condition Receive Activities During the Lesson?

The highest percentage of comparisons (23 or 46.00%) involved conventional con-
ditions that did not involve participatory activities, with an additional nine (18.00%)
that likely did not involve activities. Therefore, in 32 of the comparisons (64.00%),
conventional conditions were coded as either no or likely no for involving activi-
ties. In these conditions, 18 were video slideshows/lectures, four were live lectures,
two were lectures (format not specified), four were texts/readings, three were paper
print-outs or images of the lesson, and one was projected diagrams. Only 10 of
the comparisons (20.00%) had conventional conditions where participants received
activities, and there were no comparisons that had these conditions coded as likely
receiving activities. When the activities were explicitly named or described, they
included, for example, self-explanations, lab exercises, item construction (e.g., a
DNA molecule), and worksheets. Finally, in eight of the comparisons (16.00%),
the conventional conditions were not labeled or described well enough to know
whether the lesson involved activities.

Category 4: Did the IVR Condition Receive Activities During the Lesson?

Unlike the conventional conditions, half of the comparisons (25 or 50.00%) involved
IVR conditions that did involve participatory activities. When the activities were
explicitly named/described, they included, for example, self-explanations, lab exer-
cises, practice multiple-choice questions, class discussion, and worksheets. Approxi-
mately one-third of the comparisons (16 or 32.00%) had IVR conditions in which
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participants did not receive activities. In these conditions, 10 involved a passive,
narrative tour through the lesson or a virtual lecture, and six had an added compo-
nent where participants were able to interact with the virtual world given the immer-
sion specifically afforded by IVR technology. These hands-on experiences were not
specific activities to practice the content but did allow participants interact with the
lesson using the IVR technology. For example, in Parong and Mayer (2020), partici-
pants could touch and move red blood cells that they encountered during the nar-
rated tour of the parts and functions of a blood vessel and cell. Finally, in nine of the
comparisons (18.00%), the IVR conditions were not described well enough to know
whether the lesson involved activities.

Category 5: Did the IVR Condition Involve Non-IVR Activities?

Four of the IVR conditions (8.00%) involved activities that were completed outside
of IVR. These included completing a worksheet, manipulating physical tools during
a real-life task, engaging in a class discussion, and responding to questions asked by
experimenter (i.e., providing oral self-explanations). Forty-two of the IVR condi-
tions (84.00%) did not involve non-IVR activities, and four (8.00%) were difficult to
determine for this category.

Category 6: What Were the Learning Outcome Results of the Comparisons?

In 12 of the comparisons (24.00%), the IVR condition was found to be statistically
significantly better than the conventional condition. Only one comparison (2.00%)
resulted in the conventional condition having statistically significantly better learn-
ing outcomes than the IVR condition. The most common outcome (27 or 54.00%)
was the conditions resulting in non-statistically significant learning differences
(i.e., they “tied”). The results were mixed for seven of the comparisons (14.00%)
with different outcomes depending on which of the dependent learning measures
were examined. Finally, the results were inconclusive in three of the comparisons
(6.00%). Overall, there was not strong evidence that IVR was more or less effective
than traditional media in promoting learning of STEM content.

Research Question 1: Are the Instructional Conditions in IVR Comparison Studies
Controlled on Instructional Method and Content?

Category 7: Were the Conditions Controlled on Whether the Lessons Included
Activities?

In 13 of the comparisons (26.00%), there was not enough information provided in
the article to determine if the conditions were controlled on participatory activi-
ties. For those articles that did provide enough information: over one-third of all
comparisons (18 or 36.00%) involved IVR and conventional conditions that were
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controlled on activities, with an additional two comparisons (4.00%) demonstrating
that this variable was likely controlled between conditions (total: 20 or 40.00%).
The percentage of comparisons where the involvement of activities was not con-
trolled between conditions was 14 (28.00%), with an additional three comparisons
(6.00%) demonstrating that activities were likely not controlled between conditions
(total: 17 or 34.00%).

For the 17 comparisons where activities were not controlled (or likely not con-
trolled) between conditions, the IVR condition seemed to provide an advantage in
terms of learning in 14 of them. These advantages consisted of the IVR condition
having learning activities when the conventional condition did not (11 of the 14)
and the IVR condition having a confound in the activity that seemed to favor it over
the conventional condition (three of the 14). For example, in Lamb et al. (2018),
participants in the IVR condition had to correctly complete each component of the
DNA activity before they could progress but their peers in the conventional, hands-
on activity condition did not receive this type of mastery criterion/feedback during
their DNA activity.

The IVR condition did not seem to have an advantage in terms of learning in
three of these 17 comparisons where activities were not controlled. In these three
comparisons, there was a confound related to the activities that was difficult to
determine whether it gave one of the two conditions an advantage over the other.
For example, in Dunnagan et al. (2020), the participants in the conventional condi-
tion worked in groups of two on the lab exercise whereas their peers in the IVR
condition worked one-on-one with a virtual teaching assistant (TA) who provided
assistance as needed. It is difficult to say whether working alone with TA support
or working as a group provided a potential learning advantage to one condition
versus another. However, this difference could introduce a confound and create an
advantage for one group over another. Similarly, in Petersen et al. (2022), partici-
pants in the conventional condition worked with small groups during the lesson
whereas those in the IVR condition participated in the simulation individually and
did not interact with peers. It is also difficult to say whether the individualized VR
instruction was more or less advantageous than the interaction with group mem-
bers afforded in the conventional condition; this methodological difference created
a confound nonetheless (a limitation noted in their article).

Category 8: Were Any Non-IVR Activities Controlled Between Conditions?

In 42 of the comparisons (84.00%), the IVR condition did not have non-IVR activi-
ties and was given a not relevant code. Four of the comparisons (8.00%) involved at
least one condition that was not described well enough to know if conditions were
controlled on non-IVR activities. In three comparisons (6.00%), non-IVR activities
were controlled between conditions. Finally, one comparison (2.00%) did not pro-
vide the conventional condition with the same kinds of activities that IVR partici-
pants completed outside of IVR.
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Category 9: Did Both Conditions Receive the Same Amount of Practice
with the Dependent Measure?

In the majority of comparisons (32 or 64.00%), both conditions were given the same
amount of practice with the dependent measure. However, in six of the comparisons
(12.00%), one condition was given more practice with the dependent measure than the
other condition. Interestingly, it was always the IVR condition that received more practice
with the dependent measure than the conventional condition. In 12 of the comparisons
(24.00%), the description of the conditions was too ambiguous to determine whether both
conditions received the same amount of practice with the dependent measure.

Category 10: Was the Time Spent Learning the Content Controlled Between
Conditions?

Over half of the comparisons (28 or 56.00%) did demonstrate that the time spent with
the learning materials was controlled between conditions, with one additional comparison
(2.00%) coded as a “likely yes” for time being controlled. There were no comparisons
where the time spent with the learning materials was not controlled between conditions;
however, seven of the comparisons (14.00%) were coded as a likely no for time being
controlled. Finally, 14 of the comparisons (28.00%) did not include a specification as to
the length of time spent with the learning material across both conditions.

Category 11: Was the Content of the Lesson Matched?

The content was matched in 33 (66.00%) of the comparisons. However, 16 of the
comparisons (32.00%) did not involve enough information to determine if the content
taught was the same between the two conditions. There was only one comparison
(2.00%) in which the content was not matched between the IVR and conventional
conditions.

Category 12: What is the Degree of Control Across Five Control Criteria?

As previously discussed, there were two approaches to our examination of the degree
of control across the five control criteria. In the first approach, difficult to determine
codes were counted as not meeting the criterion. In the second approach, difficult to
determine codes for any of the criteria led the comparison to be counted as degree
of control difficult to determine. Figure 2 shows the number of comparisons that fit
within each degree of control for the first approach, and Fig. 3 shows the number
of comparisons that fit within each degree of control for the second approach. The
results of each approach are presented below.

Approach 1 For the degree of control across comparisons, 13 (26.00%) were fully
controlled, 11 (22.00%) were mostly controlled, eight (16.00%) were somewhat
controlled comparisons, 10 (20.00%) somewhat not controlled comparisons, six
(12.00%) were mostly not controlled, and two (4.00%) were fully not controlled.
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Approach 2 For the degree of control across comparisons, 13 (26.00%) were fully
controlled, six (12.00%) were mostly controlled, one (2.00%) was somewhat con-
trolled, three (6.00%) were somewhat not controlled, zero (0.00%) were mostly not
controlled, and zero (0.00%) were fully not controlled. Finally, the number of degree
of control difficult to determine comparisons was 27 (54.00%).

Research Question 2: When Looking at Different Study Outcomes, How
Confounded Are The Comparisons Between IVR and Conventional Conditions?

As previously stated in the “Method” section, for the purposes of answering research
question 2, a comparison needed to explicitly fail on at least one of the five criteria to be
deemed “confounded.” There were 20 (40.00%) confounded comparisons in total. How
confounded the comparisons were between IVR and conventional conditions when
looking at different study outcomes are presented below and shown in Fig. 4.
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Fig.4 Breakdown of study outcomes based on whether comparison is confounded

IVR better: For those 12 comparisons where the IVR condition resulted in sta-
tistically significantly better learning across all measures, five (41.67%) were con-
founded, one (8.33%) was not confounded, and six (50.00%) were difficult to deter-
mine as to whether they were confounded. Conventional better: There was only one
comparison where the conventional condition was better across all measures, and
it was confounded. IVR and conventional tied: For those 27 comparisons where
the IVR and conventional conditions tied for all measures (i.e., were not statisti-
cally significantly different on learning outcomes, six (22.22%) were confounded,
11 (40.74%) were not confounded, and 10 (37.04%) were difficult to determine as
to if they were confounded. Mixed: For those seven comparisons where the results
were mixed, six (85.71%) were confounded, one (14.29%) was not confounded, and
zero (0.00%) were difficult to determine as to if they were confounded. Inconclusive:
For those three comparisons where the results were inconclusive (either because no
inferential statistics were reported or the statistics were questionable), two (66.66%)
were confounded, zero (0.00%) were not confounded, and one (33.33%) was difficult
to determine as to if it was confounded.

Overall, we conclude that it is difficult to gather a clear picture of the benefits
or pitfalls of IVR when much of the literature is confounded and/or lacks sufficient
information to determine if the conditions are controlled on instructional methods
and content.

Discussion

The present review was conducted to examine the extent to which the instructional
methods and content were controlled between the instructional conditions in IVR
comparison studies involving STEM content. Given the numerous methodological
problems we identified in the current research base on media comparison studies
involving IVR, our overarching goal is to improve the quality of media comparison
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research in the field of educational psychology and educational technology, with
IVR comparison studies as an example. Results of our critical analysis are discussed
according to the two primary research questions.

Research Question 1: Are the Instructional Conditions in IVR Comparison Studies
Controlled on Instructional Method and Content?

Degree of Control

There were five criteria on which we assessed the degree of control between IVR
and conventional conditions in teaching STEM education. These criteria included
controlling participatory activities, non-IVR activities, practice with the dependent
measure, time spent learning the material, and the content of the lessons. For both
the first and second approach to assessing the degree of control between conditions,
we found that only 26% of comparisons were fully controlled—that is, the majority
of comparisons did not meet all five control criteria. With the first approach where
all five criteria needed to be explicitly met, 32 comparisons (64%) met three or more
of the criteria and 18 comparisons (36%) met two or fewer. Therefore, a high per-
centage of articles had more control issues than not, leading to questions surround-
ing which features of the IVR conditions were attributable to the results of the study.

With the second approach, when any comparison received a difficult to determine
code for one or more of the control criteria, it was labeled degree of control difficult
to determine. With this approach, 20 comparisons (40%) met three or more of the
criteria, three comparisons (6%) met two or fewer, and 27 comparisons (54%) lacked
information for at least one of the criteria to determine the exact degree of control.
This second approach lends insight into the number of comparisons that suffered
from a lack of sufficient detail in the article to determine whether it was fully not
controlled, mostly not controlled, somewhat not controlled, somewhat controlled, or
mostly controlled. We therefore urge researchers to include and journal editors to
require sufficient methodological details in IVR comparison papers.

Overall, the main findings are that just over one-quarter of the IVR comparison
studies we reviewed were fully controlled across all five of our criteria and just over
half lacked sufficient information on at least one of the criteria. We conclude that
much work needs to done to improve the methodological quality and reporting of
media comparison studies involving IVR in STEM disciplines.

Frequent Confounds

When looking within each of the five criteria specifically, the number of compari-
sons that met each control criterion varied substantially. The criterion where issues
were most glaring was whether the use of activities in each condition was held con-
stant. In fewer than half of the 50 comparisons, activities were controlled (or likely
controlled) between conditions whereas approximately one-third of comparisons
were not controlled (or likely not controlled) on this variable. When conditions dif-
fer on the presence or absence of student engagement via participatory activities, the
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instructional methods and instructional media become confounded. These confounds
make it difficult to deduce why one condition outperformed (or did not outperform)
the other. For example, in a study by Makransky et al. (2019), participants in the
IVR condition received voice-over guidance, hands-on tasks, multiple-choice ques-
tions, and feedback (including elaboration) whereas those in the conventional con-
dition (text condition) received a 14-page safety manual without any of these same
instructional methods. Thus, not only did the use of IVR differ between conditions
but so did the instructional methods used in each condition. As such, drawing con-
clusions about the unique benefits that IVR, as compared to conventional instruc-
tional methods, has for teaching STEM content is difficult. As noted in the meta-
analysis by Cromley et al. (2013) and systematic review by Conrad et al. (2024),
virtual reality conditions that included active learning techniques showed stronger
effects on learning than when conditions were more passive. Therefore, it may be
the case that these active learning techniques are the key ingredient for improved
learning, regardless of the media that is used.

It is important to note that any active engagement that was unique to IVR condi-
tions was not considered a confound of participatory activities. For example, allow-
ing participants to touch and move red blood cells that they encountered during a
narrated tour of the parts and functions of a blood vessel and cell in the IVR envi-
ronment (see Parong & Mayer, 2020) was a unique affordance of the medium and
was not counted as a confound. However, active learning strategies, particularly
those that allowed students to practice or further encode the content, which were
not unique to IVR, were problematic in confounding the instructional methods with
the instructional media. Active learning strategies are not a unique feature of IVR
as many conventional learning environments include the same types of strategies
to promote learning (see Freeman et al., 2014; Martella et al., 2023; Stains et al.,
2018 for discussions of the frequency of active learning in conventional STEM
classrooms).

Occasional Confounds

Although not as problematic as the activity confound, there were differences between
conditions on the amount of time participants spent learning the content of the lesson.
We found that more than half of comparisons were controlled (or likely controlled)
on the time spent learning the content whereas 14% were likely not controlled on this
variable. Although the percentage of comparisons that had this confound was on the
lower side, it is unclear how many of the 14 comparisons that did not provide a lesson
duration had an issue with this control criterion. In order to make sound claims about
the benefits of IVR, it is essential that comparison groups receive an equal amount of
time engaging with the content. As such, the presence of this confound is problematic
in that it is difficult to determine if it was the independent variable that caused the
results or a difference in time-on-task, exposure to class content, or lesson efficiency
due to more design effort in one of the conditions.

Another confound that occurred occasionally was related to how much practice
each group received with the dependent measure. We found that in just under two-
thirds of comparisons, both conditions were given the same amount of practice with
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the dependent measure; however, 12% of comparisons were not controlled on this
variable. Interestingly, it was always the IVR condition that received more practice
with the dependent measure than the conventional condition. Although the percent-
age of comparisons that had this confound was on the smaller side, it is unclear
how many of the 12 comparisons that did not provide sufficient information about
what occurred in the conditions had an issue with this control criterion. However,
the mere presence of this confound is problematic in that it provides students with
multiple opportunities to retrieve information from memory or to familiarize them-
selves with the content and format of the test.

Infrequent Confounds

Not matching content between conditions was a confound that was scarcely seen
within the comparisons examined in our review. More specifically, the content of
the lessons was matched in just under two-thirds of the comparisons and was not
matched in only one comparison. Although it is positive that we only found one
instance of content not being matched, there were 16 comparisons that did not
involve enough information to determine if the content taught was the same between
the two conditions. Without specific details provided to ensure both conditions
received identical content, it is difficult to confirm it was not differences in what
students learned that affected the outcome of the study. More specifically, if the IVR
condition is taught different content than the conventional condition, one cannot
make valid comparisons on an assessment of their learning outcomes.

Finally, the majority of IVR conditions did not involve activities that occurred
outside of IVR, meaning that any activity provided to students was conducted within
the IVR environment. However, for those four comparisons that did involve non-
IVR activities in the IVR condition, one did not provide the conventional condition
with the same activities. If an IVR condition includes non-IVR activities and the
conventional condition does not, it becomes difficult to strictly point to the immer-
sive lesson as the causal factor. Although this confound only affected one out of four
comparisons, it was still present in the literature base we reviewed and thus needs to
be considered when designing future research to investigate the use of IVR in STEM
education.

Research Question 2: When Looking at Different Study Outcomes, How
Confounded Are The Comparisons Between IVR and Conventional Conditions?

When looking at the outcomes of the articles included in our systematic review, the
IVR condition was most often found to be better for student learning when com-
parisons lacked sufficient information to determine if a confound was present or
not (i.e., 50.00% of comparisons where IVR was better). When results were tied
between conditions, the comparisons were most often found to not have a confound
(i.e., 40.74%). In fact, the outcome of IVR and conventional conditions leading to
similar learning was the only outcome in which there were more studies that were
not confounded than were confounded. When results were mixed based on different
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outcomes examined, the comparisons were most often found to be confounded (i.e.,
85.71%). The results seem to suggest that the way in which the conditions have been
designed and the attention given to designing studies without confounds between
conditions may play a role in the outcomes of the studies—a major finding of this
review. However, given that confounds were present across all learning outcomes,
more rigorous, controlled research is needed to shed light on the effectiveness of
IVR as compared to conventional instruction.

Recommendations Moving Forward

Given the common methodological issues identified in our systematic review, we
offer three primary recommendations to researchers with the aim of improving the
value of media comparison research involving IVR and STEM content.

First, we recommend researchers and journal editors ensure the IVR and conven-
tional conditions in each study are well described, with specific methods and pro-
cedures outlined clearly. As demonstrated throughout the findings of this system-
atic review, many articles presented incomplete information concerning the way in
which their conditions were designed and implemented. In fact, only 42% of com-
parisons involved conventional conditions that had a complete operational definition
and only 50% of comparisons involved IVR conditions that had a complete opera-
tional definition. Without detailed knowledge of what occurred in each condition,
it becomes more difficult to determine how well variables were controlled in each
study. By providing more thorough descriptions of the conditions in each experi-
ment and outlining all critical features of each instructional intervention, readers
will be better able to compare between conditions and identify any potential limita-
tions of the study.

Second, researchers need to intentionally design both the IVR and conventional
conditions in media comparison research according to the research question of inter-
est. For example, if the central question of interest is whether immersing students
in a virtual world promotes greater learning, the only difference that should arise
between conditions is immersion. Any other differences between the conditions
(e.g., activities, time on task) would serve as confounds and prevent the research-
ers from drawing conclusions about the use of immersion, specifically, in learning.
Given that research questions about IVR can have real-world implications (e.g., how
content is taught in classrooms), it is imperative to determine the causal factor driv-
ing the results. Due to the fact that researchers, educators, and technology design-
ers read and draw conclusions from research published in education journals, edu-
cational psychology journals, and educational technology journals, authors should
emphasize what can and cannot be drawn from studies conducted in this area, par-
ticularly with an eye towards potential confounds in the research design.

Third, all critical variables outside of the independent variable, such as the ones
presented in this paper, need to be controlled between conditions in order to draw
causal conclusions regarding the impact of a particular medium or instructional
method. Controlling variables is a basic tenant of experimental design but continues
to be a persistent problem present in the media comparison research we reviewed.
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The literature on the use of IVR in STEM education consists of a high percentage
of comparisons between conventional and IVR conditions that are confounded. To
draw conclusions about the unique affordances of IVR in STEM education, stud-
ies need to control and isolate variables such as those evaluated in this paper. This
will allow for a better understanding of when and how IVR can serve as an effective
instructional tool in STEM education and when it cannot.

Limitations

There were three potential limitations to the present review. First, the search strategy
was limited to IVR conditions that were exclusively IVR and conventional condi-
tions that were exclusively non-IVR. The purpose of this decision was to compare
the primary method of teaching new content in IVR versus in another more tradi-
tionally used medium. The results of the present review may differ when the main
learning event(s) takes place in the real-world and IVR is used as an active learn-
ing tool. Second, the search strategy was limited to studies involving STEM con-
tent, and the findings may not generalize to lessons involving non-STEM content.
Third, extensive steps were taken to ensure the accuracy of the coding. Although the
final levels of agreement were at or above 80%, it is possible that other researchers
could code articles differently than the team of the present review. Similarly, other
research teams may believe other criteria are important to include when asking a
similar question. Therefore, the results and conclusions should be interpreted as
based on our assessment of the articles which may or may not be representative of
how other researchers would analyze them.

Conclusion

The media comparison literature involving IVR in STEM education contains a num-
ber of issues that need to be addressed if we are to determine the extent to which
IVR is effective for STEM learning. Consider that just over one-fourth of compari-
sons involved conditions that were deemed “fully controlled” on five control criteria
related to instructional method and content, and almost half of all comparisons had
at least one confound related to the instructional methods and content. When con-
founded, IVR conditions were more likely to involve activities than the conventional
condition and involve more practice with the dependent measure(s), presenting a
potential confound(s) between the medium and the methods. Finally, a major con-
cern of the reviewed literature base was that many articles did not present enough
relevant information to determine whether conditions were controlled on critical
variables. The present review suggests that future research should carefully address
issues related to the design of conventional and IVR conditions in media compari-
son studies to gain a better understanding of the effects of different IVR and conven-
tional interventions and move toward being able to provide more practical imple-
mentation recommendations.
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