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Abstract: The reduced cost of Virtual Reality (VR) technology makes it possible to be used in education. And the virtual
learning scenarios in immersive virtual reality (IVR) contain some kind of gamification in the design aspects. Though some
published reviews mapped the application of IVR in education, reviews about the use of gamification in IVR in education
are still under research. In this review, game elements, game mechanisms, learning performance evaluation, research
design, and methods were extracted from the selected empirical articles from Web of Science, Scopus, and Google Scholar
after rigorous inclusion and exclusion. It found that learning interactions inside the IVR learning scenarios frequently
consisted of interaction with virtual objects or equipment, interaction with avatars (non-Player Characters (NPC)),
interaction with avatars (participant displayed as an avatar), and watching the video in a follow-the-machine view. The
most popular three gamification mechanisms were rewards, challenges, and avatars, while the most common gamification
elements utilized were content unlocking, a point system, task difficulty levels, NPC, an achievement system, role-playing,
and a progress bar. Action error rates and test scores were the popular learning performance measurement metrics. In
general, positive learning performance was more related to the number of game mechanisms rather than the number of
game elements. Gamified IVR programs facilitated learning engagement, learning motivation, collaborative ability,
declarative knowledge learning, and procedural knowledge and skills learning especially for novice trainees. Some high
abstract focus areas like algebra in mathematics might not be suitable for IVR-based instruction even combined with the
use of gamification. Some recommendations and future research directions were given such as how to help integrate
gamified IVR learning materials with normal education or training and how to improve simulator sickness, more attention
to diverse learning performance measurement, collaborative learning in IVR, learning theories or pedagogical strategies
adopted in gamified IVR-based instruction.
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1. Instruction

In the digital age, gamification or games is a buzzword that appears in a bunch of academic disciplines and
industries. In education, serious educational games and serious games are common terms used for the main
purpose of knowledge acquisition and skills development through the design of digital games (Annetta, 2010).
Game-based learning displays a learning environment where a sense of achievement could be satisfied
through problem-solving activities using game content and gameplay to enhance knowledge and skills
acquisition (Qian & Clark, 2016). Compared to serious games and game-based learning which are mostly
represented by some educational game products, gamification is a process of the application of game
elements in a non-game context (Deterding et al., 2010). This review adopted the term gamification because it
is a broader concept utilizing game components and applying them in the real environment (Krath, Schiirmann
& Von Korflesch, 2021).

Much research demonstrated the benefits of gamification in education. For example, a review by Nurtanto et
al. (2021) indicated that gamification produced positive impacts on cognitive, affective, and behavioural
learning outcomes. Meta-analysis of the effects of gamification on behavioural change in the educational
context indicated moderate and positive grand effects sizes of gamification on learning outcomes (Kim &
Castelli, 2021). However, it also attracted controversies and critiques, like loss of performance and gradual loss
of motivation (Toda, Valle & Isotani, 2018). A mixed-method review by Bai, Hew, and Huang (2020) extracted
two reasons why gamification was disliked by some learners including bringing no additional utility and causing
anxiety or jealousy. One variable is the technological delivery of the gamified intervention.

In contrast with desktop VR simulation and conventional lectures, similar learning content delivered through
IVR induced intrinsic motivation and self - efficacy (Makransky, Borre - Gude & Mayer, 2019). The meta-
analysis by Wu, Yu and Gu (2020) observed that IVR using head-mounted displays (HMDs) was more effective
than non-immersive learning approaches. On the other hand, Elford, Lancaster, & Jones (2021) put forward
that to avoid the superficial combination of learning content and gamification, the integration of meaningful
game mechanics relevant to pedagogical objectives was highlighted. Few reviews of the use of gamification
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have been done in the research field of IVR in education. Therefore, to fill this research gap several research
guestions were proposed in this review.

2. Theoretical Background and Research Questions

Generally, gamification includes two aspects, namely game elements and game mechanisms. The major game
elements are achievements, avatars, badges, content unlocking, gifting, leaderboards, levels, points, quests,
teams, and virtual goods (Buckley and Doyle, 2017). Regarding game mechanisms, Werbach and Hunter (2015)
put forward a game elements pyramid to describe how motivation could be triggered by gamification. This
framework consisted of three different levels and the logic behind it was that components generate mechanics
which produce dynamics. Luo (2022) emphasized that the definition of game elements and mechanisms may
explain the various effects of gamification for educational purposes and suggested a redefinition of these two
terms. It means, identifying game elements and mechanism is crucial for the evaluation of learning
performance in gamified learning environments.

Few reviews were found to analyze the impact of gamified IVR programs on learning performance in
education. Loureiro, Bilro and de Aires Angelino (2020) conducted a VR and gamification review in higher
education to present the most important topics. But this review separately searched the terms VR and
gamification, which means it was more likely a combination of two reviews in the marketing or service of
higher education. Pinto et al. (2021) investigated whether gaming strategies in virtual reality benefit the
learning of a second or foreign language. They identified augmented reality as the learning used technology,
and more than half of the selected articles proved the usability of VR technologies with gaming strategies. It
can be concluded that VR esp. IVR technology did not take a major role in this review. There are review articles
on gamification and education, however, there are few on the use of gamification use of IVR in learning. The
picture is even unclear when it comes to the design, implementation, and evaluation of gamified IVR in
education. In addition, based on the systematic review of IVR application by Radianti et al. (2020), the
theoretical application was seldom thought about during the development of educational VR programs for
improving learning effects. Won et al. (2023) pointed out that more attention should be paid to the way the
learning tasks were designed when conducting a review study to the analysis of empirical studies on IVR.
Therefore, several research questions were proposed:

Question 1: What research design and methods were used in gamification research about learning using IVR?

Question 2: What kinds of game elements, game mechanisms, and interaction mechanisms were common in
the learning of using IVR?

Question 3: What are the underlying theoretical models or theories or principles used in gamification research
about learning using IVR?

Question 4: What kind of learning performance appeared in the studies about learning using IVR? How were
these learning performances measured?

Question 5: The relationships between game elements and mechanisms and learning performance?
3. Research Design
3.1 Research Method

Given the design of VR-based teaching would significantly influence the costs and energy invested and the
learning effects produced, a systematic mapping approach to the previous articles by extracting key design
elements, mediating variables, and expected learning performances is important. This review followed the
updated preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines (Page et al.,
2021).

3.2 Review Process and Literature Search Method

Web of Science, Scopus, and google scholar was selected as the search databases because they cover the fields
of social science, information technologies, medicine, and humanities and own a huge amount of data. Other
databases were aware, such as Science Direct and Taylor & Francis, but we expected most of the articles they
own already be part of the databases we chose.
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Regarding our database search, three parts of the search string were identified, gamification, immersive virtual
reality, and education. The details could be found at the link:
https://github.com/wentingsunhu/Gaminification-IVR.git

3.3 Inclusion and Exclusion Criteria

To extract related information, rigorous inclusive and exclusive criteria were set. The details could be found at
the link: https://github.com/wentingsunhu/Gaminification-IVR.git

In total, three databases produced 2253 search results, and 14 were left after scanning the title and abstract,
eligibility assessment, and extracting answers for related research questions. The searching and selecting
process following PRISMA could be found by the link: https://github.com/wentingsunhu/Gaminification-IVR.git

3.4 Data Extracting and Coding

The following key information was extracted from each article: general information, IVR technologies, research
design and methods, underlying theories, learning tasks, learning interaction, adopted gamification elements
and mechanisms, learning performance, and measurement metrics. The related key information was directly
extracted from the selected articles and supplementary materials. The coding schemes of game elements and
game mechanics initially referred to the articles of Buckley and Doyle (2017) and Werbach and Hunter (2015)
and were added other items when other game elements were narrated in the selected articles.

4. Results and Analysis

Some of the coding results of research design, research method, underlying theories, and learning
performance evaluation were summarized below. More details of coding results could be found at the link:
https://github.com/wentingsunhu/Gaminification-IVR.git

4.1 General Information

Nearly 72% of the participants come from university (10 out of 14) and 14% of participants are adult learners
(2 out of 14). One article chose a secondary school, and one chose an elementary school. The most popular
focus areas were engineering (4 out of 14) while the second most popular was biology and medicine (both
were 2 out of 14). Out of 14 articles, 5 articles are part of a normal curriculum or training program and 5 are
not. It was studied that most of the selected studies employed HTC VIVE as their high-end HMDs. Out of 14
papers, 8 were developed by the author team while 3 by collaboration with software development companies,
and 3 articles utilized the commercially available VR software.

4.2 Research Design and Methods (Question 1)

Some important features of research design and methods were summarized in Table 1. 64% of research
utilized quantitative methods and 29% of them used mixed research methods. Among them, descriptive
analysis, ANOVA, t-test, and ANCOVA were frequently used in the quantitative method. Different kinds of
comparison groups could be found in table 1.

Regarding the pre-activities before the intervention, 57% of the experiment provided VR manipulation
training, and 29% of them organized debriefing or discussion about the learning content (Oberdodrfer &
Latoschik (2019), Elford, Lancaster, & Jones (2021), Wee & Lim (2022), Siincksen et al. (2018)). Besides, the
research procedure introduction (Wee & Lim (2022), Sadinka et al. (2018), Ulmer et al. (2022)) and
corresponding lectures before experiments (Yang & Oh (2022), Oberdérfer & Latoschik (2019)) were also seen.

Table 1: Research Design and Methods in Gamified IVR in Education

Research Quantitative methods ANCOVA (Yang & Oh (2022); Wee & Lim
methods (2022); Ou, Liu & Tarng (2021))

ANOVA (Yang & Oh (2022); Oberdbrfer &
Latoschik (2019); Wee & Lim (2022); Ou,
Liu & Tarng (2021))

t-tests (Wee & Lim (2022); Larsen et al.
(2023); Kwon (2019); Ou, Liu & Tarng
(2021))

Chi? test (Palmas et al. (2019))
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Descriptive analysis (Slincksen et al.
(2018); Tan et al. (2022))

Qualitative methods

An experiential qualitative approach of
Interpretative Phenomenological Analysis
(IPA) (SaSinka et al., 2018)

Mixed (besides interview in
qualitative method)

Descriptive analysis (Elford, Lancaster, &
Jones (2021); Chen (2020))

Shapiro-Wilk test (Tsirulnikov et al.
(2023))

Pearson correlation, one-sided Mann-
Whitney U tests (Tsirulnikov et al. (2023))

Comparison
groups

Enhanced IVR group

Kwon (2019)

Simulation group

Yang & Oh (2022); Elford, Lancaster, &
Jones (2021)

AR group

Elford, Lancaster, & Jones (2021)

Non-gamified IVR version group

Oberdorfer & Latoschik (2019); Chen
(2020); Larsen et al. (2023); Ulmer et al.
(2022); Palmas et al. (2019)

A video lecture with a keyboard and
mouse

Wee & Lim (2022)

Desktop VR group

Ou, Liu & Tarng (2021)

Paper-based group

Ulmer et al. (2022)

4.3 VR Learning Scenarios Design (Question 2)

The top 3 learning interactions inside the IVR learning scenarios consisted of interaction with virtual objects or
equipment, interaction with non-player characters avatars (NPC), interaction with Player avatars, and watching
the video in a follow-the-machine view. One thing that needs to be noticed is that this review didn’t consider
the basic interaction within the VR scenarios, like immediate feedback and moving around because almost all

IVR programs own these interaction features.

Various gamification elements were identified from the selected articles. As shown in Table 2, the most
popular three gamification mechanisms were rewards, challenges, and avatars, accounting for 31%, 29%, and
12% respectively while the common gamification elements utilized were content unlocking, a point system,
task difficulty levels, NPC, an achievement system, role-playing and progress bar. 79% of the IVR tasks were
finished by individuals and the rest were finished by a team (Oberdorfer & Latoschik (2019), Elford, Lancaster,

& Jones (2021), Sasinka et al. (2018)).

Table 2: Game Elements and Mechanisms, Interaction Mechanisms in Gamified IVR Educational Programs

Game elements and Challenges
mechanisms

Quests (Yang & Oh (2022)), content
unlocking (Yang & Oh (2022); Elford,
Lancaster, & Jones (2021); Wee & Lim
(2022);Kwon (2019);Tsirulnikov et al.
(2023)), task difficulty level system
(Oberdorfer & Latoschik (2019);Chen
(2020);UImer et al. (2022);Siincksen et
al. (2018)), an escape scenario
(Oberdérfer & Latoschik (2019);0u, Liu &
Tarng (2021))

Rewards

Thumb-up (Yang & Oh (2022)),

congratulation prompt (Ou, Liu & Tarng
(2021)), an achievement system
(Oberdorfer & Latoschik (2019); Wee &
Lim (2022); Kwon (2019)), a badge (Chen
(2020)), trophies (Wee & Lim (2022)), a
point system (Oberdorfer & Latoschik
(2019); Chen (2020);Tsirulnikov et al.
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(2023);UImer et al. (2022);Siincksen et
al. (2018)); particle effect as rewards
(Palmas et al. (2019))

Avatar interaction

NPC (Yang & Oh (2022); Wee & Lim
(2022); Larsen et al. (2023)- avatar
instructor and avatar as patient;Kwon
(2019)); participant avatar (Elford,
Lancaster, & Jones (2021) :Sasinka et al.
(2018))

Feedback in asking for content

A debriefing system (Oberdorfer &
Latoschik (2019)), a small built-in wiki
(Oberdorfer & Latoschik (2019))

Status Progress bar (Chen (2020); Tsirulnikov et
al. (2023); Palmas et al. (2019))

Competition Leaderboard (Chen (2020))

Storyline Narrative context (Wee & Lim (2022))

Role-playing Role-play as a professional human (Kwon
(2019); Tan et al. (2022)), role-play as an
animal (Ou, Liu & Tarng (2021))

View switch Map switch between 2D and 3D (Sasinka

et al. (2018))

VR scenarios interaction

Interaction with avatars (NPC)

Yang & Oh (2022);Larsen et al.
(2023);Kwon (2019)

Interaction with avatars
(participant displayed as an
avatar)

Elford, Lancaster, & Jones (2021);
Sasinka et al. (2018)

Interaction with virtual objects
or equipment

Yang & Oh (2022); Oberdorfer &
Latoschik (2019); Elford, Lancaster, &
Jones (2021); Chen (2020); Wee & Lim
(2022); Larsen et al. (2023); Kwon
(2019); Tsirulnikov et al. (2023); Sasinka
et al. (2018); Ou, Liu & Tarng (2021);
Ulmer et al. (2022); Siincksen et al.
(2018); Palmas et al. (2019)

Watch the video in a Follow-
the-machine view

Tan et al. (2022)

4.4 Underlying Theoretical Models or Theories or Principles (Question 3)

The Underlying Theoretical Models or Theories or Principles mentioned in the selected papers have two parts,
one in VR program design and another in the analysis of the experiments. As illustrated in Table 3, game-
based learning and simulated learning appeared more frequently. Most of the theories only appeared once,
like Gamified Knowledge Encoding model (Yang & Oh (2022)). Only five articles employed theories in their
analysis parts such as Keller’'s ARCS model (1987) (Yang & Oh (2022)), and situated experiential learning
(Elford, Lancaster, & Jones (2021)). Only two of them pointed out that they follow the structure of traditional
class-based learning (Oberdérfer & Latoschik (2019); Larsen et al. (2023)) and two of them emphasized that
they follow the guidelines set by industry or professional associations (Yang & Oh (2022), Sincksen et al.
(2018)).

Table 3: Underlying Theoretical Models or Theories or Principles Used in Gamified IVR Educational Programs

Underlying theories In design part Gamified Knowledge Encoding
model (Yang & Oh (2022));
simulated learning (Yang & Oh
(2022);0u, Liu & Tarng (2021));
escapED framework (Oberdorfer &
Latoschik (2019)); motivation theory
(Chen (2020)), empirical learning

(Kolb,1984) (Kwon (2019)),
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collaborative learning (Sasinka et al.
(2018)), game-based learning (Chen
(2020); Kwon (2019);0u, Liu &
Tarng (2021); Siincksen et al.
(2018); Palmas et al. (2019)), Self
Determination Theory (Ulmer et al.
(2022)), active learning (Tan et al.
(2022))

In analysis part Keller's ARCS model (1987) (Yang &
Oh (2022)); situated experiential
learning (Elford, Lancaster, & Jones
(2021)); embodied cognition theory
(Wee & Lim (2022)), expectancy-
value theory of motivation
(Tsirulnikov et al. (2023)),
Kirkpatrick’s four-level model (Tan et
al. (2022))

4.5 Learning Performance and Evaluation (Question 4)

From the perspective of types of knowledge learning, 57% of the learning tasks belonged to declarative
knowledge learning and the rest were procedural or practical knowledge and skills learning. In terms of the
former, more frequent performance metrics were error rates and completion of tasks or completion time. And
for the latter, test scores especially rating surveys and multiple-choice questions were used more. More
information could be found in Table 4.

For the learning experience, more variables were identified. In positive aspects, representational fidelity,
learning motivation, learning efficacy, perceived usefulness, perceived ease of use, and intention to further use
were common while learning anxiety, mental workload, and simulator sickness appeared more often in
negative aspects.

Table 4: Learning Performance and Evaluation

Learning Practical or procedural Error rates (Chen (2020); Ulmer et al. (2022); Palmas
tasks knowledge and skills et al. (2019))
practice

Completion of tasks or completion time (Chen (2020);
Ulmer et al. (2022); Palmas et al. (2019))

Test score- knowledge correction judgment (Yang &
Oh (2022))

Test score- rating survey (Siincksen et al. (2018))

Test scores- the sum of points (Larsen et al. (2023))

Declarative knowledge Test score-correct rates in paper exams (Oberdorfer &
learning Latoschik (2019))

Completion time (Elford; Lancaster, & Jones (2021))

Test scores-short answers (Wee & Lim (2022))

Test scores-rating survey (Kwon (2019); Tan et al.
(2022))

Test scores-multiple-choice questions (Tsirulnikov et
al. (2023); Ou, Liu & Tarng (2021))

4.6 Relationship between Focus Areas, Gamification Elements and Learning Performance (Question 5)

To better organize the relationships between game elements and learning performance, focus areas were used
to explore the mixed results. In general, gamified IVR program produced positive learning performance in
Engineering. For the programming concepts of comprehension and misconceptions addressed in the study of
Wee & Lim (2022), both video lectures and gamified IVR groups showed a significant increase in declarative
Knowledge learning while the IVR intervention was rated to be more engaging significantly. But both groups
expressed a comparatively high level of frustration and mental load. In assembly, Ulmer et al. (2022)
demonstrated that in the completion of tasks, Gamified-VR-Group had a significantly lower total assembly
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time and fewer errors compared to Non-Gamified-VR-Group. Palmas et al. (2019) observed that the use of
gamification in the conducted VR training simulation particularly benefitted VR novice participants in aspects
of transfer-oriented knowledge learning and practical skills. The IVR scenario about the operation of Powder-
bed binder jetting 3D printing technology in Chen (2020) was the only IVR program users felt confused about
the IVR interaction even after going through the operation tutorial, but the simulation degree of the
prototype’s interactions and visual presentation was given positive responses.

Positive evidence in learning outcomes and experience was also found in the gamified biology IVR program. In
the study by Tsirulnikov et al. (2023), learning motivation, learner engagement, and perceived ease of use
were documented as very positive and participants had increased test scores following the laboratory
simulations. The learning effectiveness and engagement of the HMD VR group were significantly higher than
desktop VR (Ou, Liu & Tarng (2021).

In medicine, the results of Larsen et al. (2023) indicated that the IVR modules had the potential to be adopted
as unsupervised out-of-hospital training for novice trainees while gamified IVR sessions were widely
appreciated as providing a user-friendly and sufficiently realistic training tool with a high educational value for
intraoperative C-arm imaging in Siincksen et al. (2018).

In both gamified geography and chemistry IVR programs, participants demonstrated positive feedback in the
development of communication abilities facilitated by the presence of player avatars (Elford, Lancaster, &
Jones (2021); Sasinka et al. (2018)).

In an elementary science course to explore the Earth and Moon (Kwon, 2019), to provide locomotive and
tactile interactivity indirectly in the Authentic virtual reality (AVR) group, PlayStation 4 (PS4) gamepad was
connected to the HTC VIVE, which means more could be researched in terms of representational fidelity.
Though the same type of HMD was adopted, the AVR group reported a stronger feeling of being in a virtual
space. At the same time, tactile interactivity and experientiality were significantly enhanced. Besides,
simulator sickness in the AVR showed significant relief. Learning performance in the AVR group was
significantly enhanced regarding analysing, evaluating, and creating questions. The gamification mechanisms in
the gamified mathematics IVR program were challenges, rewards, interaction with NPC instructors, and role-
playing.

Though six game elements were identified in the gamified mathematics IVR program, the learning
performance in mathematics seemed not effective (Oberdorfer & Latoschik, 2019). No improvement was
tested in transfer-oriented knowledge learning after the intervention of the IVR session and no difference in
effectiveness and efficiency were drawn.

An outperformance was observed in nursing (Yang & Oh, 2022). Compared to the simulation group declarative
Knowledge learning, Problem-solving ability, learning efficacy, and learning motivation were improved. The
game elements used in this focus area facilitate the interaction between users and NPC patients, virtual
equipment, combining challenges and instant rewards.

5. Discussions and Implications

As to the design part, compared to the number of game elements employed, diverse game mechanisms in the
design of the gamified VR program were more significant. As analysed in part 4.7, the number of game
elements didn’t directly relate to learning performance. One potential explanation may lie in the deep
combination of game mechanisms with learning content.

Though the application area is education, few learning theories or pedagogical strategies were employed
either in the design or analysis of the application of gamified IVR. Like Radianti et al. (2020), this review also
calls for more efforts in proposing a taxonomy of learning theories and other framing factors for educational
VR applications.

Learning performance measurement instruments are necessary to be paid attention. Most of the
measurements of the learning performance were to test whether users can correctly follow or answer the
given procedural tasks or multiple-choice questions without guidance. Error rates and completion of tasks or
completion time frequently were emphasized.

For high mental workload learning materials, how to design learning activities in gamified IVR sessions is still
under-researched. For instance, in the study by Wee & Lim (2022), both the gamified IVR group and video
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lecture group experienced somewhat high levels of mental load. Also, it is also important to discuss similar
questions in some highly abstract learning materials like Algebra (Oberdorfer & Latoschik, 2019).

It seems that collaborative learning in gamified IVR sessions produces a good learning experience. The virtual
collaborative context in the gamified IVR sessions provides shared learning regulation chances for players as
part of their imagination comes to life and becomes collaborative visualization. It could be deduced that more
players’ working memory could be used to deal with tasks, which may be explained by situated learning
theories but realized in a virtual way.

Simulator sickness is a popular topic in VR applications. But this review didn’t recognize serious sicknesses
after the intervention of gamified IVR in spite of the duration of the gamified IVR scope from less than 10 mins
to no time limit. One common thing in all selected papers is the usage of high-end HMDs. So possibly it could
be inferred that the resolution of IVR programs impact simulator sickness.

6. Limitations and Conclusions

For limitation, only gamified IVR application in education was looked at. Many VR serious games or VR
educational games were not selected. They might own a high level of maturity and have been successfully
utilized in education. Then, the small scope of the databases and research methods chosen impacts the
generation of the results of the review. All these factors restrict the validity of our conclusions.

In summary, this review analyzed the common game elements and game mechanisms and their relationships
with learning performance in gamified educational IVR applications. It was observed that the most popular
game mechanisms were rewards, challenges, and avatars, and positive learning performance was more related
to the number of game mechanisms. Meanwhile, diverse learning performance measurements, collaborative
learning in IVR, learning theories or pedagogical strategies adopted in gamified IVR-based instruction were
suggested for further research.
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