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Abstract—Technology has become an essential part of our
everyday life, and its use in educational environments keeps
growing. In addition, games are one of the most popular activities
across cultures and ages, and there is ample evidence that
supports the benefits of using games for assessment. This field
is commonly known as game-based assessment (GBA), which
refers to the use of games to assess learners’ competencies,
skills, or knowledge. This paper analyzes the current status
of the GBA field by performing the first systematic literature
review on empirical GBA studies. It is based on 65 research
papers that used digital GBAs to determine: (1) the context
where the study has been applied; (2) the primary purpose;
(3) the domain of the game used; (4) game/tool availability; (5)
the size of the data sample; (6) the computational methods and
algorithms applied; (7) the targeted stakeholders of the study;
and (8) what limitations and challenges are reported by authors.
Based on the categories established and our analysis, the findings
suggest that GBAs are mainly used in K-16 education and for
assessment purposes, and that most GBAs focus on assessing
STEM content, and cognitive and soft skills. Furthermore, the
current limitations indicate that future GBA research would
benefit from the use of bigger data samples and more specialized
algorithms. Based on our results, we discuss current trends in the
field and open challenges (including replication and validation
problems), providing recommendations for the future research
agenda of the GBA field.

Index Terms—Game-based assessment, educational technology,
game-based learning

I. INTRODUCTION

ECHNOLOGY is progressively changing the world in

which we live. During the last decade, it has started
to make a significant impact on educational environments,
and increasing evidence has been accumulated showing the
positive impact of technology in education [1]. One of the most
prominent examples of technology in education is the use of
digital games [2]. This type of games has become a significant
part of families and, especially, among young people around
the world. In fact, three-quarters of all U.S. households have at
least one person who plays video games [3], while in Europe,
51% of the population aged 6-61 years play video games (an
average of 8.6 hours/week) [4]. Moreover, many educators see
digital games as powerfully motivating digital environments
because of their potential to enhance student engagement and
motivation in learning [5]. This increasing interest provides
an opportunity to use video games as a tool to improve
learning and education. Specifically, there is much enthusiasm
in the field of education about game-based assessment (GBA)
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because conventional assessment methods do not seem to fully
have the power to measure all aspects of students’ knowledge,
skills, and attributes [6].

Accompanying this explosion in technology use is the
quantity, range and scale of data that can be collected, which
have increased exponentially over the last decade [7]. In
education, the increase in e-learning resources, educational
software like Google Classroom or Kahoot, and the use of the
Internet have created large repositories that provide a goldmine
of educational data that can be explored and used to understand
how students learn [8]. Regarding games, they allow recreating
more authentic situations compared to traditional classroom
activities, such as lectures or written exercises. From these
situations, we can collect a vast amount of detailed data on
students’ interaction with the game, which provides a great
opportunity to make game-based assessments (GBAs) in ways
that are not possible in traditional testing [9].

In the past 10 years, numerous studies (see the work in [10]
for a meta-analysis) have reported that games can be more
effective for learning than other traditional teaching methods.
In addition, when measuring the competencies acquired, most
traditional tests present individual and decontextualized items
to learners, while 2lst-century competencies benefit from
being applied in context for more accurate measurements.
Furthermore, classic assessment often interrupts the learning
process, and it does little to motivate learners [11]. Since
digital games often employ challenging, interesting, and com-
plex problems, they can be used to generate evidence of
21st-century competencies, which are traditionally difficult to
measure using conventional forms of assessment [12]. The
advantages of using games as a form of assessment are
manifold [11], [13], [14]: they are engaging and motivating
(which provides more valid assessments), and they allow us
to create more complex and authentic scenarios required to
assess the application of knowledge and skills. Moreover,
immediate feedback based on learners’ activity can reveal
teachers’ specific areas of difficulty to make learners keep up
with the pace of the class, and such assessment would result in
an adaptive game environment, which changes with learners’
activity.

The implementation of assessment features into game en-
vironments is only in its early stages because it adds a very
time-consuming step to the design process [15]. This situation
calls for a review of the current state of the art in the GBA field
for effective implementations. In this respect, we found some
previous works that performed meta-reviews of the existing
research on the different applications of games in learning
and education. For example, the authors in [16] reviewed
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137 papers to determine what empirical evidence existed con-
cerning the effects of Game-based Learning (GBL) on 21st-
century competencies and identified successful game-design
elements that aligned well with established learning theories.
Moreover, Alonso-Fernandez et al. [17] carried out a review
focused on data science applications to game learning analytics
data, showing that the primary purpose when analyzing data
from serious games was assessment. Furthermore, Gris and
Bengtson [18] aimed to answer how learning, engagement, and
usability of games are evaluated in GBL research. To this aim,
they conducted a systematic review of 91 empirical studies and
categorized their measures and instruments. The researchers
concluded that future research in GBL studies should add
direct assessments and indirect measures to assess engagement
and usability. Guan et al. [19] provided a systematic review
of 35 experimental studies that substantially integrated gaming
elements in primary school lessons and they noted that gam-
ification was the most frequently used game genre. Finally,
Chen et al. [20] conducted a systematic review of 146 articles
related to GBL in science and mathematics education. These
researchers concluded that GBL is mainly used to increase
learner motivation and engagement and reduce learning anx-
iety. They also revealed that analyzing higher-order thinking
skills (e.g., problem-solving, group collaboration) is one of the
main hot topics in the community.

Despite the previous reviews of the use of games in learning
in education, we have not found any specific study reviewing
literature about GBA. For this reason, the current paper aims
to conduct the first systematic literature review on the appli-
cations of empirical GBA studies and answer some research
questions based on the analysis performed to discover current
trends and open challenges in this area. The results obtained
will provide an overall view of the GBA field, defining its
current status and potential future steps in the research in this
area.

The rest of the paper is organized as follows. Section II
describes the methods, including some terminology clarifi-
cations, the research questions, databases and search terms,
research selection as well as review process. Section III
presents the analysis and synthesis of our results. Then, we
end the paper with a discussion in Section IV and conclusions
in Section V.

II. METHODS

We followed a standard systematic literature review method-
ology, using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [21] as a basis for
conducting our systematic review. First of all, (1) we formu-
lated each research question (RQ). Then, we used (2) a fixed
set of queries on a pre-identified bibliographical database, and
(3) a set of inclusion and exclusion criteria. Next, (4) we
made a full paper review and coding process of the RQs, and,
finally, we carried out (5) a synthesis and analysis. No time
restrictions were set. We can see a flow diagram representing
the different stages of our systematic review (following the
PRISMA template [22]) in Figure 1.

Identification of studies via databases and registers

)

Records identified from Scopus: 94 Records removed before screening

Records identified from the Web of
Science: 65

l

Records screened: 104 —>

}

Reports sought for retrieval: 97  —»

l

Reports assessed for eligibility: 95 —»

Duplicate records removed: 55

Identification

Records excluded: 7

Reports not retrieved: 2

Screening

l Reports excluded

* Not using a digital GBA tool: 5
e Not including empirical results: 25

Studies included in the review: 65

[ Included ] [

Fig. 1: Flow diagram representing the different phases of the
systematic review.

A. Terminology clarifications

In this Section, we present a set of definitions that aim
to clarify the concept of GBA, which is the focus of this
systematic literature review. Firstly, we can define a game
as “a system in which players engage in an artificial conflict,
defined by rules, that results in a quantifiable outcome” [23,
p- 80]. In addition, games also have clearly-defined goals
and obstacles for the player to overcome, providing only
intrinsic rewards (satisfaction for getting the right answer)
[24]. Secondly, GBL can be regarded as an innovative learning
approach where a game is developed to deliver immersive and
attractive learning experiences aiming at particular learning
goals, experiences and results [25]. Thus, GBL uses a game
containing learning content derived from school curricula
or essential life skills to improve the learning experience.
Moreover, GBA is a specific application of games, referring
to a type of assessment that uses players’ interactions with the
game, both digital and non-digital, as a source of evidence to
make meaningful inferences about what players know and can
do (i.e., knowledge, skills), and how individual players interact
with the game as a problem-solving process [15], [26]. Finally,
we have the concept of gamification, which is usually defined
as “the use of game design elements in non-game contexts”
[27, p. 9].

Although GBL and GBA are often confused with gami-
fication and gamified assessment, it is undeniable that some
differences exist between them. While GBL implies the use of
a game developed for learning purposes, gamification utilizes
game elements in non-game contexts, not necessarily using
full games inside the activities [28]. Thus, GBA also implies
the use of a game developed for assessment purposes, using
players’ interaction with the game as a way to obtain evidence
and use this evidence as a form of assessment. Therefore, tools
that use gamified activities to assess students’ knowledge (e.g.,
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Kahoot, Duolingo) use gamified assessments, and cannot be
considered as GBAs. We can also make a clear distinction
between GBA and a simple measurement using games since
GBA is intended for evaluating players’ skills or knowledge
based on their interaction with the game. As Ghergulescu
and Muntean state, “measurement represents the process of
collecting the information needed for assessment” [29, p. 357].
In other words, measurements are used as evidence to make
meaningful inferences about what players know and can
do, while measurements using games do not perform that
evaluation. These are the definitions that we applied as part
of the systematic review screening process to consider a given
paper within the GBA field or not, including or discarding that
study.

B. Research questions

To state each one of the RQs, we analyzed and simplified
the steps in empirical GBA research [30], which can be seen
in Figure 2.

Limitations | Ras

RQ1 RQ2 | RQ3 | RQ4 RQ5 RQ6
Modeling and
Game-based .
Context H Assessment tool r—r Data collection r—r

assessment
Application | rRa7

machinery

|

Fig. 2: A simplified view of the steps in GBA empirical
research.

In this process, we can identify five different stages: (1)
Learning environments, with the context and learners; (2) The
GBA tool that is going to be used in the research; (3) Data
collection, to identify which data has to be collected and how
to store them; (4) Modeling and assessment machinery; and
(5) Educational application, to identify the final objective and
target users. From these stages, we identified the following
RQs, which allow us to understand the open challenges and
current trends in the area:

RQ1.
RQ2.
RQ3.
RQ4.
RQ5.
RQ6.

In what context or environment has GBA been applied?
What is the primary purpose of GBA?

What is the domain of GBA?

Is the game/tool used available to the public?

What is the size of the data sample used in the study?
What computational methods and algorithms have been
applied in the research?

What stakeholder is the intended recipient of the re-
search results?

What limitations and challenges do the authors address?

RQ7.

RQ8.

In addition, Figure 2 also shows the mapping between the
different stages and the RQs identified: RQ1 is based on
the first stage, related to the learning context. Then, RQ2,
RQ3, and RQ4 are based on the second stage, which refers
to the GBA tool used, its primary purpose, the domain and
availability. Next, we wanted to investigate the sample size
(RQ5) which is situated in the data collection stage. Regarding

the modeling and assessment machinery, our objective was to
investigate the computational methods and algorithms applied
in the research (RQ6). RQ7 refers to the application of the re-
search in the desired context, identifying the main stakeholder
of the research. Finally, RQ8 aims to identify the research
limitations at any stage.

C. Databases and search terms

We have queried two databases: Scopus and the Web of
Science since they are the most widely used databases in
different scientific fields and are often used for surveying the
literature [31]. Scopus is the world’s largest citation database
of peer-reviewed research literature, with over 22,000 titles
(including journals, conferences and book series) from more
than 5,000 international publishers, of which 20,000 are peer-
reviewed journals in the scientific, technical, medical, and
social sciences [32]. Moreover, the Web of Science, the second
biggest bibliographic database, can be used to track ideas
going back several decades from almost 1.9 billion cited
references from over 171 million records [33].

To perform the search on both databases, we restricted the
query to title and keywords: 1) we included the term “game-
based assessment” and searched for it within the paper titles; 2)
we included the term “game-based assessment” and searched
for it within the paper keywords. Thus, we used the following
final search query:

(TITLE(“game-based assessment”) OR KEY(“game-based
assessment”)).

The initial selection of studies was retrieved in January
2021, and this query generated 159 initial studies (94 from
Scopus and 65 from the Web of Science).

D. Inclusion/Exclusion criteria

After obtaining the initial collection, we excluded the du-
plicated records from the two databases (55 studies). Then,
we made a first brief review of all papers, comparing them
against the inclusion and exclusion criteria. This first review
was conducted by one of the authors. After the first analyses,
we classified studies as included or excluded, and the coding
results were discussed collaboratively by the three authors in
order to obtain the final set of included and excluded studies
and avoid possible errors. The inclusion/exclusion criteria
followed are described below. Given these criteria, the paper
was included if all of the following conditions were met
(i.e., if one condition was not met, the paper was excluded).
Furthermore, the conditions were applied sequentially, so that
a paper not matching a condition was excluded immediately
from the collection:

o The paper was written in English or Spanish (languages
in which the authors have high proficiency): 0% of the
papers were excluded.

o The paper was fully accessible: 1.9% of the papers were
excluded (2 studies).

e The paper was published in conference proceedings,
journals or edited books/volumes (i.e., book chapter): 0%
of the papers were excluded.
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o The paper was not extended at a later time (i.e., a
conference paper that was later on extended in a journal
paper): 6.9% of the papers were excluded (7 studies).

o The paper used a digital GBA tool: 5.3% of the papers
were excluded (5 studies). See Section II-A above for
relevant definitions.

e The paper included empirical evidence related to the
outcomes of applying the GBA tool: 27.8% of the papers
were excluded (25 studies).

E. Final paper collection

After the first brief review to ensure that every paper met our
inclusion/exclusion criteria, we excluded a total of 39 papers.
Thus, the final paper collection consists of 65 studies.

Figure 3 shows the distribution of papers within the final
collection by publication year. We see an increasing interest in
this particular topic: between the years 2013 and 2016, we only
have 21 (32.3%) published papers that matched our criteria,
while between 2017 and 2020 there are 44 (67.7%) of them.

Number of studies

Year

Fig. 3: Number of selected studies and rate in the collection
per year of publication.

We also collected each paper’s keywords and made a brief
analysis to describe our paper collection. For our analysis,
we excluded the “game-based assessment” keyword since it
was the most common one. The most frequent keywords are
presented in Figure 4. The total sum of keywords is 299 while
there are 201 unique keywords. The average keyword was
found 1.48 times. As we can see, the predominant keywords
strongly focused on games, assessment, and analytics.

F. Review and coding process

In the coding stage, we collected the data of the selected
studies that we consider to be the most valuable to address
the RQs in Section II-B. Based on the aim of the review,
we followed an inductive coding scheme (also called open
coding). This means that the codes created were based on
the qualitative data itself [34]. This is an iterative process
since researchers can add new codes, split an existing code
into two, or compress two existing codes into one as they
continue reviewing data. Specifically, in our analysis, we first
made a brief review of each paper (conducted by one author),
collecting all the necessary information to code each RQ at
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Fig. 4: Distribution of keywords across articles in the final
collection.

once. After that, we followed an iterative process whereby we
continued reviewing the information corresponding to each RQ
sequentially, and unclear results were discussed and contrasted
by the three authors. The full results of the coding process per
paper are available in [35]. In addition, it should be noted that
each paper can fit into more than one of the codes created for
each RQ.

IIT. RESULTS

A. In what context or environment has the GBA been applied?
(RQI)

GBAs can be used in very different environments. Our
analysis reveals that there are three main contexts where GBAs
have been used:

1) K-16 education: some papers use GBAs in K-16
education (e.g., school, university) to support teaching
and learning. More specifically, games are most com-
monly used in middle school and high school (23.1%).
However, games are also used in other K-16 education
environments such as primary school (15.4%) and uni-
versity (10.8%). For example, Di Cerbo et al. [36] used
game data from 751 US middle school players.

2) Medical: games can also be used in medical environ-
ments for different purposes (e.g., rehabilitation). For
example, the authors in [37] examined the feasibility of
administering the GBA in a sample of inpatients with
chronic schizophrenia with low levels of functioning.
Moreover, the authors in [38] aimed to present data
on construct validity, test—retest reliability and feasibil-
ity, measuring motor-cognitive functions in multimor-
bid patients with mild-to-moderate dementia. Regarding
construct validity, the authors tested eight hypotheses
and confirmed seven of them (87.5%), thus indicating
excellent construct validity. Moreover, the authors found
moderate-to-high test—retest reliability (ICC=0.47-0.92).

3) Workforce: another option is the use of games to
assess in professional environments. In this context,
enterprises can use games to evaluate their employees
or provide them with additional feedback. Even now,
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companies can include the use of GBA for the recruit-
ment of staff and the selection process [39]. This idea
is supported by the fact that in-game constructs show
similar relationships with in-game performance to what
the workforce constructs do with job performance [40].

8(12.3%)

11(16.9%) 5(7.7%)

15 Preschool

(23.1%)

1(1.5%)

Middle &
high school

K-16 education

[rimary sohoo] 7

(63.1%)

@her

10 (15.4%) 7(10.8%)

8(12.3%)

Fig. 5: Papers’ category distribution based on RQI.

There are also some studies such as [41] that did not specify
in what context their games were used (11 studies, 16.9%).
We can see the number of papers fitting in each category in
Figure 5. As the figure shows, GBAs are mostly used in K-16
education (41 studies, 63.1%), followed by medical (8
studies, 12.3%) and workforce contexts (5 studies, 7.7%).

B. What is the primary purpose of the GBA research? (RQ2)

In this RQ, we wanted to know what was the main purpose
of each GBA in each study. We coded the papers’ main
purpose into six different categories: GBA evaluation,
study of in-game behaviors, assessment,
interventions, framework proposal and game
design proposal. Next, we describe in detail each one
of these categories.

1) GBA evaluation: in these studies, authors evaluate
the game by checking if it achieves its initial objectives
using some measure to prove that the game or tool is
suitable for an educational environment. In [42], the
authors showed how they applied the methodology for
an assessment game for ICT managers in secondary
vocational education, checking if this assessment was
content-valid compared to a face-to-face assessment.
Moreover, the authors in [43] aimed to investigate
whether it is possible to perform an in-Basket test (which
is widely used by companies and organizations in order
to map employees’ soft skills) online with the same
effect as that of the onsite one.

2) In-game behaviors: in these studies, authors in-
vestigate in-game players’ behaviors (e.g., persistence,

engagement). By identifying these behaviors, we can
group players according to different behaviors or simply
check if a student shows a specific one. For example,
Dicerbo [11] used evidence extracted from log files to
create a measure of persistence. Similarly, Ventura &
Shute [44] also created a measure of persistence, validat-
ing it against another existing measure and concluding
that the GBA predicted students’ learning.

3) Assessment: in these studies, games are used to report
measures that aim to evaluate students. This allows for
improvements in the learning process using this evalu-
ation measure instead of classic evaluation methods or
providing personalized feedback. In their work, Weiner
& Sanchez [45] created an alternative measure using a
virtual reality game that calculated scores to indicate
specific cognitive abilities.

4) Interventions: games can also be used to investi-
gate the effect of some interventions while playing. For
example, we can use feedback messages to notify the
learner with positive (or negative) feedback to observe
how this intervention influences its performance and
behavior. Another typical example is switching the order
of in-game elements or testing different game features.
In [46], the authors used a psychophysiological method-
ology to investigate attention allocation to different
feedback valences (i.e., positive and negative feedback).
With that purpose in mind, they used an eye tracker to
collect accurate information about individuals’ locus of
attention when they process feedback.

5) Framework proposal: in these papers, the authors
propose the design of a new framework to be used
within the context of GBA. We can see an example in
[47], where the authors examined the process of creating
a Bayesian network framework through different tech-
niques (e.g., using correlation matrixes, IRT) to create
scoring models for assessing students.

6) Game design proposal: authors provide a game
design that can be used for assessment purposes. For
example, the authors in [48] show the design of an online
GBA to help students improve their learning outcomes
and promote the development of general and transferable
skills, such as the ability to solve problems in complex
situations, and working under pressure.

Some studies focused on more than one of the categories
described above. For example, Weiner & Sanchez [45] used
a virtual reality game to calculate a score measure for each
student (assessment) and they proved that these calculated
scores are best used by comparing them to classic measures
(GBA evaluation).

We can see the number of papers fitting each category in
Figure 6. GBA evaluation is the most common category
(38 studies, 58.5%), followed by assessment (34 studies,
52.3%) and framework proposal (12 studies, 18.5%).
The less common category is game design proposal,
with only three papers fitting (4.6%). We can conclude that
most papers focused on using games to assess learning, but
they also tried to prove that this assessment was a valid
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measure to be used in real educational contexts.
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Fig. 6: Number of studies and rate in the collection per purpose
of the research. More than one purpose is possible for a given

paper.

C. What is the domain of the GBA? (RQ3)

From reviewing the selected papers, we identify four
major domain categories: STEM, humanities and
social sciences, cognitive and soft skills,
and physiological capacities. As some of the
categories have more than one related area, we also consider
some sub-categories fitting into them. We describe each
domain category below in detail:

1) STEM: in this category, we include papers that are
related to science, technology, engineering
and mathematics. For example, Chiu & Hsieh
[49] showed the different teaching methods of
second-grade elementary students in fraction concepts
(mathematics), while Kim et al. [26] aimed to assess
the understanding of Newton’s three laws of physics
using a two-dimensional physics game.

2) Humanities and social sciences: papers re-
lated to humanities and social science areas (e.g., art,
music, language) fit in this category. As this is a
wide area, we have also defined some sub-categories
to better categorize the papers. These sub-categories are
language, art and history. Studies that do not
fit into one of those three categories are categorized
as other. As an example of the art category, we
highlight the work in [50], where the authors used a
game in which players collect data about the musical
interests of an in-game character and use these data to
make decisions about which artists to sign and what
songs to record. We can see another example (related
to language) in [51], where the researchers described
the design of an argumentative reasoning task within
a scenario-based assessment enhanced with game ele-
ments.

3) Cognitive and soft skills: cognitive skills
are the core skills your brain uses to think, read,

learn, remember, reason, and pay attention [52]. Cog-
nitive skills help to process new information by taking
that information and distributing it into the appropriate
areas in the brain. Developing cognitive skills helps
to complete this process more quickly and efficiently,
helping people to understand and effectively process
new information [53]. Moreover, soft skills are described
as a combination of interpersonal and social skills,
including the ability to communicate, coordinate, work
under pressure, and solve problems [54]. In this cate-
gory, we consider attention, memory, logic and
reasoning, visual processing and speed,
and soft skills. We find papers that have measured
interesting skills, such as [55], which included a series
of reasoning activities to measure argumentation skills
(which is related to logic and reasoning), or
[56], [57], which used GBAs to assess candidates’ soft
skills.

4) Physiological capacities: physiological func-
tional capacity is the ability to perform the physical tasks
of daily life and the ease with which these tasks can be
performed. We could assess daily physical tasks, like
Rodriguez de Pablo et al. [58], who used a set of games
to provide a fast, quantitative and automatic evaluation
of the arm movement function. Furthermore, other works
focused on assessing mental abilities, such as motivating
children with autism to make more eye contact [59].

There are also papers fitting more than one category at
once. For example, in [60], [61], researchers used a GBA
for measuring argumentation and pragmatic skills. This re-
search measured language competencies (which is part of
humanities and social sciences), but it also mea-
sured cognitive and soft skills. We can see the
full tree showing the distribution of studies into categories
and sub-categories in Figure 7.
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2(3.1%) 2 (3.1%)

7 (10.8%) 8 (12.3%)

19 (29.2%)

Mathematics
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5 (7.7%) 1 (1.5%)
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Visual processing and speed
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Fig. 7: Category tree for RQ3.
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The three predominant categories are cognitive and
soft skills (28 studies, 43.1%), STEM (19 studies,
29.2%), and humanities and social sciences (17
studies, 26.2%). Taking a look at each sub-category, we note
that the main area in STEM is science (10 studies, 15.4%).
The main field in cognitive and soft skills is
logic and reasoning, with 17 papers (26.2%), while in
humanities and social sciences, the predominant
sub-category is language, with nine papers (13.8%).

D. Is the game/tool used available to the public? (RQ4)

A critical aspect of research is the availability of the results
obtained to be used by the general public. It is essential
to make tools accessible so that researchers can replicate
experiments and practitioners can use them as part of their
teaching. From our analysis, we find three primary categories:
Currently available, Not available (NA) and
Not specified.

1) Currently available: the game/tool used in the

corresponding research is currently available (using the
web portal specified by the authors) for public use (e.g.,
[62], [63]).

2) Not available: the game/tool used in the research
was presented as initially available in the paper, but
currently, it is no longer accessible based on our attempt
to access the site (e.g., [64]-[66]).

3) Not specified: researchers did not specify the
tool’s availability; it is more than likely that it is not
accessible (e.g., [67]-[69]).
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Frequency

Fig. 8: Number of studies and rate in the collection per
research availability.

Figure 8 shows that most papers (51 studies, 78.5%) did
not specify if the tool is accessible or not. Another minority
of papers (9 studies, 13.8%) offered their tool publicly. The
rest of the studies (five papers, 7.7%) initially offered their
games, but they are currently unavailable. In addition, we did
not find any open-source game across the studies included in
the review.

E. What is the size of the data sample used in the study?
(RQ5)

In this research question, we classify the different data
collections used in the studies based on their data sample size.

Investigating the sample size is relevant since the use of larger
data samples will allow better generalization of the research
results, as well as the possibility of applying more complex
algorithms (e.g., neural networks), which often require large
amounts of data to outperform other models [17]. Although
the sample size can be relevant for some aspects, such as
preventing overfitting in some methods, it is not related to
the study’s rigor (i.e., using a larger sample does not make
a study more rigorous). From the coding process, we present
four categories:

1) Fewer than 50 participants: these papers in-
volved fewer than 50 participants in their empirical
studies. We find studies with small data samples, such
as [70], using data from 30 postgraduate students, or
[71], which used a sample of 20 healthy controls patients
and 18 patients with Alzheimer’s disease to evaluate the
usability of a tool created to assess cognitive functions.

2) Between 50 and 250 participants: these pa-
pers involved between 50 and 250 participants in their
studies. For example, Leonardou et al. [72] used data
from 77 primary school pupils for assessing and im-
proving multiplication skills. We see another example
in [73], which used data from 95 children from the final
year in preschool to measure psychoacoustic thresholds.

3) Between 250 and 500 participants: these
papers involved between 250 and 500 participants in
their studies. For example, Gjicali et al. [74] used data
from 433 students who played a game simulating an
artificial culture with norms embodying two cultural
concepts: hierarchy and collectivism.

4) More than 500 participants: these papers
used data from more than 500 participants in their
research. Hautala et al. [75] used data from 723 students
to investigate reading difficulties, concluding that the
GBA could be successfully used to identify students
with reading difficulties with acceptable reliability
(Cronbach’s alpha 0.93 and 0.87). Some other studies
used a huge sample, such as [12], which used data
from 5,545 students to measure engagement and cluster
students to finally report four different engagement
profiles.

Frequency

Fig. 9: Number of studies and rate in the collection per data
sample size.

Other papers (e.g., [76], [77]) did not specify the data
sample size of the study and we categorize them as NA. Figure
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9 summarizes the results of the data sizes across papers. We
can see that only 16 papers (24.6%) used more than 250
participants in their students, and only nine papers (13.8%)
used data from more than 500 students, meanwhile most of
the papers (58.5%) used data from fewer than 250 participants.
We also see that a significant amount of papers (11 studies,
16.9%) did not specify the data sample size in their studies.

F. What computational methods and algorithms have been
applied in the research? (RQ6)

After exploring the data samples that were retrieved across
papers, our goal was to examine the methods that were
applied for its analysis. We believe that the methods be-
ing applied are crucial, since they are the link between
the evidence generated by learners and the assessment.
Accordingly, we identified five different groups of meth-
ods for analyzing the data: Descriptive statistics,
Machine learning, Knowledge inference, Deep
learning, and Sequence mining. Below is a descrip-
tion of each group in detail:

1) Descriptive statistics: these encompass fur-
ther mathematical analyses covering various meth-
ods, tests, and visualizations. We identified several
papers that applied summary statistics (e.g.,
mean, variances) [78], correlations [79] and
visualizations [80].

2) Machine learning: it is a part of Al and covers

a set of methods that allow systems to learn and
improve from historical data automatically. We noted
that the authors used two significant families of
machine learning methods: supervised learning
and unsupervised learning. Supervised
learning includes techniques such as regression
[81] while unsupervised learning uses other
methods, such as clustering techniques like k-means
[12] or dimensionality reduction techniques like
Principal Component Analysis (PCA) [82].
For example, the authors in [83] developed a game
for evaluating the logic abilities of first-year university
students. They tried to compare the measures obtained
by paper-based tests with those obtained using the game
by conducting a linear regression (which is a supervised
method). The authors concluded that the measures ob-
tained from both methods were not significantly differ-
ent.

3) Knowledge inference: it refers to the acquisition
of new knowledge from existing facts based on certain
rules and constraints. One way of representing these
rules and constraints is through the use of logic rules,
formally known as knowledge representation [84]. Com-
mon knowledge inference methods that several studies
have used are Bayesian networks [85] and fuzzy
cognitive maps [67].

In [86], the researchers proposed a dynamic Bayesian
network modeling approach for measuring student per-
formance from an educational video game. The results
supported the usefulness of Bayesian networks to char-

acterize and accumulate evidence regarding students in
games and related assessment environments.

4) Deep learning: an artificial intelligence function
that imitates the workings of the human brain in pro-
cessing data and creating patterns for decision-making
[87]. An example is the work of Chen et al. [88], who
used Long Short-Term Memory (LSTM), an artificial
recurrent neural network architecture.

5) Sequence mining: the objective of sequence mining
is to unlock useful knowledge hidden in sequence data
[89]. Specifically, Gomez et al. used [90] sequence
mining to identify sequences and errors by transforming
raw data into meaningful sequences that are interpretable
and actionable for teachers.

20 (30.8%) 8 (12.3%)

Supervised learning
Dimensionality reduction

5(7.6%) 1 (1.5%)

1 (1.5%)

1 (1.5%)

Visualizations

24 (36.9%)

[Knowledge inference] [Descripiive sta(istics]

54 (83.1%)

1 (125%) 37 (56.9%)

[Bayesian in'erence] [Summary statis(ics]

5(7.7%) 38 (58.5%)

Fig. 10: Paper distribution based on the methods used.

In Figure 10 we can see the different families of techniques
and the number of papers that used them in their research.
We can see that most papers (83.1%) used descriptive
statistics, and almost none of them used deep
learning (only one paper, 1.5%). We also noted that 83.3%
of the papers that used machine learning techniques
used supervised learning too, specifically, most of
them used different types of regressions.

G. What stakeholder is the intended recipient of the research
results? (RQ7)

A stakeholder is defined as a person with an interest or
concern in something, especially a business [91]. In our study,
we consider the paper’s stakeholder as the person to whom the
results are directed, even though the paper’s contribution might
have other secondary stakeholders. Specifically, we have two
main groups of stakeholders: researchers and the final
user.

1) Researchers: if the paper’s contribution is method-
ological, we expect that the paper’s main stakeholders
will be researchers. For example, Lonergan et al. [92]
created a Paper-based Assessment (PBA) and a GBA in
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order to measure students’ performance, cognitive states
and satisfaction related to both assessment methods. The
authors concluded that smaller versatile GBAs may have
a greater impact on the student’s cognitive capabilities,
and could enhance student performances during, for
example, a final exam or short formative assessments.
Moreover, Tsai et al. [93] proposed an online learning
system using different gaming modes of classic tic-tac-
toe games to explore how different gaming modes and
feedback types in this game-based formative assessment
affect knowledge acquisition effectiveness and percep-
tions of participation.

2) Final user: if the paper’s results are to be used by
final users or are validating the GBA, we consider that
the main stakeholder will be the final user in that context
(e.g., teachers and students). In their work, Ciman et al.
[94] designed a game to support children with cerebral
visual impairment, developing a mobile version of the
game to be used by children easily at home on any
platform. Delcker & Ifenthaler [95] also developed a
mobile app that makes an automated analysis of the
data and provides information about children’s language
skills. Other papers focused on teachers, such as [96],
where the authors used a GBA to develop a set of
visualizations to support teachers in classrooms.

2(3.1%) 29 (44.6%)

(Notavailable] ~ (Researchers]

9
(13.8%)

1(1.5%)

34 (52.3%)

23(35.4%) 4 (6.2%)

Fig. 11: Paper distribution tree based on the main stakeholder.

Figure 11 shows the number of studies that focused their
work on each of the stakeholders. We see that 34 studies
(52.3%) were directed to final users, mainly students.
Moreover, 29 studies (44.6%) focused on researchers as
the main result recipients. Two further studies (e.g., [97]) did
not provide results and we categorized them as NA. Focusing
on studies directed to the final user, we see that the majority
of papers are directed to learners (35.4%) and teachers
(13.8%).

H. What limitations and challenges do the authors address?

(ROS)

Limitations show potential weak points of the study
that researchers usually highlight regarding their work such
as constraints in research design or methodology. We
can group the limitations that the authors faced in the
six following categories: game design, data sample,
methodological, technical, integration and
validation.

1) Game design: an appropriate design of a game is cru-
cial for learners’ assessment since the GBA design must
be adapted based on the constructs that will be evaluated.
It requires a great effort to design a good GBA, aligning
the evidence collected with the final purpose of the
assessment. Designers might have different goals when
developing a GBA [14]: “for game design, engagement;
for instructional design, developing key concepts and
capabilities in the target domain; for assessment design,
evoking evidence of those capabilities for the intended
use case(s).” Moreover, many game design decisions
play a role in what kind of game performance is achieved
and its meaning [98]. Future designers should consider
these concerns to achieve better designs, thus, creating
more engagement and facilitating the development of the
key concepts and capabilities intended for learning.

2) Data sample: data were crucial for our review be-
cause GBA is based on the evidence, stored as data,
generated by the students’ interaction with the games.
We examined each paper and found several limitations
related to data. Jackson et al. [99] reported that they
had a small sample size and that larger sample sizes
would be necessary to detect smaller effects. We see
a similar example in [100], where the authors had a
sample collection of 67 students, but only four of those
67 student samples were used in their empirical study.
The work in [101] described the difficulty of designing a
good data model, as there are usually conflicts between
programmers and assessment designers, usually compli-
cated by constraints related to budgets and schedules.

3) Methodological: this category includes challenges
and limitations related to the methods, algorithms, or
techniques used. For example, Yu et al. [102] wanted
to collect additional data to explore learners’ behavioral
patterns during gameplay. We see another example in
[103] since the authors reported that the assessment
developed in this study only includes a part of number
sense (this term refers to a group of key math abilities),
and, in order to complete the number-sense battery, the
assessment tools for the other components of number
sense are needed to be developed.

4) Technical: itis defined as a challenge involving how
a machine or system works. This could include storage
limitations, computing power, or even limitations related
to sensors used in the study. In [104], the authors pointed
out the necessity of a database (to store information
about students’ achievements), since they could not store
that information, as well as the necessity of an admin-
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istrator module to facilitate developing and modifying
game elements.

5) Integration: incorporating game activities as part of
the curriculum in schools remains limited due to certain
factors such as the schools’ budget or the rigidity of
subjects’ classic curriculum. Halverson & Owen [64]
claimed that if GBAs can show that games can serve
as assessments that generate reliable evidence, we could
then legitimize the potential of games and then break the
social conventions that limit the potential of learning and
assessment technologies in schools.

6) Validation: one of the most significant parts of the
research is the validation of the results. Validation is
intended to ensure that the proposed methods and the
accomplished results proved satisfactory by conducting
empirical experiments. Sanchez & Langer [105] sug-
gested that the games used in their study were entertain-
ment games, and further research could be oriented to
validate their results with games designed for assessment
purposes.
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Fig. 12: Number of papers based on their limitations and
challenges.

Some other studies did not report any challenges or limita-
tions (e.g., [106]). Figure 12 shows that methodological
challenges are the most common ones (34 studies, 52.3%),
followed by data sample limitations (30 studies, 46.2%).
On the other hand, the least frequent limitations are re-
lated to integration (6 studies, 9.2%) and technical
challenges (9 studies, 13.8%).

IV. DISCUSSION

In this section, we first present a summary and discussion of
our main findings. We can also see a summary of these main
findings in Table I. Next, we present a discussion of past and
future challenges regarding games for assessment. Finally, we
address existing limitations in this study and the implications
of our research.

A. Current trends

First of all, we analyzed the contexts where the studies
were applied (RQ1), finding that most of them took place
in K-16 education, especially in high school and
middle school. This is an exciting finding because young
kids and teenagers represent the major force whose 2Ist-
century competencies development will be heavily impacted

Research question | Categories Count | %
Context (RQ1) Formal education 41 63.1%
Medical 8 12.3%
Workplace 5 7.1%
Not Available 11 16.9%
Main Purpose GBA evaluation 38 58.5%
(RQ2) In-game behaviors 8 12.3%
Assessment 34 52.3%
Interventions 7 10.8%
Framework proposal 12 18.5%
Game design proposal 3 4.6%
Domain (RQ3) STEM 19 29.2%
Cognitive and soft skills 28 43.1%
Humanities and social sciences 17 26.2%
Physiological capacities 8 12.3%
Not Available 2 3.1%
Availability (RQ4) | Not specified 51 78.5%
Currently available 9 13.8%
Not available 5 7.7%
Sample Size (RQS) | Fewer than 50 participants 19 29.2%
Between 50 and 250 participants | 19 29.2%
Between 250 and 500 participants | 7 10.8%
More than 500 participants 9 13.8%
Not available 11 16.9%
Algorithms/ Descriptive statistics 54 83.1%
techniques (RQ6) Machine learning 24 36.9%
Deep learning 1 1.5%
Sequence mining 1 1.5%
Knowledge inference 7 10.8%
Not available 8 12.3%
Stakeholder (RQ7) | Researchers 29 44.6%
Final user 34 52.3%
Not available 2 3.1%
Limitations (RQ8) | Technical 9 13.8%
Game design 20 30.8%
Data sample 30 46.2%
Methodological 34 52.3%
Integration 6 9.2%
Validation 24 36.9%
Not available 5 7.7%

TABLE I: Summary of the main findings.

by technology [16], [107]. Moreover, children and adolescents
are an ideal target since the familiarity of these users with
gaming environments and game mechanics facilitates their
interactions with games [17].

Regarding RQ2, we found that the majority of GBA studies
focused on students’ assessment and the validation
of the game or the tool used. This suggests that having
established that games are helpful for other purposes beyond
entertainment, there is an increasing interest in using games as
a natural alternative to classic evaluation methods, validating
and comparing them against those traditional alternatives.
Moreover, the fact that researchers also focused on the val-
idation of the GBA used is a promising finding. Specifically,
Gris and Bengtson [18] pointed out the lack of evidence about
engagement and usability needs, especially with well-assessed
reliability and validity. We also noticed that few studies had
the main purpose of proposing or validating a game design
for assessment. Although many studies proved that GBA
could improve students’ learning outcomes, we should not
forget game design. The literature reveals that game design
is essential, and several distinctive design elements, such as
narrative context, rules, goals, rewards, multi-sensory cues,
and interactivity, seem necessary to stimulate the desired
outcomes [108], [109].
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We also extracted four predominant domains (RQ3) across
studies. A large proportion of the analyzed studies aimed
at practicing and assessing content related to STEM as well
as humanities and social sciences. This is not
surprising since many of the studies took place in schools and
high schools, and the use of games in these contexts is an ideal
opportunity to teach content related to the main subjects at
those ages. Another large number of papers also focused on de-
veloping and measuring cognitive and soft skills.
Using game design as a context to teach higher-order thinking
skills has drawn attention from researchers since schools
usually place heavy emphasis on covering and delivering
content knowledge [110]. Moreover, this could be useful not
only in educational contexts, as we have seen some studies
that measure cognitive skills for medical purposes (e.g.,
rehabilitation) [68], [71]. However, the researchers in [111]
pointed out the lack of research on 21st-century skills such as
creativity and critical thinking.

We discovered that many of the studies had small data
samples (RQS5). Furthermore, a significant part of the studies
did not specify the data sample size used in the experiment.
This is also noticed by the researchers themselves, as nearly
half of the studies reported data sample limitations. Moreover,
apart from collecting the sample size, we also tried to collect
information about the type of data collected. However, almost
no study included information related to the type or format of
the data used.

Across papers, researchers used many different algorithms
and techniques (RQ6) to analyze the data. We classified
them into five categories and found that the most com-
mon ones are descriptive statistics and machine
learning. With that said, we note that the majority of
papers used statistical analyses or basic machine learning
algorithms, and few studies used more complex or advanced
methods, which might be more adequate to model students’
knowledge properly. However, those techniques that are easier
to implement are also the ones chosen more frequently by
researchers. Therefore, more work is needed to develop spe-
cialized GBA methods, that are also affordable to implement.
This could perhaps be done through open-source libraries
and more reproducible research. Moreover, we consider that
making results interpretable is an essential part of the assess-
ment, and one way to reach this interpretability is by using
visualizations. Visualizations are essential components
of research presentation and communication because of their
ability to represent large amounts of data [112] and because it
is easier for the brain to comprehend an image as opposed to
words or numbers [113]. We think this is a promising way to
integrate games in schools, and we realized that studies now
tend to use visualizations to communicate their results (e.g.,
[62], [80D).

Finally, we wish to report the scarce information regarding
games and tools availability (RQ4). The majority of studies
did not provide any information on how to access or use
their tools. In addition, some studies made tools public but
expired, being inaccessible at present. This underscores the
low transference of this research to practice and, thus, we
encourage authors to make their products and results publicly

accessible since we consider that this is an essential part of
this type of research.

B. Open challenges

From our results and previous related reviews, we find some
open challenges in the area that authors usually report. A
description of each of these challenges is found below:

In [114], the authors address the challenge of how to make
appropriate assessments. They noted that pre-test and post-test
measures are a good manner to make an assessment, and they
also recommended unobtrusive ways to collect data, such as
another person taking notes during game-play. In our review,
we noted that, at present, most studies found an appropriate
method to make good assessments using Evidence-centered
Design (ECD) and stealth assessment. ECD framework views
assessment as an evidentiary argument, that is, an argument
from which we observe what students say, do, or make
in a few particular circumstances [115]. Moreover, stealth
assessment represents a unobtrusive, yet powerful process by
which learner performance data are continuously gathered
during playing and learning, and inferences are made about
the level of relevant competencies, maintaining the learners’
flow and engagement [116]. Since ECD and stealth assessment
are two common practices in current research, we could claim
that the objective of making appropriate assessments using
unobtrusive methods has been accomplished.

What data are going to be collected is as important as how
to collect these data, and another present challenge is the
design of games for specific assessment purposes. Akcaoglu
& Koehler [110] indicated that games that present a hidden
questionnaire format do not engage learners, while well-
designed games can engage learners in reflective thinking
[117]. Although we identified a few papers with the main
objective of providing a good game design, many of them
have developed an excellent game for other purposes. Some
examples are [12], [71], and [73]. Future research should focus
on complex game designs rather than the typical simple quiz
design, employing multiple game-design elements such as col-
laboration, role-playing, narrative, exploration and complexity
[16].

An important open challenge at present is replication and
transferring the research to practice. In addition to the findings
in our literature review about the game or tool being unavail-
able in most cases, All et al. [118] mentioned replication issues
with certain studies due to missing information in multiple
areas of the study. It is crucial to provide a detailed description
of the procedure followed to conduct the study. While the
community is currently demanding more standardized open
science practices, this problem is still present currently. Be-
sides, Alonso-Fernandez et al. [17] noted that most papers did
not describe the format in which they collected the data, so
we cannot know if they used a standard or relied on their data
formats, which represent even more replication and reusability
issues. In addition, having open-source games or tools would
be especially helpful for researchers. Unfortunately, we did
not find any available open-source games across the studies.
This problem of missing information is a familiar issue in
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multiple research fields (nearly every field is affected), and it
leads to other problems such as low reproducibility. In fact,
the terms “reproducibility crisis” and “replication crisis” have
gained significant popularity over the last decade [119]. To fix
this issue, the community is demanding more pre-registered
studies, open data, open analyses, and open access publications
[120], and this can be systematized by the guidelines of the
publishers, governments and research communities [121].

Regarding the methods and techniques, we identify the
challenge of implementing learner modeling algorithms. As we
mentioned above, researchers usually use simple techniques
to conduct their studies. In addition to Alonso-Fernandez et
al. [17] noting that limitation, we confirmed it in our results.
In our review, 52.3% of the papers reported methodological
challenges to be addressed in future research, most of them
related to the use of more complex metrics and techniques to
infer new information. It is important to benefit from more ad-
vanced techniques (e.g., knowledge inference techniques, deep
learning techniques) that can allow us to infer more complex
and valuable information from the data collected. However, an
important limitation of many of those advanced techniques is
their low interpretability. Even if visualizations are a promising
way to improve the presentation of results and communication,
they cannot improve the model’s interpretability themselves.
According to the researchers in [122], with machine learning
models being increasingly used, there has been an interest
in developing interpretable models. However, there have been
relatively few experimental studies investigating whether these
models achieve their intended effects. Thus, the development
of new models to provide better interpretability in GBA
environments and their validation is still an open challenge.

We found several studies that described data sample and
validation challenges. Since most evaluations are conducted
with small samples, typically corresponding to one classroom’s
size, these studies present low statistical power, having a
reduced chance of detecting actual effects [123]. Thus, studies
must use larger data samples to improve the results’ gener-
alization and validity. However, collecting large samples of
in-context data is also a cumbersome task. Finally, a few
empirical studies discussed the challenge of implementing
GBA in the classroom, but this is a significant problem.
Many teachers are still unsure about how to integrate game
activities with the regular curriculum, and it is crucial to
provide guidelines that can facilitate teachers to deploy games
in the classroom more easily and flexibly [124].

C. Limitations and implications

This review is mainly limited by the paper selection.
First of all, we have only used the key term ‘“game-based
assessment” to perform our document search, based on the
papers’ keywords and titles. However, other communities
could also be working on games for assessment purposes,
but they might be using slightly different terms to describe
their work. Therefore, those studies might not be included in
our review. Nevertheless, we purposely opted for this term
to analyze the core of GBA while also having a manageable
selection of papers for this study. Furthermore, we focused

our attention on Scopus and the Web of Science, the two
primary academic databases. However, there could be other
peer-reviewed academic papers indexed in different databases,
as well as non-peer-reviewed publications including pre-prints,
technical or white reports that could be missing in our review,
and also non-academic work being conducted in industrial
companies and by practitioners. Regarding the computational
methods and algorithms used, we have identified a set of
categories based on the qualitative review of each selected
paper. However, there might be studies using less quantitative
approaches that might be missing in this review due to the
review methodology itself. Finally, we have based our RQ
generation on a simplified process that involves the general
steps required in GBA projects, but there might be other
potential and valuable RQs about the GBA field missing in
this review.

We found that most studies emphasized GBA implementa-
tion and comparisons between games and classic assessment
methods. More studies are needed to systematically develop
and improve game design, adopting design-based research
methods, as mentioned in [125]. The potential of GBA is
now emerging, coinciding with the rise of big data. Data
mining and visualization techniques on player interaction logs
can provide different stakeholders with valuable insights into
how players interact with the game [126]. The increasing
interest in games as a learning tool also indicates their potential
as actual assessment tools. In our review, we found that
GBAs are not only being used in K-16 education but also
in medical and professional areas, among others. As expected,
the most frequent area where GBAs are being applied is K-16
education since children and adolescents are the leading
groups whose development will be affected by technology.

Despite this dominating use in education, we can see the
great potential that GBAs have in many other contexts. Con-
cerning the professional environment, companies have begun
to include assessment games for the recruitment of staff and
the selection process. This is a relatively new trend due to
certain limitations, such as the cross-domain generalizability
of behaviors between game and workforce contexts, which
needs further research [40]. In medical environments, the use
of GBAs can also be helpful for multiple purposes. Some
examples are the possibility to recreate a virtual environment
with daily life activities, allowing a precise and complete
cognitive evaluation, which can be useful to treat certain dis-
eases such as Alzheimer’s [71] or using games to rehabilitate
children with cerebral visual impairment using an eye-tracker
[94]. Due to the above, we firmly believe that the future of
games for assessment is promising; however, further research
is needed to overcome the existing problems, and increase the
still limited application of games in real-life environments, in
order to start building the classrooms of the future.

V. CONCLUSIONS

Technology is changing and improving every day, and this
is also making a significant impact on educational areas.
Moreover, playing games is one of the most popular ac-
tivities in the world, and the technological revolution that
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we are experiencing allows the implementation of games
as alternative assessment tools in educational environments.
However, previous studies suggest that the use of games also
presents some challenges, such as finding the time for both the
presenter/instructor and student to learn the systems employed,
the financial impact on both parties, and technical limitations
[1], [6]. We can tackle all these challenges by facing current
limitations and revealing the great potential games have for
assessment. This study represents a novel analysis and the
first literature review of the emerging research field of GBA.
Its main purpose was to review empirical studies of digital
GBAs published until 2020. Based on a detailed systematic
review of the 65 selected papers, we concluded that games are
mainly used in K-16 education for assessment and validation
purposes. The domain of the games used is usually related
to STEM and cognitive skills, but other domains emerged
from our analysis, such as social sciences and physiological
capacities. Moreover, we note that, although few GBA studies
had the purpose of proposing an adequate game design for
assessment, most studies used games designed specifically
for assessment purposes, employing complex game-design
elements such as collaboration, narrative, or role-playing. In
addition, we found that most of the studies used small data
samples and simple techniques to process these data and assess
students. Finally, we found that most of the studies do not
provide public access to their tools, or they overlook links
and let them expire over time, which makes it impossible to
reproduce the results or even try their game.

Future work should address the current challenges emerging
from our review, as those are the main barriers to actual
systematic adoption of games for assessment. For example, the
next generation of GBA studies should ensure that enough data
is collected to have meaningful and reliable results since one of
the main limitations of the current research was the size of the
data sample collected. Moreover, they should also address the
game design that will be used for assessment, as many studies
use games designed for other purposes (e.g., entertainment)
and overlook the vital link between the design of a game and
collecting the necessary evidence for the assessment. In that
sense, it would be good to work on conceptual GBA pieces or
frameworks that can provide a set of guidelines for the design.
Moreover, classic performance indicators such as completion
times or scores could still be included in future studies, but
GBA also needs to apply more specific and complex algo-
rithms (e.g. knowledge inference or deep learning techniques)
specifically designed for learner modeling and assessment
purposes. The use of more complex techniques, along with
larger data samples, could substantially improve the reliability
and generalization of the results. We also believe that future
studies should continue exploring the use of visualizations
and dashboards to integrate games in schools, adopting a
more intuitive approach rather than providing teachers with
raw numerical outputs or metrics, which are usually harder
to understand. Teachers should also have a more important
role in future work to address digital and assessment literacy
issues, as well as the potential interpretability and actionability
of GBAs. Finally, there are no theoretical frameworks within
the GBA area (a related one regarding serious games could

be [127]). Considering this lack of theoretical papers focused
on describing GBA foundations, we believe that future work
should address publications with additional content on the
theoretical side.

Therefore, further research is needed to overcome current
limitations and to continue exploring the possibilities of games
as assessment tools in other contexts and environments. Fi-
nally, we encourage authors to document their research in a
reproducible and verifiable way, using beneficial open science
practices by pre-registering their study, sharing data and code
for replication purposes, and if possible open sourcing the
GBA tools with clear descriptions so that they can be used
by interested stakeholders and researchers.
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