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A B S T R A C T

Video games have assumed an important place in our daily lives. This has led to an increasing interest on the
use of games for non-entertainment purposes, introducing the concept of Serious Games (SGs). In particular,
SGs are being explored because of their potential to provide reliable assessments, but also because they can
measure competences that would be difficult to measure using traditional forms of assessment. However, one of
the key issues is that assessment machinery has to be designed specifically for each game, increasing the time
and effort when designing and implementing Game-Based Assessments (GBAs). In this research, we introduce a
novel approach to develop interoperable GBAs by: (1) designing and creating an ontology that can standardize
the GBA area; (2) conducting a validation study on literature metrics to replicate them and designing novel
metrics using data from different SGs; (3) conducting a case study that illustrates how our approach can be
used in a real life scenario with real data. Our results confirm that the designed ontology can be used to
effectively perform GBAs, along with the metrics replicated and designed in the system. We expect our work
to solve the current limitations regarding GBA interoperability, thus allowing the deployment of Game-Based
Assessments as a Service (GBAaaS).
1. Introduction

Nowadays, technology plays a very important role in our life,
making our work much easier and less time consuming. One of the
most prominent examples of technology is the use of digital games
for learning (De Freitas, 2006). In recent years, video games have
assumed an important place in the lives of children and adolescents,
impacting on various aspects of everyday life such as our consumption,
communities, and identity formation (Daniel & Garry, 2018; Gros,
2007). In fact, two thirds of adults and three quarters of kids under
18 play video games weekly, and during the pandemic, 71% of parents
saw video games as a much-needed break for their children (ESA,
2021). While video games are usually associated with entertainment
and leisure, they have recently emerged as powerful tools for learn-
ing and skills development. This has generated an increasing interest
on the use of games in non-entertainment contexts during the last
decade (Susi, Johannesson, & Backlund, 2007). Specifically, the concept
of Serious Games (SGs) was first coined by Abt (1987), and probably
the most common definition is: ‘‘games that do not have entertainment,
enjoyment, or fun as their primary purpose’’ (Laamarti, Eid, & El
Saddik, 2014). SGs are mainly used in education; however, they are
also used in many other domains (Laamarti et al., 2014), including
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training, well-being, advertisement, interpersonal communication, or
assessment, among others.

SGs are increasingly being explored for use as assessment tools
in broad domains, in particular for their potential to provide more
valid assessments compared to traditional assessment approaches, also
providing more meaningful and authentic contexts for assessments
through interactive immersive environments (Kato & de Klerk, 2017).
Specifically, Game-Based Assessment (GBA) is a specific application of
SGs, referring to a type of assessment that uses players’ interactions
with the game as a source of evidence to make meaningful inferences
to reveal knowledge, skills, and attributes of users and students that
are ‘‘invisible’’ or hard to detect when assessed with more traditional
assessment methods (de Klerk & Kato, 2017; Gomez, Ruipérez-Valiente,
& Clemente, 2022). However, some limitations are still present, hinder-
ing the use of GBAs in real world environments. For example, little is
known as to what degree of design complexity is required for meaning-
ful learning to occur, and many games are simple designs targeting low
level literacy and providing drill and practice methods (Qian & Clark,
2016). Moreover, there is a lack of sound empirical evidence on the
effectiveness of GBAs due to different outcome measures for assessing
effectiveness, varying methods of data collection and inconclusive or
difficult to interpret results (All, Castellar, & Van Looy, 2014). Usually,
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data collected from SGs are totally different between them, and there is
no interoperability between different data sets (Serrano-Laguna et al.,
2017). Thus, GBA machinery (including metrics, dashboards, and other
type of analytics) are usually designed for each game separately, which
increases the time and effort needed building each model from scratch.
Since this is one of the key issues open in the area, there is an urgent
need to work on data interoperability in order to re-use assessment
models and machinery from one game to another.

Previous literature has proposed standard data formats, trying to
address these data heterogeneity issues. One example is the work
in Serrano-Laguna et al. (2017), which proposed Experience API (xAPI),
an interaction model to track user activities within learning environ-
ments. However, this and other similar approaches are not supported
by most SGs. Other technologies that can help us to address data
interoperability are Semantic Web technologies. In particular, ontolo-
gies capture knowledge about a certain domain and offer an explicit
common conceptualization on it (Fathy, Gad, & Badr, 2019). Ontologies
are content theories about the classes of individuals, properties of
individuals, and relations between individuals that are possible in a
specified domain of knowledge (Panov, Džeroski, & Soldatova, 2008).
Although the use of games for assessment has enjoyed great popularity
and success in recent years, there is a distinct lack of a generally
accepted framework that would describe and unify the area of GBAs.

In this research, we introduce a new approach that uses ontologies
in order to develop interoperable GBAs, using in-game metrics that
are automatically computed processing the provided data. With that
purpose in mind, we propose the design of a new GBA ontology, and
we validate it using previous GBA metrics present in literature, as well
as new metrics proposed to show the potential that this approach has
to perform interoperable GBAs effectively. To validate our ontology,
we use data from many different SGs, and we present a case study to
demonstrate how this approach could be used in real world situations
and environments. Specifically, we have the following objectives:

1. To develop an ontology that can standardize the GBA area,
creating a common knowledge model that can integrate the log
events from a wide variety of games into our ontology model.

2. To conduct a validation study on previous metrics in literature,
as well as the design and implementation of novel metrics using
data from different SGs, demonstrating and validating that our
approach can effectively perform interoperable GBAs.

3. To conduct a case study that illustrates how our ontology, along
with previous and newly developed metrics, can be used in a
real scenario.

The rest of the paper is structured as follows: Section 2 reviews
ackground literature on SGs and assessment, GBA metrics and models,
nd ontologies. Section 3 describes the methodology followed to con-
uct the research, as well as the games and the data collection used.
ext, Section 4 present the results (including the ontology developed),
set of interoperable in-game metrics, and finally the case study

onducted. Then, we finalize the paper with discussion in Section 5
nd conclusions and future work in Section 6.

. Related work

In this section we present a review of the literature in some areas
hich are related to our work: in Section 2.1 we present literature

elated to serious games and assessment; in Section 2.2 we review
ome GBA and metrics background and previous studies; and finally
n Section 2.3 we review literature related to ontologies and their use
n interoperable environments.
2

2.1. Serious games and GBA

In recent years, many new ways of teaching academic and profes-
sional skills to children and adults have been tested using multimedia
technologies in the form of software products, educational computer
games or video games (Girard, Ecalle, & Magnan, 2013). Reyes-Chua
and Lidawan (2019) reported a summary of benefits of using games
for learning, including increased learner motivation, reduced learn-
ing anxiety, or encouraged creativity and cooperation, among others.
In addition, games can promote user engagement through fantasy,
interactivity, and non-linear narratives in visual and multisensorial
environments that take advantage of advancing technologies (Kato &
de Klerk, 2017).

SGs are being used in many different contexts: in education, interest
in educational games is continuously growing, but their integration in
teaching is still somewhat unexplored area of study (Kangas, Kosk-
inen, & Krokfors, 2017): for instance, some studies have reported
difficulties when obtaining an optimal game design, since it is an
interdisciplinary task, requiring the contribution of experts from many
different areas such as graphic design, product design, programming, or
animation (Theodosiou & Karasavvidis, 2015). Moreover, the strict edu-
cational system and the fact that some teachers refuse the idea of using
‘‘toys’’ in classroom also entails an added challenge when incorporating
games in the classroom (Lee, Luchini, Michael, Norris, & Soloway,
2004). Furthermore, SGs and GBAs have been promoted for use in em-
ployee selection as a potential method to improve the user experience,
and the use of games in the workplace is a growing phenomenon with
SGs being increasingly used as evaluative tools (al Qallawi & Raghavan,
2022). Regarding healthcare, SGs, particularly adventure and shooter
games, already play an important role in education, prevention and
rehabilitation (e.g. to enhance health-related physical activity, improve
sensory–motor coordination, prevent asthma, change nutrition behav-
ior and alleviate diabetes and prevent smoking or HIV) (Wiemeyer &
Kliem, 2012). Concerning employee training, SGs are being used by
corporations of all sizes (Larson, 2020) to train, for example, financial
indicators (Donovan & Lead, 2012) or call center assistants (Hinton,
2016; Mollick & Werbach, 2015).

Games are being explored in particular for their potential for as-
sessment, providing promising possibilities for more valid and reliable
measurement of users’ skills as compared to the traditional methods
of assessment like paper-and-pencil tests or performance-based assess-
ments (de Klerk & Kato, 2017). GBAs can provide more detailed and
reliable information, and the emerging interest in this field reflects the
need for alternative assessment tools to overcome limitations that are
present in classic methods (Bellotti, Kapralos, Lee, Moreno-Ger, & Berta,
2013). In contrast with traditional methods, digital GBA methods have
the following merits: (a) they are fun and can reduce test anxiety; (b)
they allow for recording users’ interactions in detail (i.e., via the accu-
mulation of log data generated by keystrokes and mouse clicks); and
(c) they can be designed to provide real-time learning supports (Shute
& Ventura, 2015). In literature, we can see that previous studies have
integrated GBAs in classrooms in order to assess students’ skills or
knowledge in many different domains: mathematics (Chiu & Hsieh,
2017), art (Basu et al., 2020), language (Song & Sparks, 2019), or
soft skills (Nikolaou, Georgiou, & Kotsasarlidou, 2019) are only a few
examples of knowledge domains where researchers have conducted
studies using games for educational assessment. Apart from education,
we can also find previous literature applying GBA in other different
contexts, such as healthcare (Vallejo et al., 2017) or employee selec-
tion (Georgiou, Gouras, & Nikolaou, 2019). However, the GBA potential
to perform valid assessments is mitigated by the time and effort that
designing these types of assessments require. Therefore, a common
way to conduct GBAs without going through the entire design and
implementation process would alleviate these issues and promote more
assessments using SGs. In our work, we introduce an intermediate layer
that acts as a common knowledge model in order to be used with
different data formats so that GBAs can be performed and visualized
by simply adapting the data available.
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2.2. Game-based assessment models and metrics

Once we have gathered data from users’ interaction with a spe-
cific game, how to perform a valid and reliable assessment? Although
some game and learning analytics can indeed be used in GBAs, they
lack specific metrics and methods that outline their effectiveness. SGs
analytics need to provide (actionable) insights that are of values to
the stakeholders (Loh, Sheng, & Ifenthaler, 2015). In education, new
techniques such as Learning Analytics (LA) are trying to provide insight
about the educational processes and improve the common educational
scenarios benefiting from data-driven approaches (Alonso-Fernández
et al., 2019). Its aim is to understand learners and their environments,
and improve the learning process through analysis of the data collected
from students’ interactions with the learning environment to assess
students, predict future events and act consequently to refine educa-
tional actions (Alonso-Fernandez, Calvo-Morata, Freire, Martinez-Ortiz,
& Fernández-Manjón, 2019; Serrano, Marchiori, del Blanco, Torrente,
& Fernández-Manjón, 2012).

LA and other techniques, such as data mining (and educational
data mining), can be used to fuel the advancement of games re-
search through leveraging the rich data streams enabled by digital
GBAs (Owen & Baker, 2019). These areas are applied to explore models
and techniques for making efficient and effective use of these data:
capturing, tracking, aggregating, analyzing, and visualizing/utilizing
information about users’ interactions with learning content and their
learning progress (Shoukry, 2020). The use of data from games can be
collected while users are playing to analyze not only the impact the
game is making (in their learning), but also the appropriateness of the
game design and its mechanics (Alonso-Fernández et al., 2019).

Gathered data should help get inferences about general traits and
abilities of the learner, his general knowledge state, his situation-
specific state, his behaviors and his outcomes (Shoukry, Göbel, &
Steinmetz, 2014). A frequent approach is to use a set of metrics (or
indicators) calculated from users’ data. In fact, assessment mechanics
help game designers select or design game mechanics that generate
useful game metrics (Plass et al., 2013). Many studies have been using
metrics to measure students’ interaction with educational games, mea-
suring persistence (DiCerbo, 2014) or engagement (Ruiperez-Valiente,
Gaydos, Rosenheck, Kim, & Klopfer, 2020), among others. In a survey
conducted by Gris and Bengtson (2021) on assessment measures in
game-based learning research, 91 studies were analyzed, and results
showed that learning aspects are much more assessed than engagement
and usability features. Moreover, metrics can be used for other purposes
rather than to report users’ knowledge. For example, Martınez, Gómez,
Ruipérez-Valiente, Pérez, and Kim (2020) developed a series of metrics
related to students’ activity (e.g., active time, number of different
events), but also to the difficulty of different levels in the game, so
teachers can adapt their teaching based on these data. Finally, we
can highlight the work by Hamdaoui, Khalidi Idrissi, and Bennani
(2016), who used in-game metrics to define the students’ learning and
playing style, but also to adapt gameplay and learning content based on
those metrics. Although each environment may have specific metrics
some are more common across environments, such as those related to
the activity with numbers of events or active time (Ruipérez-Valiente,
Gomez, Martínez, & Kim, 2021).

In Liu, Kang, Liu, Zou, and Hodson (2017), authors performed a
systematic review on the use of LA for assessment in games, and the
results highlighted the promise of using multiple data sources, as well
as combining emerging techniques such as visualization and tradi-
tional analyses such as statistical and qualitative analyses. When done
correctly, visualization can reveal information otherwise unobtainable
through traditional statistical analysis. Information visualization is a
field of study in its own right and increasingly includes new approaches
to visualize spatial and temporal data for reporting and communication
purposes (Loh & Sheng, 2015). In recent years, several dashboard
3

applications have been developed to support learning or teaching.
Such dashboards provide graphical representations of the current and
historical state of a learner or a course to enable flexible decision
making using visual elements (Podgorelec & Kuhar, 2011; Verbert,
Duval, Klerkx, Govaerts, & Santos, 2013). They allow the data to be
processed so that they can be visualized in a way that enables the
teacher or learner rather than the software to make sense of them,
converting the abstract and complex to the concrete and visible by
amplifying human cognition (Card, 1999; Duval, 2011).

These metrics and visualization systems present in literature are
designed specifically for each game and study, which creates interop-
erability issues. An objective in our research is to review previous GBA
metrics, as well as designing novel interoperable metrics to demonstrate
that is possible to perform GBA with different SGs and data formats.
In addition, our case study also includes an example of how to use
visualizations to graphically represent all these interoperable metrics.

2.3. Interoperability, standards and ontologies in games

While the use of SGs has extended rapidly to a variety of do-
mains, their design, development and later analyses of results re-
mains a challenging individual process for both developers and teach-
ers/trainers (Stãnescu, Stefan, Kravcik, Lim, & Bidarra, 2013). Interop-
erability is a key requirement for organizations regardless of the field
they operate. People, organizations and software systems must com-
municate between and among themselves. However, due to different
needs and background contexts, there can be widely varying viewpoints
and assumptions regarding what is essentially the same subject mat-
ter (Uschold & Gruninger, 1996). The way to address these problems
is to reduce or eliminate conceptual and terminological confusion and
come to a shared understanding. Previous studies have proposed ap-
proaches trying to standardize analytics into games. Alonso-Fernandez,
Calvo, Freire, Martinez-Ortiz, and Fernandez-Manjon (2017) proposed
an interaction model (xAPI) that can be used to describe streams com-
posed of actors performing with actions in a specific context. Each xAPI
statement represents a learning activity and has three main attributes:
an actor, a verb and an object: who did what action, with a target of
the action and certain additional attributes. Moreover, Perez-Colado,
Rotaru, Freire, Martinez-Ortiz, and Fernandez-Manjon (2018) proposed
a method that comprises the specificities of location-based games, as an
extension of the xAPI standard to support location-based SGs.

Another area that could help us to establish a common model
and remove conceptual confusion is the area of ontologies. Ontologies
are often defined as a set of concepts, their definitions and their
inter-relationships about certain domain (Uschold, 1996). In computer
science, the concept ‘‘ontology’’ is interpreted in many different ways
and concrete ontologies can vary in several dimensions, such as degree
of formality, authoritativeness or quality (Happel & Seedorf, 2006).
Researchers in many areas have all recognized the need for ontologies
to clearly define specialized vocabularies for these domains (McDaniel
& Storey, 2019), and nowadays we can see ontology-based applications
in areas as diverse as customer support and engineering of cars (Staab &
Studer, 2010). Several approaches have been proposed for developing
ontologies (Corcho, Fernández-López, & Gómez-Pérez, 2003): following
a bottom-up strategy, on the basis of an application Knowledge Base
(KB); to reuse large ontologies to build domain specific ontologies
and KBs; collaborative construction (agreeing new pieces of knowledge
with the rest of the knowledge architecture, which has been previously
agreed)... However, it is not usually necessary to implement ontologies
manually, as most of the available ontology tools are able to generate
ontologies in many different ontology languages. Although we identi-
fied some studies that have proposed approaches trying to standardize
the use of games for assessment (e.g., Said, Cheniti-Belcadhi, & El
Khayat, 2019 with an ontology for personalization in serious games for
assessment, or Tang & Hanneghan, 2011 with an ontology for serious
game design), we did not found any study trying to standardize the

GBA area using an ontology-based approach.
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As a result of students’ interaction with games, large repositories of
data are generated. When it comes to the relationship between ontolo-
gies and this vast amount of data, data is usually stored in the com-
puter main memory; thus, some problems exist when manipulating a
large amount of ontology-based data (Dehainsala, Pierra, & Bellatreche,
2007). Trying to solve these issues, some studies have incorporated the
use of big data technologies when managing ontology-based data. Some
examples are the use of MongoDB (a NOSQL database) and modular
ontologies (Abbes & Gargouri, 2016), or the use of Spark and Flink
(two data processing frameworks) for the construction of an engine for
scalable processing of large-scale RDF data (Lehmann et al., 2017). In
this research, we plan to go beyond literature, trying to standardize the
GBA area defining a common knowledge model. With this purpose in
mind, we combine the use of ontologies and GBA metrics in order to
address the interoperability issue in this particular area.

3. Methodology

In this section, we present the selection of games and metrics that
have been used for validation, as well as the construction method that
we have followed to build our ontology. In addition, we introduce the
framework where our case study and validation has been conducted.

3.1. Serious games selection

Since we wanted to test our ontology in a real scenario, we se-
lected a set of different SGs within different knowledge domains to
test the interoperability of our approach. Field Day (Field Day Lab,
2022) is a research lab based at the Wisconsin Center for Education
Research at the University of Wisconsin - Madison. Field Day designs
learning games that bring contemporary research to the public, making
their game data available to the public. Exploring this open game
data (Gagnon & Swanson, 2023), we made a selection of SGs that we
use in our study:

• Magnet hunt : a game where learners have to use magnetic waves
to find a set of magnets hidden throughout the yard. This game
addressed the topic of magnetism, a class of physical phenomena
that are mediated by magnetic fields. Moreover, it also addresses
other topics like forces and interactions, magnetic poles, and
magnetic fields.

• Wave combinator : a game where students learn how waves inter-
act using a mysterious wave combinator found in the yard. This
game addresses wave properties, amplitude, offset, wavelength,
frequency, and more topics.

• Crystal cave: a game where students learn all about crystal
molecules and dig up some sweet crystals for their collection in
the museum. This game addresses crystals, geometric arrange-
ment, molecular charges, and molecular stability topics.

• Wind simulator : using this simulator, students learn how wind
travels from high to low pressure systems, but moves in a spiral
due to the coriolis effect. The game addresses concepts related to
earth’s systems, air masses and weather conditions, and weather
patterns.

• Antibiotic resistance: Playing this game, learners will acquire
knowledge about heredity, inheritance, variation of traits, muta-
tion, genes, and antibiotics.

• Earthquake: in this game, students learn about real earthquakes,
with concepts such as earth’s materials and systems, scale propor-
tion and quantity, S waves, P waves and triangulation.

• Nitrogen cycle: learners have to figure out how nitrogen atoms
move around the world to win the game. In this process, they
will learn concepts such as the nitrogen cycle, bacteria digestion,
plant death, plant assimilation, or herbivorism.
4

Table 1
Dataset sizes.

Game Size (MB) # of events # of triples

Magnet 50.8 100,000 1,788,937
Waves 63.0 100,000 1,741,566
Crystal 67.9 100,000 1,724,822
Wind 64.1 100,000 1,646,667
Bacteria 57.1 100,000 1,711,218
Earthquake 44.6 100,000 1,528,762
Nitrogen Cycle 55.2 100,000 1,708,911
Carbon Cycle 52.2 100,000 1,719,099
Shadowspect 44.0 100,000 1,682,333
Lakeland 71,3 100,000 1,821,143

• Carbon cycle: learners have to figure out how carbon atoms move
around the world, mastering the carbon cycle in order to collect
enough carbons to beat the final opponent. Learners will acquire
competences related to the carbon cycle, systems and systems
models, cycle of matter, and energy transfer in ecosystems.

• Shadowspect : a geometry game designed explicitly as a formative
assessment tool to measure math content standards (e.g. visualize
relationships between 2D and 3D objects). It aims to provide
metrics related to geometry content and other behavioral and
cognitive constructs.

• Lakeland: in this strategic building game, learners decide to build
a new town called Lakeland, explore the dynamics of the nutrient
system and recognizing the impact humans have on the world.
The game addresses the Next Generation Science Standards es-
sential practice of Modeling alongside the cross-cutting concepts
of patterns, cause and effect, and systems and system models.

All these games (and their data) can be checked and played in
https://fielddaylab.wisc.edu/opengamedata/. As an example, we can
see two screenshots of two different SGs from this research lab in Fig. 1.
Datasets are usually in TSV format, and, although each dataset has
some specific columns, most of them have columns in common that
are essential in game log data, such as the ‘‘session id’’, ‘‘game id’’,
‘‘timestamp’’, ‘‘game version’’, or ‘‘user id’’. Data format employed in
these datasets has been considered as the base format that is used later
as data input in our experiments.

3.2. Data collection

To test the interoperability of our approach, we used ten data sets
from the SGs presented in Section 3.1. The size of each dataset is
presented in Table 1. As we can see, each one of the datasets contains a
total of 100,000 game events derived from real players’ interaction with
the different games. The number of triples in our experiments varies
from 1,528,762 to 1,821,143, depending on each game.

3.3. Metric selection

In this section, we describe the process followed to select and
develop the set of metrics that are used to perform GBA and test our
approach’s capabilities. We can divide these metrics into two different
subsets: literature metrics, and author proposed metrics. First, we wanted
to demonstrate that our framework can replicate any metric present
in literature. With that purpose in mind, we used the selection of
papers of our previous systematic review on the GBA area (Gomez
et al., 2022), carefully reviewing each paper and selecting the metrics
described. Since our objective was to select metrics in literature, we
excluded calculations over data that included Machine Learning (ML),
Deep Learning (DL) and similar models/algorithms. Second, we wanted
to demonstrate the possibilities that our approach provides creating a
set of metrics that go beyond the state of the art, introducing new ways
to perform GBA using ontology-based data and SparQL queries. To val-
idate that our ontology-driven metrics were correct, we implemented
some of the metrics directly using the collected primary data to check
that results were the same using both approaches.

https://fielddaylab.wisc.edu/opengamedata/
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Fig. 1. Screenshots of two of the SGs selected.
3.4. Ontology development process

In general, methodologies give you set of guidelines of how you
should carry out the activities identified in the ontology develop-
ment process, what kinds of techniques are the most appropriate in
each activity and what products each one produces (Fernández-López,
Gómez-Pérez, & Juristo, 1997). When constructing an ontology, there
are two different methods that we can follow, one is to build a new
domain ontology directly, and the other is to expand an existing domain
ontology. When choosing ontology construction methods, we should
choose the most appropriate method according to the actual situation,
or even integrate the advantages of various methods (Sun, Hu, Li, & Wu,
2020). To the best of our knowledge, there is not an existing ontology
meeting our requirements and that could be used to expand it, so we
decided to built our own ontology from scratch.

For building our ontology, we decided to use Methontology
(Fernández-López et al., 1997), a structured method designed to build
ontologies from scratch, reusing others as they are, or by a process
of re-engineering them. Methontology was stated as the most mature
approach for building ontologies, being recommended by the Founda-
tion for Intelligent Physical Agents (FIPA) for the ontology construction
task (Corcho et al., 2003). In Fig. 2 we can see the complete develop-
ment process that we have followed to build and validate our ontology,
which is an adaptation of the Methontology original methodology and
the one proposed by Olszewska et al. (2020), which is also based on
Methontology. Next, we explain each step in detail.

3.4.1. Pre-development activities
The pre-development activities include planification, the environ-

ment study, and the knowledge acquisition:

• Planification and environment study: this is the first phase of
the process. These activities consisted in identifying the problem
to be solved with the ontology, the applications where the on-
tology will be validated and integrated, and verifying that the
ontology was possible to build, also considering the limitations
of the project (Olszewska et al., 2020).

• Knowledge acquisition: was thought as an independent activ-
ity in the development process. However, it can be conducted
simultaneously with other activities, as most of the acquisition is
done with the requirements specification phase. It deals with the
acquisition of knowledge from experts or other sources, that can
include books, figures, tables, brainstorming techniques, or even
other ontologies, among others.

3.4.2. Development states
The development states constitute the main core of the methodol-

ogy, consisting of:
5

• Specification: the goal of the specification phase is to produce an
informal, semi-formal, or formal ontology specification document
written in natural language, including (a) the purpose of the
ontology, (b) the level of formality of the implemented ontology,
and (c) the scope, using a set of intermediate representations or
competency questions.

• Conceptualization: captures the relevant domain knowledge
building a conceptual model describing the problem and its
solution. The core concept dictionary must meet the require-
ments of being unambiguous while covering the entire domain.
Moreover, we must take into account the concepts’ relationships
and attributes. In this vein, we can build a set of intermediate
representations such as a glossary of terms, a verb dictionary, or
tables of rules and formulas, if needed.

• Integration: it explores the use of other ontologies to speed
up the construction of your ontology, reusing certain terms or
definitions.

• Implementation: in this phase, the formal models built previ-
ously are converted into a computable model. As the ontology
development environment, we decided to use Web-Protégé, a web-
based lightweight ontology editor which combines the Google
Web Toolkit for the user interface, and Protégé for supporting
ontology services. It is open source, and also provides collabo-
rative features to facilitate discussions and annotations between
different contributors (Tudorache, Vendetti, & Noy, 2008).

• Validation in a real scenario: since the main goal of our study
was to perform interoperable GBAs in a real context, this phase
includes the validation of the ontology using a real dataset,
collected as a result of the users’ interaction with different games
that have been used in real life. In this state, we validate the
ontology by trying to represent the information contained in
the dataset and checking if the initial objectives defined are
accomplished.

• Formal evaluation: this stage means to carry out a technical
judgment of the ontology and their software environment with
respect to a frame of reference. The formal evaluation includes
(1) Verification (i.e., the technical process that guarantees the
correctness of an ontology) and (2) Validation (i.e., guarantee
that the ontology and the software environment correspond to
the system that they are supposes to represent). To perform the
verification, we used OOPS! (Ontology Pitfall Scanner!) (Poveda-
Villalón, Gómez-Pérez, & Suárez-Figueroa, 2014), a tool for de-
tecting pitfalls in ontologies, which operates independently of
any ontology development platform and is available online. For
example, OOPS! warns you when the domain or range of a
relationship is defined as the intersection of two or more classes,
or when a cycle between two classes in the hierarchy is included
in the ontology, which could lead to reasoning problems.
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Note that this is an iterative process: after the ontology is initially
onstructed, it can be evaluated and improved. If in the ‘‘Validation
n real scenario’’ stage we discover any type of inconsistency or any
bjective that is being not satisfied, we then go again to the ini-
ial development phases to fix any problem and keep improving the
ntology.

.4.3. Post-development activities
This part of the development is done only when the previous phases

ave been finished. The post-development activities include:

• Documentation: this phase gather all the documents produced
during the previous stages in order to create an appropriate
ontology documentation.

• Maintenance: updates the ontology creating/removing concepts
or relationships, allowing the ontology to evolve based on new
applications that it could have.

• (Re)use: it considers the use of the ontology for the original
purpose, but also the reuse of the developed ontology in other
ontologies and/or applications.

Although these activities are only executed once, the maintenance
nd (re)use phases can be repeated if necessary after the ontology
6

evelopment has been accomplished. a
.5. Framework to support interoperable game-based assessments as a ser-
ice

Once the ontology has been created and validated, we need a
owerful tool capable of integrating our ontology and using ontology-
ased data to develop useful metrics. Consequently, we decided to
se a framework developed to support interoperable Game-based As-
essments as a Service (GBAaaS) (Gomez, Ruipérez-Valiente, & Gar-
ía Clemente, 2023). The complete framework’s architecture in shown
n Fig. 3.

As we can see, the framework uses standard formats for data input
e.g., CSV, TSV), transforming these data into ontology-based data in
esource Description Framework (RDF)/XML format. RDF is a general-
urpose language for representing data and metadata on the web, and it
s supported by its own query language SparQL, enabling the extraction
nd transformation of RDF data (Gandon, Bottollier, Corby, & Durville,
007). In the next step, SANSA framework (Lehmann et al., 2017) is
sed as a base to process these ontology data and infer new information
rom it, as well as perform queries over the inferred data. All metrics
esigned and developed have been implemented in form of SparQL
ueries. Then, thanks to the metric output module, query results can be
xported using several formats, such as plain text or CSV. In addition,
he framework also provides a REST API module, allowing to use it as

n online service. Finally, the authentication and authorization module
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Fig. 3. GBA framework’s architecture.
manage the different roles and authorizations in the system, making
sure that clients making petitions through the API module are properly
logged in and have the right permissions to operate. A comprehensive
description of this framework and its components can be consulted in
our previous work (Gomez et al., 2023).

4. Results

4.1. Proposed ontology

The ontology has been developed following the methodology de-
scribed in Section 3.4. We only include the results derived from
the phases ‘‘Specification’’, ‘‘Conceptualization’’ and ‘‘Implementation’’,
since the rest of activities and phases do not have a specific output.

4.1.1. Specification
This activity produces a specification document as an output. As

stated in our methodology, the specification document must address
the most vital questions related to the domain we are interested in,
the ontology purpose, and its scope. In addition, we have proposed
a set of Competency Questions (CQs), which are the questions that
are later used at the evaluation phase to assure that the ontology is
appropriate for the purpose originally thought. In Table 2 we can see
the specification document proposed for our ontology.
7

4.1.2. Conceptualization
This activity aims to capture the relevant knowledge with a set of

intermediate representations. For our ontology, we built a core concept
dictionary (which includes the main terms and concepts involved in
the GBA domain, along with possible synonyms), a table of attributes
(including the attributes of each concept), and a binary relation table
(which includes the relationships between the different concepts and its
cardinality). In Table 3 we can see the core concept dictionary of our
ontology, including relevant terms such as ‘‘Game’’, ‘‘Game session’’,
‘‘Player’’ or ‘‘Learning outcome’’. Moreover, in Table 4 we can see two
examples of the binary relation table, indicating the source and target
concepts and their cardinality.

4.1.3. Implementation
In this step, we prepared and converted the GBA Ontology into

machine readable format, using an ontology development editor. As we
stated in the methodology, we use Web-Protégé and Protégé as ontology
modeling tools. The classes constructed and their relationships are
shown in Fig. 4.

As we can see, the final ontology model includes the core concepts
previously identified in form of classes, as well as a set of relationships
that aim to represent the links between the different classes. For
example, we see that a user can have a relationship with certain user
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Table 2
The ontology requirements specification document.
Specification Document

Domain Game-based Assessment.
Date Nov, 9th 2021.
Conceptualized by Research author.
Purpose Ontology about game-based assessments

to be used in different contexts and with
different types of data. The ontology
could be used to infer knowledge about
the existing data related to users’
assessment, creating new information
such as the level of the player, or
different play styles.

Level of formality Semi-formal.
Scope Users’ assessment using data from

serious educational games.
Competency questions ∙ How to assess or measure that the required learning objective has been

achieved?
∙ Which users have a specific play style (e.g., persistence)?
∙ Which levels have been completed by a user in a game?
∙ How much time has a user spent playing different games?
∙ How users have interacted with different games?
Fig. 4. GBA Ontology classes and relationships visualized via Protégé Ontograf.
Table 3
Core concept dictionary.

Core concepts and terms

Concept Synonym
Game –
Game event Assessment statement
Game achievement –
Instructional content –
Unit of play Level
Scenario Environment
Instructional content –
Attempt –
Learning outcome Capability
Game session –
User Player
User group Player group
Play style Behavior
External evidence –

Sources of knowledge Nouira, Cheniti-Belcadhi, and Braham
(2018), Plass, Homer, and Kinzer
(2015), Rocha and Zucker (2015), Said
et al. (2019), Tang and Hanneghan
(2011), Yusoff, Crowder, Gilbert, and
Wills (2009)

group, but also with game sessions and play styles. These relationships
contribute to improve the knowledge and they can be used to perform
queries from the ontology with reasoning tasks. For example, they can
be used to ask for the game events that certain user has on certain
8

Table 4
Binary relation table sample.
Binary relation table

Relation name Has
Source concept Game
Source cardinality (1,n)
Target concept Game achievement
Target cardinality (1,n)

Relation name Has
Source concept Game session
Source cardinality (1)
Target concept Attempt
Target cardinality (1,n)

game(s). In order to view the complete ontology, the reader can create a
new account on the Web-Protégé web page, and then use the following
link: https://webprotege.stanford.edu/#projects/d0adbf6c-e703-4f81-
bbfa-9fcd9a974a07/edit/Classes.

4.2. Metric ontology validation

In this Section we aimed to validate the ontology proposed by using
two different groups of metrics: metrics that emerged from previous
literature and newly designed metrics. Finally, we also explain how
these metrics have been implemented in the framework.

https://webprotege.stanford.edu/#projects/d0adbf6c-e703-4f81-bbfa-9fcd9a974a07/edit/Classes
https://webprotege.stanford.edu/#projects/d0adbf6c-e703-4f81-bbfa-9fcd9a974a07/edit/Classes
https://webprotege.stanford.edu/#projects/d0adbf6c-e703-4f81-bbfa-9fcd9a974a07/edit/Classes
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4.2.1. GBA literature metrics
As we stated previously, we did a careful review of the GBA lit-

erature to search and replicate metrics that have been implemented in
previous studies. After reviewing and grouping each metric, we created
six groups:

• Activity indicators: This metric is computed for each game,
group and user, and includes the total amount of time spent in
the game, the total number of events, and the frequency of events
(number of events/total time).

• Persistence indicators: This metric is computed for each game,
group and user, and includes the total amount spent in units
(levels), the number of units completed, and the maximum time
spent in a single unit.

• Event types: This metric is computed for each user and game, and
includes the number of events of each user grouped by event type
(e.g., ‘‘Complete’’, ‘‘Retry’’, ‘‘Interaction’’). In addition, this group
also includes the interaction level, which is defined as interaction
events divided by the sum of the rest of events.

• User performance: This metric is computed for each game, group
and user, and includes the percentage of success (which is defined
as the number of units completed divided by the number of units
started), and the maximum unit reached by the player.

• Levels of activity: This metric is computed for each game, group
and user, and include straightforward metrics to compute based
on a feature engineering process, such as the active time, inactive
time, number of events, and the number of different types of
events.

• Funnel by user: This metric is computed for each game, group
and user, including the percentage of units that the user has
started, the percentage of units that the user has interacted with,
and finally the percentage of units that the user has completed.
This funnel seeks to provide a quick overview of the current status
and progress for each user and game.

These metrics have been implemented in our framework in form of
parQL queries, and they will be used to illustrate how we can use this
pproach in a real scenario. In addition, the granularity of these metrics
an be changed very quickly, being able to aggregate results by whole
roups or even the whole game.

.2.2. Additional metric proposal
Moreover, going beyond this type of operations over data, we de-

igned and implemented a set of metrics that require of more complex
alculations, such as standardization, normalization, or more complex
ethods (e.g., machine learning techniques). Next, we explain each
etric in detail:

• Levels of difficulty: This metric is computed for each game and
unit of play (level), and provides a set of parameters that are
related to the difficulty of the different units (Ruipérez-Valiente
et al., 2021), namely: completed_time, which is computed by di-
viding the amount of time invested in the game by the number of
completed units; actions_completed, which is computed by dividing
the number of actions by the number of completed units; and
p_abandoned, computed by dividing the number of started units
by the number of completed units. Then, a standardized and
normalized measure of the three previous parameters together in
a single value is computed, representing the difficulty score of
each unit.

• Persistence: This metric is computed for each game, user, and
unit of play (level). Although there are few indicators on how to
calculate persistence, it can be observed that time, both for com-
pleted and uncompleted activities, and the number of attempts
are essential characteristics for persistence. Following some re-
lated works, it can be seen that the rest of the parameters are
more linked to the specifications of each scenario where it has
9

}

been implemented (Valiente, 2022). In our specific metric, to see
if a user has been persistent or not, we consider several metrics:
if the unit has been completed or not, active time spent, number
of events triggered, and number of attempts. Accordingly, we
consider percentiles of each of the parameters considered (time,
attempts, events), supposing that the user was persistent if the
respective value exceeds the value of 75%. Lastly, for each user,
we identify the units in which he has been persistent, and we
calculate if the user globally has been persistent or not according
to the number of units in which he has been persistent.

• Play styles: This metric is computed for each game and user. To
identify different play styles that users can have when playing, we
perform clustering by using k-means algorithm, which commonly
uses a set of continuous variables as input. We use as input the fol-
lowing indicators: total active time, different days played, number
of different events triggered, number of interaction events, and
completed units. Based on these indicators, we can obtain higher
level profiles so that we can analyze each cluster separately and
determine different play styles.

For these metrics, the initial calculations required have also been
mplemented in form of SparQL queries. However, other advanced
echniques (such as ML) have been included in the system by devel-
ping separated scripts that use the SparQL queries results to perform
omplex calculations. Moreover, the granularity in these metrics can
lso be changed easily so that metric results are displayed not only by
ndividual users but also by group or game.

.2.3. Metric implementation
To implement the metrics presented, we used the framework de-

cribed in Section 3.5. Thanks to its capabilities, we have integrated the
ntology developed along with the different metrics. Once the log data
rom learners’ interaction with SGs has been transformed into ontology-
ased data, the system uses SparQL (the standard language for querying
DF data) queries to gather information from these data. Therefore, we

mplemented all the basic metrics in form of queries, including metrics
merged from literature as well as the first stages of the additional
etrics proposed. Regarding the additional metrics, more complex

alculations were executed using specific scripts integrated into the
ramework, which also used the results from the SparQL queries. Next,
s an example, we show the query implemented for the ‘‘Activity
ndicators’’ metric:

ELECT ?game ?group ?user
?totalTime ?totalGameEvents
((?totalGameEvents/?totalTime) as ?freqEvents)

WHERE{
?user rdf:type m:User.
{SELECT ?group ?user ?game
(SUM(?individualTime) as ?totalTime)
(COUNT(DISTINCT(?ev)) as ?totalGameEvents)

WHERE{
?user rdf:type m:User.
?user m:has ?attempt.
?user m:hasGroup ?group.
?attempt rdf:type m:Attempt.
?attempt m:playedInUnit ?unit.
?game m:hasUnitOfPlay ?unit.
?attempt m:has ?ev.
?ev rdf:type m:GameEvent.
?ev m:timeBetweenEvents ?individualTime.

}
GROUP BY ?group ?user ?game
}
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As stated in the metric definition, it calculates the total amount of
time spent in the game, the total number of events, and the frequency
of events of each learner separately. As we can see, the total time is
calculated by adding the number of seconds that each event lasts, and
this number is aggregated by group, game and user. Moreover, we also
see that the frequency is calculated dividing the total number of events
by the total time (in seconds) once the results have been aggregated by
learner.

4.3. Case study

In this section, using our experiment results, we present a case
study exemplifying how our ontology-based approach and the com-
puted metrics could be used in a real life environment. To test the
interoperability and usability of our work, we followed previous related
work (Díaz et al., 2019; Jayapandian, Zhao, Ewing, Zhang, & Sahoo,
2012; Santos, Dantas, Furtado, Pinheiro, & McGuinness, 2017) and
conducted a similar case study.

4.3.1. Dashboard overview
In this use case, we present a visualization dashboard system that

uses the data analyzed and transformed into metrics, being consumed
via visualizations. This enables instructors to monitor what learners
are doing while playing, use these data to adapt their interventions
when necessary, or even use these metrics as a part of a formative
evaluation. Moreover, this dashboard also allows learners to track their
own activity within the games. We have developed the dashboard using
Shiny’s R framework, and we have deployed it on ShinyApps web
server. In our implementation, we have two types of users: on the
one side, we have instructors (or teachers) that can use the dashboard
to visualize what their learners are doing. Therefore, instructors are
able to insert new GBA data, but also to query metrics from games
and groups where they are participating. On the other side, we have
learners, which are only allowed to query their own metric results. This
way, we restrict the access to different groups and games data to ensure
the privacy of each user.

Fig. 5 shows the dashboard running on the ShinyApps server. The
login page is shown in Fig. 5(a), where the user can log into the system
by using a username and a password. Depending on the credentials
used, each person has access to different features and different data
sets within the dashboard, as each user created in the platform has its
own roles and permissions. After login credentials have been initially
verified, the user gets access to different functionalities: in Fig. 5(b)
we can see the file upload page, where authorized users can upload
new GBA assessment data to be processed by the framework and
incorporated in form of new metrics data. Moreover, the user can
choose between different tabs available in the sidebar, either to upload
new data if the current user’s role permits it, or to query metric results
and see them graphically via visualizations.

Furthermore, Fig. 6 shows two illustrations of how metrics are
represented in the system. In our dashboard, we have implemented
both group-oriented and individual-oriented visualizations, depending
on the granularity of each metric. The dashboard takes advantage of the
complete interoperability between games and metrics, as the user can
manipulate the selection boxes to filter by different games and groups
(as shown in Fig. 6(a)), and also by user if the metric allows it (as shown
in Fig. 6(b)). That way, when a game is selected among the available
options, the system shows the existing groups for that specific game in
the corresponding selection box; once all the selection boxes for that
metric tab are filled with a choice, the system queries the necessary
information and represents it using interactive visualizations. Next, we
present a use case using these visualizations with real data.
10
4.3.2. Group and student analysis
This use case exemplifies how an instructor can use the dashboard to

analyze the global group status, but also to monitor individual learners.
This can be very useful to track issues related to the whole group and
be aware of the learners’ current progress. For this use case, we analyze
some of the metrics that have been defined with specific examples,
using real data from the game and group that we have selected for the
analysis.

In Fig. 7(a) we see the Funnel by user metric visualization, which
is based on the metric we defined previously. In this concrete use case,
we selected the group ‘‘MainGroup’’ from the game ‘‘CRYSTAL’’. We see
that there are 26 learners, with a funnel corresponding to each learner,
showing the percentage of units that have been started, interacted,
and completed. For example, we can focus on the user with identifier
‘‘210604085851886’’ (third funnel in the first row), which is a learner
with a good performance in the game. This learner has started and
interacted 100% percent of the units, and completed correctly 89%
of them. Then, the instructor could use the ‘‘Persistence’’ visualization
(Fig. 7(b)) to have a more detailed perspective of how each learner
has interacted with the different units. In this visualization, a pie chart
for each user is shown, indicating the percentage of units in which
the user has shown different types of behaviors, such as ‘‘productive
persistence’’ or ‘‘unproductive persistence’’. Focusing on the same user
as before, we see that has shown ‘‘no behavior’’ in 62.5% of the units,
‘‘productive persistence’’ in 25% of the units, and that has been ‘‘non
persistent’’ in 12.5% of the units.

Then, the instructor might want to know more about the activity
that the learner has had in each unit. With this purpose in mind, an
instructor could use the ‘‘Levels of activity’’ visualization shown in
Fig. 8(b), adding a higher level of detail regarding learner’s interaction.
In this visualization, for a given user, we can see the active time,
number of events, and number of different events in each unit. For
the selected user, we can see that most interacted units have been
‘‘CRYSTAL-7’’ and ‘‘CRYSTAL-8’’, with an active time higher than 200 s,
and a number of events of 115 and 66, respectively. Then, to see which
have been the more complicated units for the group, the instructor can
take a look at the ‘‘Levels of difficulty’’ visualization (Fig. 8(a), in which
we can see the parameters defined, and the final difficulty measure
calculated for each unit. As we can observe, the most difficult units
for these group have been ‘‘CRYSTAL-7’’, and ‘‘CRYSTAL-8’’, which
perfectly matches with the interaction patterns previously seen within
the selected learner’s data.

5. Discussion

Although SGs are being considered as useful tools to perform com-
plex and reliable assessments in broad domains (Kato & de Klerk, 2017;
Sliney & Murphy, 2011), the implementation of GBAs features is seen
as a very time consuming step (Ifenthaler, Eseryel, & Ge, 2012). This
is due to heterogeneity issues, since assessment machinery is usually
designed specifically in each different game and context. Previous
work has addressed this problem by proposing standard models, such
as xAPI, comprising the specificities of analytics in games (Alonso-
Fernandez et al., 2017; Perez-Colado et al., 2018). In this research, we
try to address the interoperability issue by providing a higher level in-
teroperable approach to perform GBAs. We designed and implemented
a new ontology that serves as a common knowledge model, being able
to integrate log events from any game into a unified data model. This
implies the standardization of a wide area, with games designed with
different purposes, based on different knowledge areas, and targeting
participants with different characteristics.

Comparing our approach with previous standardized data format
approaches, which benefits can bring the use of an ontology to this
area? First, ontologies provide an organization and reuse of knowledge,
allowing to disambiguate or uniquely identify the meaning of concepts
in a given domain (Bürger & Simperl, 2008). Second, ontologies allow
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Fig. 5. Screenshots of the dashboard developed.
to take advantage of the richness and complexity of relationships
between concepts and entities within a domain. By representing these
relationships explicitly, ontologies can provide a better understanding
of the GBA area and enable a more sophisticated reasoning. This knowl-
edge representation also provides computational inference, which can
help to spot logical inconsistencies to indicate modeling errors. Third,
it is reasonable to expect a performance gain in precision and recall
when using ontology-based approaches compared with the data mining
approaches (Dou, Wang, & Liu, 2015). Furthermore, ontology-based
approaches can be combined with Big Data technologies in order to
obtain great performance results, as shown in Lehmann et al. (2017).
In fact, using the framework mentioned in Section 3.5, we were able to
compute data from approximately 39 full classrooms during an entire
month in 107.2 min (Gomez et al., 2023).

Alonso-Fernandez et al. (2019) conducted a review regarding ap-
plications of data science to game learning analytics data, and noted
that most papers did not report the format in which they collected
the data, so it is unknown if they were using a standard or relying on
their own data formats, which leads to reproducibility and reusability
problems. Our ontology works regardless of the data format, which
can be easily adapted to be incorporated in the model and used for
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further processing. This enables an easy way to use any type of GBA
data and make straightforward assessments by simply adapting the data
to our model. In addition, authors also noted that sample sizes used in
the studies are, in general, quite low, presenting low statistical power
and having a reduced chance of detecting actual effects (Petri & von
Wangenheim, 2017). Thus, it is important that future research used
larger data samples, in order to improve the results’ generalization, and
also to enable the use of more complex techniques that usually require
a big amount of data. Our work also enables the processing of large data
samples, since it has been integrated in a framework that uses Big Data
technologies (specifically Spark) to process the ontology-based data.

The availability of real-time information about the learners’ interac-
tion and behaviors provides a great opportunity to analyze these data
during gameplay. The analysis of those actions and the investigation
of more complex series of actions and behaviors can provide key
insights into ongoing learning processes in these environments (Kim &
Ifenthaler, 2019). GBAs aim to convert learner-generated information
into actionable insights, including learners’ individual characteristics
(e.g., interests, prior knowledge, skills) and learner-generated game
data (e.g., time spent, goals or tasks completed). However, these anal-
yses are usually quite simple: we conducted a review on literature to
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Fig. 6. Selection options in the dashboard.
collect which metrics have been used in previous studies, concluding
that most of them only use basic ones (e.g., completion times, count
of events, general scores), which implies simple calculations, such as
additions or averages. While all these metrics previously developed
have been implemented in our research, we have also developed novel
metrics using more complex calculations, such as normalization, stan-
dardization, and ML algorithms, demonstrating that our ontology can
replicate previous literature as well as using new approaches to perform
interoperable GBAs.

To see how our environment works in a real context, we collected
data from 10 different SGs and used the ontology and metrics to
perform GBA and conduct a case study. In many fields, dashboards are
used as a tool to inform and transmit knowledge, and their importance
and usefulness make them the subject of many studies (Ruipérez-
Valiente et al., 2021). Although some studies in the field have used
visualizations and deployed dashboards as effective tools to represent
GBA data (Gomez, Ruipérez-Valiente, Martinez, & Kim, 2020; Kim, Lin,
& Ruipérez-Valiente, 2021), our dashboard designed for the case study
is the first one in the area supporting interoperable GBAs, since it covers
data from different SGs at the same time by simply using the ontology
developed.

This work also has also some limitations: first, data has to be
incorporated into the ontology providing the data file manually, and
although we have defined a data format with columns that almost
any log data from the area should have, probably some adaptations
to the original data would be necessary in order to meet the input’s
requirements. Moreover, this approach supports ML techniques, but it
does not support more complex methods, such as Knowledge Inference
(KI) or Deep Learning (DL). The use of these methods could help to
infer more useful information from learners’ data, as well as improving
the results’ validity and reliability.

We can see the great potential that GBA have applied in many
contexts. Regarding professional environments, companies have begun
12
to use GBA for employee recruitment and selection (Bina, Mullins, &
Petter, 2021). In healthcare, games are also being used for assessment,
training and rehabilitation (Ferreira-Brito et al., 2019). Moreover, GBA
can also be used to measure psychological well-being, by analyzing
learners’ anxiety, for example (Smits & Charlier, 2011). Despite all
these opportunities, the current challenge is (still) to make use of
data from learners, teachers, and game learning environments for
assessments. Therefore, we firmly believe that the future of games for
assessment is promising, and our work can help to alleviate some of the
challenges in the area by providing a common knowledge model and
provide straightforward interoperable assessments.

6. Conclusions

This research aimed to develop a novel approach to achieve inter-
operable GBAs using ontologies and in-game metrics that are automat-
ically computed using ontology-based data. With that purpose in mind,
we established three objectives: (1) to design and develop an ontology
to standardize the GBA area, (2) to conduct a validation study on
previous metrics in literature, as well as to design and implement novel
metrics, and 3) to conduct a case study illustrating how our approach
can be used in a real environment. First, we designed an ontology
from scratch using Methontology (Fernández-López et al., 1997) as
a base in our methodology, and we conducted a formal evaluation
using OOPS! (Poveda-Villalón et al., 2014) to detect possible issues
and iterate over the methodology to solve them if necessary. Then,
we conducted an study on previous GBA literature, carefully reviewing
each paper and noting the metrics developed so that we could replicate
them later in our environment. In addition to those metrics, we also
designed novel interoperable metrics (including more complex calcula-
tions and ML algorithms) to demonstrate and validate the capabilities of
our work. Finally, we conducted a case study performing GBA with data

from 10 different SGs. Benefiting from the capacities of the framework
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Fig. 7. Funnel by user and Persistence visualizations for the selected game and group.
used to integrate our ontology (Gomez et al., 2023), a dashboard was
developed using Shiny’s R framework and deployed via ShinyApps
server to test our approach with real data.

As part of our future work, we would like to validate our approach
by conducting case studies (using the framework showed in this re-
search) and collecting data in real time from learners and instructors.
Moreover, we will be developing new metrics to continue expanding
the system and its possibilities. Future studies should also consider
integrating more complex algorithms (KI,DL) that are quite important
within the GBA machinery literature in form of metrics that could
unveil the full potential that interaction data from learners have in
assessment. Finally, novel uses of our ontology and metrics, such as
reports generation, will be explored in order to perform new case
13
studies, giving our research even more practical application. This work
provides significant contributions to the literature, including a new
ontology designed as a common knowledge model to unify the GBA
area, aiming to provide interoperable GBAs using in-game metrics to
monitor learners’ interaction with games and provide useful insights. In
addition, since we developed the metrics in a modular way, integrating
them into a powerful ontology-based framework, our work can be
easily expanded with new metrics using novel approaches, such as ML
techniques. We expect the use of our work (including the ontology
and GBA metrics) along with its integration in the framework to solve
the current limitations regarding GBA interoperability, reducing the
cost and effort of developing specific GBAs, and therefore allowing the
deployment of GBAaaS.
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Fig. 8. Levels of difficulty and Levels of activity visualizations.
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