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ABSTRACT

This article presents a systematic review of the specialized literature using the meta-synthesis method to learn
about the theoretical and empirical trends that can be found in the scientific literature on game learning analytics. The
search was carried out in 17 databases and 153 results were obtained. After applying certain exclusion criteria, 17 scien-
tific research articles were admitted for analysis. The information was classified into design, validation and implemen-
tation trends. The design findings suggest a tendency to simulate real environments with the aim of validating not only
the serious game, but also the learning obtained by applying pre- and post-test measurements. A varied implementation
was observed between educational purposes, training or support for people with disabilities. Likewise, pre-designed

games and author’s games with individual interactions were used.
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1. Introduction

The first documented appearance of the term
game learning analytics was found at the Second
International Games and Learning Alliance Con-
ference, which was held in Paris, France, in October
2013. This conference was organized by the Serious
Games Society together with the Games and
Learning Association and the Network of Excellence
in Serious Games, funded by the European Union!!.
However, it was not until 2016 when Springer Pub-
lishing published the chapter “Game learning ana-
Iytics: Learning analytics for serious games”, in
the book Learning, design, and technology'?.

Game learning analytics results from the union
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of serious game and learning analytics techniquest®*,
Currently, it is a growing field of research involv-
ing both computational and social sciences. Its pop-
ularity has grown because internet connectivity and
the use of mobile devices have increased in almost
all regions of the world. In addition, educational
models that incorporate this technique consider that
it favors autonomous learning through playful
ways®®l,

Serious games are a set of activities conceived
with explicit, specific and carefully thought out ed-
ucational purposes. They are not intended for enter-
tainment, fun or informal purposes. However, this
does not mean that they cannot be entertainingl’®!.

Received: June 6, 2022 | Accepted: July 21, 2022 | Available online: July 26, 2022

CITATION

Mejia Sierra MY, Escudero-Nahén A, Chaparro Sanchez R. Trends in game learning analysis: A systematical review of the expert literature.

Metaverse 2022; 3(2): 9 pages.
COPYRIGHT

Copyright © 2022 by author(s). Metaverse is published by Asia Pacific Academy of Science Pte. Ltd. This is an Open Access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), permitting distribution and repro-

duction in any medium, provided the original work is cited.



Trends in game learning analysis: A systematical review of the expert literature

Their design should contain clear pedagogical and
educational objectives, present a simulation that
clearly explains the game domain, define the pro-
gression and problems that the player will encounter,
exhibit a specific aesthetic that makes it attractive to
the player, explain the player’s interactions with the
game simulation, as well as specify the conditions of
use, how, when, where and by whom the game
will be used™.

On the other hand, learning analytics seeks to
develop and use methods for measuring, collecting,
analyzing and communicating data, aimed at under-
standing and optimizing the teaching-learning pro-
cess within its environment™?%, Specifically, in game
learning analytics the data obtained from the player’s
interaction with the serious game can be used to
evaluate students, predict learning outcomes, vali-
date the serious game and find possible improve-
ments in game design!®!.

This documentary research presents the results
of a systematic review applied in scientific databases
to know the theoretical and empirical trends that
can be found in the scientific literature about game
learning analytics as an educational strategy, since
its appearance, in 2015, until the current trends in its
design and validation. It comprises the following
sections: introduction to the topic, description of the
method applied in the elaboration of the systematic
review (research questions, search term, information
sources, exclusion and inclusion terms, duplicate
analysis and relevance analysis for literature selec-
tion) and results, which show the classifications
applied in the extraction of information from the
selected scientific research articles. This classifica-
tion integrated serious game design trends and
learning analytics, serious game validation trends
and learning gained, and implementation trends that
consider the characteristics of the research partici-
pants, area or learning intention, use of authored or
prefabricated games, and player interaction with the
individual or paired serious game. Finally, in the
discussions we present the usefulness of the results,
as well as lines of future research.

2. Method

The systematic review of the specialized liter-
ature was elaborated based on the meta-synthesis
methodology, which integrates the results of quali-
tative studies and processes the data obtained in-
ductively in order to interpret relevant findings™.
The main objective was to understand the trends in
the design, validation and implementation of game
learning analytics from 2013, the year in which the
first research concerning the topic is recorded, to
2020. The procedure included four stages and six
steps, which are detailed in Figure 122,

Stages of the systematic review

> Planning >> Selection >> Extraction >> Results )

Step 1. Pose the Step 3 Step 5 Step 6
research questions  Choosing sources of Concentrate and Determine

information analyze the data findings
Step 2.
Define the search Step 4,
term Select specialized

literature

Systematic review steps

Figure 1. Stages and steps of the systematic review.

3. Planning

3.1. Pose the research questions

Our guiding research question was: what are
the trends in game learning analytics design, valida-
tion and implementation from 2015 to 20207

3.2. Define the search term

The term used in the search of the specialized
literature in the scientific databases used the Boolean
method. The search string entered in the scientific
databases was “game learning analytics”. We used
guotation marks to obtain an exact match of the
phrase. If quotation marks were not used, the search
results showed publications that contained among
their search terms the words game, learning or ana-
Iytics somewhere in the text, making the results ir-
relevant to our objectives. We selected scientific
texts that presented the exact search term (“game
learning analytics™) in the title, abstract or content of
the specialized literature.



Mejia Sierra, et al.

3.3. Selection

Sources of information

As sources of information, we selected 17 da-
tabases and included some of the main ones for ed-
ucation, computer science and general scientific
research: Scopus, ScienceDirect, SpringerLink, Web
of Science, Conricyt, Redalyc, Directory of Open
Access Journals, IEEE Xplore, Dialnet, Emerald
Insight, EBSCOhost, SciELO, Latindex, Associa-
tion for Computing Machinery, Education Resources
Information Center, Cambridge Journals Online and
Oxford University Press.

Selection of specialized literature

When entering the above databases, the search
query “game learning analytics” obtained 153 results,
to which we applied the following exclusion and
inclusion criteria, duplicate analysis and relevance
analysis.

Exclusion and inclusion criteria

The characteristics for including literature in
the systematic review were: scientific research arti-
cles in English and Spanish. On the other hand, to
determine which scientific research articles would
not be included, we considered relevance, i.e., arti-
cles that, although they met the inclusion criteria,
were not relevant to the research due to their scarce
information on the design, validation and imple-
mentation of game learning analytics.

For the verification and elimination of dupli-
cates, we used the check for duplicates tool of
the bibliographic reference manager Mendeley. Re-
viewing the title and abstract manually to ensure a
thorough elimination of duplicates in the following
duplicates matrix allowed us to know how many,
which and in which databases the duplicate articles
were found. The results achieved by applying the
criteria described above are included in Figure 2.

Risk of bias analysis

Inspired by Sterne et al.[*®, we performed a risk
of bias analysis. Table 1 defines the domains and
description of potential research biases: supple-

Database Research articles

Unduplicated Selected

search results in English and

research articles research articles

Spanish

Scientific .
Duplicate Non-relevant
literature oulside . .
research articles research articles

the inclusion

criteria

Figure 2. Process of selection of scientific literature for the
systematic review.

Table 1. Description of possible bias domains

Domain Description
When a research article resulting from the
Additional in- database searches excluded because it con-
formation tains additional information to that defined

in the objectives of the systematic review.

When a research article resulting from
searches in scientific databases is excluded
for containing few mentions of the term
game learning analytics

When a scientific research article resulting
from searches in scientific databases is

Search term

Design excluded for not detailing coding aspects of
the serious game used
When a scientific research article resulting
A from searches in scientific databases is
Validation

excluded for not detailing algorithms im-
plemented in the learning analytics process

When a scientific research article resulting
from searches in scientific databases is
excluded for not detailing the area of im-
plementation

Implementation

mentary information, search term, design, validation,
and implementation.

3.4. Extraction

Data concentration and analysis

The selected scientific research articles were
downloaded and identified by integrating the name
or abbreviation of the source database, an identifying
number followed by a hyphen and the number of
total publications found (e.g. Scopus 1-11).

The essential information of the scientific re-
search articles was concentrated in a matrix with the
following general aspects including ID, name, au-
thor(s), keywords, date of publication, doi, journal,
index number, introduction, method, results, con-
clusions, as well as the following aspects specific to
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the research question: design, validation and im-
plementation, in addition to considerations for tools
or software and other comments.

From each of the selected scientific research
articles, we collected the data and categorized the
results according to the research questions based on
the following criteria:

= Game learning analytics design
= Validation of game learning analytics

= Implementation of game learning analytics

4. Results

The search for the term game learning analytics
was carried out in 17 databases, from which we ob-
tained 153 results. These were filtered using exclu-
sion and inclusion criteria, duplicate analysis and
relevance, resulting in a total of 17 scientific re-
search articles. Table 2 contains the findings by
database, as well as the articles (see Figure 3).

The analysis of duplicates was carried out con-
sidering the databases that yielded a result for the
search term entered. The databases that did not show
any search results were Redalyc, SCiELO, Latindex,
Cambridge Journals Online, Oxford University

Table 2. Articles found and included by database

Total 153 17

Databases Literature found Literature included
Scopus 28 9
Science Direct 5 2
Springer 26 1
Web of Science 11 0
Conricyt 44 1
Redalyc 0 0
DOAJ 1 1
IEEE 11 0
Dialnet 5 0
Emerald 1 0
EBSCO 7 0
SciELO 0 0
Latindex 0 0
ACM 5 3
ERIC 9 0
CJO 0 0
OuUP 0 0

Duplicate literature
e N & ® o M
[l =r-smr v s s |
G ] o
s —
S
O I -
o E— o
> T -
-
“o

1
[
Y E & & € I ¥
s F o @ &@Q S S F
) &é," o

Database

Figure 3. Duplicate analysis of relevant literature.

Press and Emerald. As can be seen, the database with
the highest number of duplicate articles is Conricyt.

4.1. Design trends

The findings of this systematic review indicated
that there are three main categories of analysis: de-
sign, validation, and implementation; these catego-
ries contain subcategories (see Figure 4). The design
trends of serious games used in game learning ana-
Iytics focused on the development of 3D video
games, simulations, puzzles, and connection games.
Validation of the game learning analytics analyzed in
our research was carried out using pre- and post-tests,
automatic data collection, clustering and data mining.
The game learning analytics were used for education,
training and support of people with intellectual dis-
abilities.

3D Video Games
Simulations
Puzzle

Design

o Pre and post test
5 Validation Automatic data collection
= Clustering
Education
Implementation Training

Support for people with disabilities

Figure 4. Study dimensions.

Every implementation of game learning ana-
lytics requires a serious game. These are not always
designed specifically with learning analytics. The
research analyzed showed a tendency towards 3D
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video games, simulations, puzzles and connection
games; all of them are prefabricated games with an
external learning analytics application. Table 3 de-

tails the author, game, type, as well as the pedagog-
ical basis from which it was designed.

Table 3. Design of the games used in game learning analytics

Author and year Name Type Pedagogical basis
Alonso-Fernandez et al., 2019. DownTown 3D video game Most common - user characteristics
and cognitive barriers
Literature concerning common bul-
Alonso-Fernandez, 2020a Connected 3D Puzzle lying situations, scenarios and roles,
as well as cyberbullying.
Calvo-Morata et al., 2019. First Aid Game Simulation Gmdeh_nes_ defined I_oy the European
Resuscitation Council
Capatina et al., 2018171 Simbound Simulation Collaborative learning model

Cloude et al., 2020 Crystal Island

Niemela et al., 2020 GraphoLearn
Peddycord-Liu et al., 2017. ST Math
Rotaru et al., 2018 COSMOS

Ruipérez & Kim, 2020 Shadowspect

Essential standards of the standard

3D video game course of study for eighth grade mi-

crobiology.
Connections Finnish language rules
Jigsaw puzzle Study plan
3D video game Neuropsychological tests: 15 Objects
Test
3D video game Study plan

4.2. Validation trends

Among the methods identified to validate the
serious game and the learning obtained by the player
when interacting with it, the application of pre- and
post-test experiments stands out. The experiments
consisted of a pre-test questionnaire, followed by the
player’s interaction with the serious game and, fi-
nally, the application of the initial questionnaire
again  (post-test). The questionnaires were
pre-validated. In case a validation instrument for the
guestionnaire was lacking, it was developed
ad-hocl*14-281,

The application of pre- and post-tests is a re-
source-consuming activity, since they are generally
applied in an environment external to the serious
game and require the capture and processing of data
with external tools, which leads to the need to inte-
grate pre- and post-tests into the serious game en-
vironment or to seek alternatives for their optimiza-
tion4!,

Another method identified to validate learning
consisted of collecting player interaction data with
the serious game using the game analytics tracking
technique, commonly used in commercial games for
profitability purposes, although it can be adapted to

educational purposes. The information obtained
from the interaction data was used both to evaluate
and improve the game and to track student progress
and even evaluate it

In certain situations, the collection of interac-
tion data proved to be indispensable when the
learning obtained from the player’s interaction with
the serious game could not be measured with pre-
and post-test®]. While the use of pre- and post-test is
an effective tool for data collection, the application
of XAPI-SG represents an alternative way to collect
data, as it draws on high-level aggregate statistics on
player and team performancel®1420-22]

Among the variety of alternatives available to
validate learning, we found the clustering method,
usually used in learning analytics. This consisted of
hierarchical clustering to classify students, their
learning, progress in the game and the players’
learning process. A tree-like structure was used and
was not advised for large data sets, as it yielded ar-
bitrary figures. On the other hand, the K-means data
mining method was applied, in which each observa-
tion belongs to a group according to the nearest
mean and presents grouping in a layer with geomet-
rically closed subsets of easy interpretation!*®l,
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In addition to the aforementioned methods, it
was possible to validate the learning resulting from
the player’s interaction with the serious game by
applying multiple-choice questionnaires designed to
measure the expected learning, in which, upon ob-
taining the answer, additional videos with the correct
procedures were shownt!,

Data mining was also employed to validate the
learning obtained by the player at the end of the
interaction with the serious game: classification
models, such as decision trees, logistic regression
and Naive Bayes classifier to determine pass-fail,
and linear models, such as regression trees, linear

regression and support vector regression with non-
linear kernels to know the exact score*?%,

4.3. Implementation trends

Implementation trends for game learning ana-
Iytics were concentrated in this category. Table 4
shows the author, year of the research, a brief de-
scription of the participants, the purpose and time of
implementation. During the implementation of game
learning analytics, we used serious game, whose
design was not specifically focused on the docu-
mented research, i.e., we used prefabricated serious
game[4,10,14,23].

Table 4. Implementation of game learning analytics

Year and author Study participant

Purpose of implementation Implementation time

Adults between 18 and 45
years of age with intellectual
disabilities

K-12 students (elementary
and middle school equivalent)
Students between 12

and 17 years

Employees

Alonso-Fernandez et al., 2019

Alonso-Fernandez, 2020a

Calvo-Morata et al., 2019
Capatina et al., 2018

Cloude et al., 2020 University students

Niemela et al., 2020 Students from 6 to 9 years old

Peddycord-Liu et al., 2017 Third grade students

Cognitively healthy adults
over 60 years of age

First year high school stu-
dents

Rotaru et al., 2018

Ruipérez and Kim, 2020

Orientation in the use of the public

transportation system 8 hours
Increasing bullying awareness 55 minutes
Instrugtlo_n in cardiopulmonary 30 minutes
resuscitation maneuvers
Improve collaborative skills Not specified
Improve the transfer and retention .

- . . 90 minutes
of scientific reasoning skills
Training connections between .

10 minutes

speech sounds and letters
Support th_e teach_lng of the 60 minutes
mathematics curriculum
Computerized neuropsychological 25 minutes
tests
Develop geometric, dimensional 75 minutes

and spatial reasoning skills

In addition to empirical applications of game
learning analytics, the development of a framework
for designing game learning analytics for people
with disabilities was reported from a theoretical
approach focused on fostering serious game devel-
opment in an inclusive learning environment de-
signed with prudence, adaptive and measurable
competencies to meet the needs of players!?*l,

Regarding students’ interaction with the game,
this happened individually®#101415182528] o cq-
laboratively. The results are different, not necessarily
superior to each other; while individual interaction
allowed for greater progress in game performance
and participation, binned interaction demonstrated

greater exploration of the gamel?®!,

As a result of the analysis of the scientific re-
search articles selected for the systematic review, we
developed Figure 5, in which we establish the me-
chanics and the process to be followed in the de-
velopment of game learning analytics.

5. Discussion and conclusions

This systematic review of the specialized liter-
ature with the meta-synthesis method had the objec-
tive of knowing the current theoretical and empirical
trends in the scientific literature about game learning
analytics. It highlighted the fact that the preponder-
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ant design was 3D video games and simulations.
This coincides with the specialized literature re-
garding a clear incorporation of immersive digital

_l Design |—
| v
Serious Game Queigcﬁggii;fe ©
_.| Validation |‘—
+ A 4
Serious game Pre- and
analytics post test
_.l Implementation |‘—
| A 4
- Pre- and
Training
1 post-test
Education application of LA

Figure 5. Trends in design, validation and implementation of
game learning analytics.

technology in learning processes, and whose most
sophisticated stage is the recently popular
Metaverse?”-2°1. However, when reviewing the year
of publication of that literature, it was evident that
the immersive trend, at least in education, already
dates to about a decade, which can be interpreted as a
trend that is hardly novel, but unfinished.

Regarding the validation of game learning an-
alytics, it was evident that there is a marked tendency
to use quantitative procedures and instruments. This
coincides with the proposals of big data analysis, but
is contrary to the educational discourse focused on
learning. In other words, in validation, the emphasis
has been on the optimization of the artifact, but not
on knowing in breadth and depth what problems
students have when experiencing a game learning
analytics and how they solve those problems. It is
necessary to introduce proposals for artifact valida-
tion with a qualitative approach, as well as to initiate
qualitative studies on learning with this type of
modelst®=Y,

The third finding lies in the areas in which these
prototypes have been implemented. It is striking that
the areas of formal and non-formal education are

equally addressed. This is symptomatic of a shift of
interest towards alternative learning methods, not
only of prototypes, but of educational contexts. The
three findings above, in general, coincide with the
trends that the specialized literature in educational
technology is developing: new educational models
and prototypes applied in formal, non-formal and
informal contexts. However, a relevant suggestion is
for more qualitative studiest®%,

In conclusion, in this paper we explain the
trends in design, validation and implementation of
game learning analytics. The research area for this
term is recent and growing. Scientific research arti-
cles that comprehensively develop the topic are
scarce and are considerably duplicated in databases.

Understanding the trends of design, validation
and implementation of game learning analytics fa-
vors the consolidation of the term, and serves as a
guide not only for researchers in educational are-
as, but also for developers or researchers interested
in elaborating this type of resources. It is important
to highlight that the design trends for this learning
analytics are inclined to the selection and imple-
mentation of a serious game rather than to its de-
velopment, which facilitates and makes available the
use of game learning analytics for educational pur-
poses for teachers who have little technological
training in the development of serious game and
learning analytics.

Finding few authors and scientific research ar-
ticles hindered the elaboration of the systematic
review. However, it opens the door to future work,
especially regarding the pedagogical basis on which
game learning analytics will be developed. Although
some researches base the implementation and vali-
dation on standards, idiomatic norms and diverse
literature, none of them mentions the application of
an educational model as such. We can conclude that
the research documented and analyzed in this sys-
tematic review leans towards an empirical applica-
tion. Undoubtedly, there is a need to expand both the
research and its publication.
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