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Machine learning algorithms and gamification applied in educational environments promote more accurate

information gathering as students interact with games. They allow you to evaluate and analyse data from how
to improve gamified tools to stimulate teaching, retain student attention and interest, and optimize learning.
This paper has performed a systematic mapping to identify how machine learning algorithms are applied at

each game level.

1 INTRODUCTION

The use of games in educational environments
improves the learning process, encouraging students
to improve their skills in various areas, in addition to
shaping behaviour using techniques and elements in
environments not related to games (Kapp, 2012;
Lopes et al., 2018; Mora et al., 2017) as is the case
gamification. Gamification uses the dynamics and
mechanics of games as a tool to motivate and increase
commitment in the educational field (Cordero-Brito
and Mena, 2018) and promotes motivation and
engagement (Lee and Hammer, 2011).

Machine learning (ML) algorithms when used in
education games provides an automation of tools and
facilitates data analysis, in which playful experiences
can be measured through multidisciplinary
interactions (Cowley et al., 2014).

This paper summarized, by means of a systematic
mapping based on the method of Kitchenham and
Charters (2007), the state of the art of how the
machine learning and gamification algorithms are
being used in educational games levels. The
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systematic mapping was carried out from 2003 to
2020 and used 5 digital repositories.

2 RELATED WORK

Considering the existing studies in the literature on
games or gamification in education, a common
practice is to carry out literature reviews in a more
systematic way. This contributes to assess the area of
research in which it is desired to propose a solution
not yet measured. To understand the application of
gamification in education, we sought to identify in the
literature the mapping or systematic review related to
games in education, and to select them by the subject
of gamification applied to education using the
following  search  strings: “education” and
“gamification” and “systematic review” or
“systematic mapping”. The works were searched in
the Elsevier (Science Direct), ACM, IEEEXplore,
Scopus and Google Scholar repositories.
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132 studies were found and 14 of these were
removed because they were duplicated, leaving a total
of 121. Of these, 28 studies were related to review or
mapping involving: Gamification and Education. The
subjects addressed through the mappings or
systematic reviews found were analyzed to determine
their objective.

It was found that some papers were focused on
identifying how gamification is applied and at what
levels of education, such as: Morelock (2013),
Dicheva et al. (2015), Alanne (2016), Bodnar et al.
(2016), De Avila dos Santos and Luis Castro de
Freitas (2017), Ortiz-Rojas et al. (2017), Subhash and
Cudney (2018), Alhammad and Moreno (2018),
Souza et al. (2018), Borges et al. (2018), Cordero-
Brito and Mena (2018) and Gentry et al. (2019).
There are other works focused on the use of tools,
learning theories or environments in which
gamification is applied: De Sousa Borges et al.
(2014), Truong (2016), Stevenson et al. (2017), Brito
and Madeira (2017), Tenorio et al. (2018), Trinidad
etal. (2018) and Lara et al. (2019). Other papers focus
on the review of how the gamification project is
developed and reused as described in Peixoto and
Silva (2015), Seaborn and Fels (2015), Mora et al.
(2017), Calderdn et al. (2018) and Kamunya et al.
(2019). In addition to the systematic reviews that
address application, use of tools, learning theories,
environments in which gamification is applied and
projects for the development of gamified software
that was previously presented; there are also studies
on gamification and multidisciplinar and new
guidelines for the use of gamification, such as:
Osatuyi et al. (2018), Bozkurt and Durak (2018),
Rodrigues et al. (2019) and Inocencio (2018),
respectively.

In the research it was noted that there was an
increase in studies related to systematic mapping that
describe gamification in education (in 2018 there
were 7 papers). Analyzing the number of experiences
of gamification applied in educational levels, higher
education has a greater frequency with 6 works,
followed by 5 works in various levels (basic
education, high school and higher education), 16
without information and 1 in high school, elementary
school and teaching for the intellectual disabled.

The analysis of related works showed that higher
education concentrates most applications of
gamification in education in all years, and this
educational level also falls into several levels (basic
education, high school and higher education). In 2015
two studies were retrieved, one in higher education
and the other which does not reveal information on
which educational level the gamification context was
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applied to. In addition, only in the year 2017 there are
publications of gamification applied to high school
and teaching for the intellectual disabled. An
important factor is that the student's development can
be carried out in an individualized or customized way,
knowing their difficulties, skills and potential (Mora
etal. 2017). It was found that the works address many
aspects related to gamification and games applied in
education, but do not show how machine learning
algorithms are applied at educational game levels.

3 REVIEW METHODOLOGY

Based on the literature, studies involving games in
education were found with the application of machine
learning algorithms. The method used in this work to
carry out systematic mapping was that of Kitchenham
and Charters (2007). The authors Martins and
Gorschek (2016) define that their work is a reference
for those who wish to carry out systematic reviews
and mappings; and report that this approach covers
several steps to generate comprehensive research.

The systematic mapping was carried out by the
authors of this work: 1 in the area of software
engineering, 1 in the area of artificial intelligence, 1
in the area of education and 1 in the area of
technology and management, 1 doctoral student in
Science, Technology and Teaching and 1 master's
student in Computer Science. It includes studies from
2003 to 2020 on the subjects of games and machine
learning algorithms aimed at education. The proposed
work carried out the research contemplating games,
as there could be works containing gamification
within the process of this systematic mapping.

At first, as predicted by the systematic mapping
method, the protocol was defined by the authors in
order to bring to the researcher a quantity of
information about: authors of works, relevance of
each work and their real contribution to the
community and research problems. In this protocol,
research questions, search bases and their specific
forms of search, search strings, keywords and filters
were defined, presented in the next sections. Figure 1
shows how the process of systematic mapping was
conducted. In the planning process, the objective of
systematic mapping was identified to verify the
educational games that apply machine algorithms in
order to check how it can help for a sustainable
education. The definition of the protocol used an
electronic spreadsheet for filling in information on the
work to be analyzed. In the selection of studies, the
search bases, search strings were defined and
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questions were elaborated to be answered in the
systematic mapping.

Planning ‘ |Studies Selection| ’ Data Analysis |

1. Identification [> 1. Identification [> 1. Synthesis of

of the objective of searches work

of the bases 2. Presentation
Systematic 2. Definition of of results
Review searches strings 3. Future

trends about
the subject

3. Elaboration of
the questions

4. Study
selection criteria
(inclusion and
exclusion)

5. Selection
process

A4

| Lessons Learned from the Systematic Mapping Process |

2. Definition of
the protocol

3. Evaluation of
the protocolo

Figure 1: Research Methodology Adopted.

Then, the inclusion and exclusion criteria were
defined to select the desired works and form the
protocol with information from the articles so that the
questions could be answered. With the protocol
formed it was possible to synthesize the data, present
the results and verify future trends on the subject.

3.1 Research Questions

The central objective of the research was to list the
main tools and methods used in the researched
subjects. The following questions were elaborated:
QR1) What are the games styles, the area and the
level of education (special or not)?

QR2) How the games architecture is built?

QR3) What kind of machine learning algorithms and
techniques are used in the games?

3.2 Inclusion and Exclusion Criteria

The researchers who performed the systematic
mapping were the evaluators of the collected primary
works. Initially, an inclusion criterion ware studies
that presented in their Title, Keywords or Abstract
information related to the research topic and that were
within the time period determined for systematic
mapping.

The application of the inclusion and exclusion
criteria followed the steps: i) Reading the titles,
keywords and abstract, excluding works that are not
related to the inclusion criteria; ii) Dynamic
(superficial) reading of the study considering the
inclusion and exclusion criteria and iii)
Documentation of each study in short paragraphs.
Five search databases were defined to perform the
researches: Google Scholar, Science Direct, ACM,
IEEEXplore and Scopus. The choice of the cited

bases was because they had a greater number of
publications related to this work's research.

3.3 Search Strings and Keywords

Several search terms had already been thought and
discussed among the researchers, which facilitated
the process of composing the keywords. After some
tests, expressions restricted to the theme were used,
such as "artificial intelligence algorithm" AND
"gaming" AND education", "machine learning" AND
"digital games", "childhood" AND "education" AND
"machine learning" AND '"games", "Machine
learning algorithm" AND "education games" AND
"artificial intelligence", "machine learning algorithm"
AND "education" AND "digital games", "machine
learning algorithm" AND "education" AND "games".

Using the before mentioned strings the number of
results was low or in some cases no results were
returned. With that, a refinement of the search string
was carried out, and the combination that returned the
most results was "machine learning algorithm" AND
"education" AND "games" to obtain publications of
systematic mapping articles. A total of 382 articles
were found using a set of keywords defined for
searching works related to games in education
applying machine learning algorithms. Table 1 shows
the number of works obtained per repository.
However, 13 duplicate works were eliminated: 3 from
the Scopus database, 1 from the Google Scholar
database, 4 from the Science Direct database, 2 from
the ACM database and 3 from the IEEEXplore
database, remaining 369 papers.

Table 1: Quantity of work by repositories.

String
“machine learning algorithm” AND “education” AND
“games”
Repositories

Google Schoolar 78
Science Direct 169
ACM 13
IEEE 22
Scopus 100
TOTAL 382

After realizing the proposed exclusion criteria
were eliminated 328 works by the reading of the title
and the abstract, resulting in 41 articles for detailed
reading. The 41 works were read entirely because
they are more focused on the objective of this
research. However, from 41 articles, 36 articles were
eliminated because they applied classification
algorithms or were not directly related to games in
education, remaining 5 works. The 5 works were
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selected because they applied machine learning
algorithms at each game level.

4 RESULTS

This section presents the results related to the answers
for the previous sections.

4.1 What Are the Games Styles, the
Area and the Level of Education
(Special or Not)?

The games that apply the machine learning
algorithms are quite diverse. Some of them were
developed in a specific way to attend the study, such
as MCP Quest and Skill Tree (Barata et al., 2016) in
the computer sciences area, and Romeo and Juliet
(Siu et al., 2018) in the languages area. Other works
used games available on the market such as Super
Monkey Ball 2 in the work of Cowley et al. (2014) in
the area of psychophysiology, games available on
Google Play in several areas such as sports, action,
strategy and Role-Playing Game (RPG) in the study
of Bharathi et al. (2016) and the Pacman game used
in Llorens-Largo et al. (2016) work. The last two
games mentioned were used in the area of computer
science. The computer science area concentrates
most of the application of machine learning
algorithms in educational games. Table 2 presents the
application areas of games with machine learning
algorithms.

Table 2: Games used in the areas and educational levels by
the authors.

Game Area Educational Author
level
Super Psycho- Higher Cowley et al.,
Monkey  physiology  education (2014)
Ball 2
MCP Computer Higher Barata et al.
Quest and Science education (2016)
Skill Tree
Various Computer Multiple Bharathi et al.
games Science Levels (2016)
from
Google
Play
Pacman Computer Higher Llorens-Largo
Science education etal. (2016)
Romeo Languages Multiple Siu et al.
and Juliet Levels (2018)
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Cowley et al. (2014) carried out in the area of
psychophysiology describes a new method to
integrate player preferences, experimental data and
game design patterns in a single framework, Play
Patterns and Xperience (PPAX). The framework
explored the patterns of gameplay and physiological
reactions of the players' faces, resulting in
information on reaction patters, moves and the
personality of each player.

In the work by Barata et al. (2016), the experiment
characterized data to predict the type of student at the
beginning of the master's course in computer science
at the University of Lisbon. For this, it used machine
learning algorithms to classify student data from one
period and predict the type of student in another
period. Through the inclusion of games in the
teaching grid, they created the games MCP Quest and
Skill Tree to expand interactivity and created a
ranking to reward the progression of levels and the
experiences acquired by students.

In the work of Bharathi et al. (2016), in the area
of computer science, several games and applications
installed on smartphones were analyzed to identify
and list design characteristics and gamification
elements such as challenges, feedbacks, rewards,
objectives, characters, badges, punctuation, levels,
ranking and dynamics of game states. These elements
of gamification can promote student motivation to
interact with the game more often and gain new
knowledge.

The work of Llorens-Largo et al. (2016) in the
area of computer science, developed the LudifyMe
system to assess the potential of gamification as a
means of improving learning. The main contribution
is in the application of games in the teaching of
artificial intelligence in order to improve motivation,
performance and student satisfaction.

In the work of Siu et al. (2018) in the area of
languages for learning the English language, they
developed a game platform based on the story of
Romeo and Juliet, which analyses the scores obtained
by the student to verify the progression and mastery
of the language. The purpose of the platform is to
predict whether the student has the capacity to
achieve an average score in the tests.

The systematic mapping verified and identified
that the educational levels of application are for
higher education, basic education and various levels
(basic to higher education), however, none of the
games was used for special education. However, there
is a predominance of works in higher education, and
analysing the amount of works at each level, there are
3 works related to higher education and 2 works that
fall into various levels (basic to higher education).
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4.2 How the Games Architecture Is
Built?

The games are divided according to type, for
example, serious games, racing, puzzle, strategy,
gamified web platform and RPG (Role Playing
Game). In the work of Barata et al. (2016) serious
games were developed containing stages and
missions. As the missions are carried out, a more
complex one is presented and the players receive
scores when they finish, however the missions can be
executed in several ways as long as all objectives are
fulfilled. In the game MCP Quest, for example, it is
an online treasure hunt in which students access a
page containing a multimedia artifact that must be
edited and manipulated to unravel the clue to access
the URL of the next page. As the missions are
completed the player earns experience points and is
able to access a more difficult mission.

Similarly, the game Skill Tree (Barata et al. 2016)
presents a tree of missions to be performed. At the
root of the tree, three initial missions are presented
and enabled and, in their branches, there are other
disabled missions. After completing the first
missions, the player receives the experience points
and new missions are enabled from the tree for
execution. If the player does not have enough
experience points, new missions of a more complex
level are not enabled. The architecture of this game is
server client, in which students access the game
through the pages provided and perform activities on
the platform. Thus, the data of all performed activities
are recorded in a database for later application of the
machine learning algorithm to understand the
students’ behavior.

The LudifyMe study by Llorens-Largo et al.
(2016) used the Prolog language to teach artificial
intelligence about the Pacman game. The game is
divided into difficulty levels according to the mazes,
amount and speed of movement of the main
character's enemies. As one level is overcome, the
next has the level of difficulty increased, and so on.
In this work, the labyrinth creation activities of the
game were carried out on a gamified web platform, in
which students must program the rules and relations
of the game and send for evaluation in a prediction
system. The architecture is composed by the gamified
platform, a database of events in which the
characteristics of the created labyrinths are extracted,
and an evaluation of the predictive system that
presents the results.

After the student submits the code for evaluation
on the platform, the information is sent to an event
database for further processing of the developed

labyrinths’ characteristics by the students. The
prediction system applies machine learning
algorithms to the database and presents the mazes’
results. With that, students and teachers can evaluate
the results and optimize the maze according to the
information provided in graphs.

Cowley et al. (2014) developed a framework,
called Play Patterns And eXperience (PPAX), to
analyze a set of data containing psychophysiological
information about the player’s facial expressions such
as tension, alertness, joy, upset, stress, calmness,
relaxation, etc., and video data containing plays that
were made.

The game used to apply the framework was Super
Monkey Ball 2, whose main mechanics is to roll a
ball, containing a monkey inside, on platforms of
different heights without dropping the ball and
reaching the end of the course. During the course the
player is rewarded with points for collecting bananas.
This framework analyses game event data and
psychophysiological data by applying the Frequent
Pattern Growth machine algorithm, which looks for
patterns in large data sets, to identify game design
patterns.

In the work of Cowley et al. (2014), Barata et al.
(2016), Bharathi et al. (2016), Llorens-Largo et al.
(2016), Siu et al. (2018), machine learning algorithms
are applied on a database formed by the data collected
during the interactions performed by the user in the
games. The information in the databases is treated to
facilitate the acquisition of knowledge through the
learning of machine algorithm with successive
training. And later, the information obtained is
analyzed and revised to improve the performance of
the machine learning algorithm. Finally, with this
information, evaluations are made to understand the
student's learning and the execution of their activities.

4.3 What Kind of Machine Learning
Algorithms and Techniques Are
Used in the Games?

Considering the selected works, it was identified that
the most used machine learning algorithms are those
that use supervised learning methods, such as the
Support Vector Machine (SVM) and the Naive Bayes
classifier. However, it was found that there is no
preference for a particular machine learning
algorithm, as they are chosen according to the authors'
preference and the context of each application.
Cowley et al. (2014) applied the Unsupervised
Frequent Pattern Growthe K-Means algorithms. In
the work by Barata et al. (2016) were used
Expectation Maximization Algorithm (EM), Naive
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Bayes, Bayesian Networks, Sequential Minimal
Optimization (SMO), Logistic Regression K-Nearest
Neighbors (KNN).

Bharathi et al. (2016) applied the Support Vector
Machine (SVM), Naive Bayes, IBK, Decision Trees,
Random Forest, Sequential Minimal Optimization
(SMO) and J48 to rank games to a maximum score
and indicate whether they are successful or not.

Llorens-Largo et al. (2016) applied the Support
Vector Machine (SVM) to program Pacman game
rules and actions to interactively teach artificial
intelligence lessons to computer science students.
Finally, Siu et al. (2018) used the Decision Trees,
Support Vector Machine (SVM) and K-Nearest
Neighbor (KNN) algorithms. Table 3 presents the
machine learning algorithms used in their respective
years.

Table 3: Quantity of machine learning algorithms per year.

Algorithms Classification 2014 2016 2018
Frequent .
Pattern Growth Unsupervised !
K-Means Unsupervised 1
EM Unsupervised 1
Naive Bayes Probabilistic 2
Bayesian .
Networks Probabilistic 1
Logistic .
Regression Supervised !
K-Nearest
Neighbors Supervised 2 1
(KNN)
Support Vector
Machine Supervised 2 1
(SVM)
Decision Trees Supervised 3 1
Sequential
Minimal .
Optimization Supervised !
(SMO)
TOTAL 2 1 5

The systematic mapping indicated that the
researched works between the years 2003 and 2020,
have a considerable variation in the use of machine
learning algorithms, however the repetition of
machine learning algorithms was identified, as shown
in Table 3. The most used algorithm is Decision
Trees, followed by Naive Bayes, K-Nearest
Neighbors (KNN) and Support Vector Machine
(SVM). In 2014, only 2 algorithms were used,
Frequent Pattern Growth and K-Means. In 2016, a
greater amount of work was applied, totalling 11
algorithms. In 2018, only 5 algorithms were used.
One observed factor was the use of supervised
learning algorithms in most of the studies, where the
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data sets are already labelled for training containing a
predicted or desired response.

S5 TRENDS

Machine learning played an important and significant
role in education because it allows exploring various
possibilities through which the system can perform a
cognitive analysis using a base with a set of input
data. Especially in an inverted classroom model, in
which the student-centered approach is adopted;
machine learning can be a revolutionary approach to
meeting student requirements based on their existing
skills (Naidu et al., 2018).

The systematic mapping process presented in this
article showed that there are few educational games
that are implemented with machine learning and
gamification. The use of machine learning allows
applying algorithms in a systematic way with the
ability to learn and adapt to changes in a system, using
criteria from examples of data or past experiences.
This learning ability not only predicts a certain
condition, but tries to find solutions to unpredictable
situations, as certain tasks or events that arise during
the execution of a system can be too complex to be
solved using classical programming (Alpaydin,
2014). The works analyzed in the systematic mapping
use machine learning after the execution of the game
and not at the execution level.

According to Samuel (1959) a scientist who
created the first learning program for checkers,
describes that machine learning transfers the ability to
the computer to learn without being programmed or
stated explicitly. In his experiment, every move made
by a person was analyzed and the machine learned
from mistakes and successes. Thus, each match
played by the computer gave the opportunity for
improvement, and in the next moves or matches,
enabled it to make tactical predictions of the game.
Therefore, any additional event and not foreseen in
the execution of a given move, made the system
interpret it as a probable error, store the information,
and then learn to avoid a possible repetition.

One of the characteristics of machine learning is
to generalize each event experienced, transform it
into a form of training and in subsequent executions
generate a hypothesis or predict by reaching a more
approximate estimate of a new process in question. It
also allows performance to be increased in instances
of non-visible data, providing greater accuracy for
future data. However, machine learning does not have
a well-defined or structured functionality to be
optimized. As error events arise, they serve as a filter
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for adjusting learning errors (Awad and Khanna,
2015).

The learning process is a major resource in
generalizing problems, as it is triggered according to
historical experiences. Historical experiences or logs
(activity records) are used to form the collections of
data which are later consulted to form a machine
learning domain model. Resources present in the K-
Nearest Neighbors (KNN) algorithm serve as a
support for classification indicators and discover
patterns, Naive Bayes is used for categorization based
on the frequency of information, Expectation
Maximization (EM) to characterize data not yet
observed and more appropriately point out what each
student does during their studies in order to optimize
learning (Barata et al., 2016).

Machine learning algorithms allow planning in
the development of educational games by verifying
the motivations, such as the Support Vector Machine
(SVM), which for each data entry seeks to analyse
and define patterns. With this assessment, developers
can design features to retain more attention from
players by encouraging them to overcome challenges
(Bharathi et al., 2016). Xu et al. (2016) claim that the
Random Forest algorithm points out which aspects
can be incorporated into interactive platforms with
different combinations between machine learning
models allowing it to increase the overall result.

Gamification can be used in the development of
educational games as a way of engaging students to
overcome proposed challenges such as missions and
more complex levels by intensifying interaction with
games. And from this, with the events of the
registered plays and matches it becomes possible to
form a data base for later application of machine
learning algorithms. With a data base having well-
defined attributes, the main contribution of the
application of machine learning algorithms is to favor
the obtainment of reaction and play patterns, player
and student profiles, behaviour and performance, and
student satisfaction. The gamification application
requires that ideal elements for the domain be
identified. According to Denden et al. (2018) the
elements are: points, levels, progress bar, feedback,
avatar, badges, leader identification (leader board)
and chat. Gamification theory has increased in the
area of education for the teaching of various
disciplines Lee and Doh (2012) and Dominguez et al.
(2013).

We observed that the games are applied at various
educational levels, however it is noted that their
predominance is at the higher level. In addition, it is
clear that the application of games aimed at the
education of intellectual disabilities is non-existent,

as in this systematic mapping on the application of
machine learning algorithm in educational games,
only one work related to deaf-mute people was found.
The application of this resource is still quite limited
to the area of computer science and scarce in other
areas such as health, sales, commerce, engineering,
administration, environmental, business and
industrial. According to Hidalgo et al. (2020)
concerns about unequal access to new technologies
have given rise to several socioeconomic questions,
especially gender, age, level, education, income and
habitat.

6 CONCLUSION

This paper presented a systematic mapping in order
to identify how educational games use machine
learning algorithms. The application of learning
algorithms is performed to extract information after
the consolidation of a database, that is, after the game
is over, the data are analyzed by the algorithm.

An identified matter was the use of supervised
learning algorithms in most of the studied, with a
considerable concentration in 2016. Another finding
was the use of gamification and gamification
elements such as those illustrated in the studies by
Barata et al. (2016) and Siu et al. (2018) like
educational games of their own authorship that use
dynamic elements such as narrative, progression and
restrictions, mechanical elements such as feedback
and challenges, gamification components such as
missions, points, classification (ranking) and
achievements. The other works used existing games
on the market that apply elements such as
progression, restrictions, challenges, points and
rewards (Cowley et al., 2014), (Bharathi et al., 2016)
and (Llorens-Largo et al., 2016). As for future works,
educational games with machine learning and
gamification can be developed allowing students to
improve their knowledge on a subject and the
machine algorithm can provide solutions for
unpredicted situations.
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