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Abstract

Nowadays, serious games play an outstanding role in the adoption of competencies since they provide
immersion, fun, motivation and a high level of engagement among users. This research proposes a
process called “Competency-based Decomposition” that allows the identification and modelling of
syllabus competencies for the development of serious games to ensure the correct implementation of
pedagogical aspects. This is extremely important to ensure a high level of adoption of the competencies
by game users. The focus of this research is to guarantee the correct implementation of pedagogical
aspects (learning activities and content, expected learning, etc.) in the production of serious games. This
article presents the theoretical foundations of the research and details of the competency-based
decomposition process, including the application process and its application in mathematics classes for
the sixth grade of elementary school. The results obtained in this research are the successful
identification of six competencies and 19 areas of knowledge, and the production of 50 short serious
games based on the identified competencies and areas of knowledge. These games have been tested on
students, resulting in an improvement in learning.

Keywords: Educative technology, short serious games, competencies.
Resumen

Hoy en dia, los juegos serios poseen un rol sobresaliente en la adopciéon de competencias ya que proveen
inmersién, diversién, motivacién y un alto grado de compromiso en los usuarios. Esta investigacion
propone un proceso denominado Descomposiciéon basada en Competencias que permite identificar y
modelar las competencias de un programa de estudios para asegurar la correcta implementacién de los
aspectos pedagdgicos en el desarrollo de juegos serios. La correcta implementaciéon de los aspectos
pedagdgicos es extremadamente importante para asegurar la apropiacién de las competencias por los
usuarios de los juegos. El enfoque de esta investigacion es el de garantizar la correcta implementacion de
los aspectos pedagdgicos (actividades de aprendizaje y contenidos, aprendizajes esperados, etc.) en la
produccién de juegos serios. Este articulo presenta los fundamentos tedricos de la investigacidn, el
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detalle del proceso de la Descomposicién Basada en Competencias, su procedimiento de aplicacién y su
aplicacién en la materia de Matematicas para sexto grado de primaria. Los resultados obtenidos en esta
investigacién son la exitosa identificacién de seis competencias y 19 areas de conocimiento vy la
produccién de 50 videojuegos serios cortos con base en las competencias y 4reas de conocimiento
identificadas. Dichos videojuegos han sido probados en estudiantes, obteniendo como resultado una
mejora en el aprendizaje.

Palabras clave: Tecnologia educativa, juegos serios cortos, competencias

l. Introduction

General basic education is geared towards achieving better levels of intelligence, feelings and personality
in students. With the aim of complementing these efforts, several strategies have been implemented to
incorporate technology (equipment, educational software, Web 2.0 tools, among others) within both
public and private schools from elementary to higher education. (/nstituto Nacional de Estadistica y
Geografia [INEGI], 2009)

However, despite the efforts made by teachers in elementary school, it is clear — based on the ENLACE (the
Spanish initials for the National Assessment of Academic Achievement in Schools) results— that
elementary school students’ level of education is barely improving with regard to basic topics in
mathematics, science, and Spanish (Secretaria de Educacion Publica [SEP], 2013).

There is a need to integrate more efficient mechanisms in a non-formal environment for students, and
increase learning opportunities beyond the classroom. Video games are a mechanism with great
potential.

One aspect that needs solving in order to achieve better learning methods is the production of
educational content. In recent years, this problem has become a topic of discussion among the
international research community (Ibrahim & Jaafar, 2009), and the use of serious games has been
proposed as a way to reduce the gap. Researchers have published multiple models and frameworks,
including development processes.

However, a literature review of this research clearly shows that no author has explicitly clarified how to
implement the pedagogical aspects in educational digital resources, nor has previous research clarified
how to manage the development of these resources in order to finish projects efficiently and produce
quality content. Quality is given in terms of user satisfaction and the full implementation of learning
needs (learning content, learning activities, expected learning, pedagogical aspects and competencies).
Efficiency is given in terms of rework.

[I. Problem Outline

The implementation of the “Business-Academia-Government Linkage Model for the Development of IT
Capabilities of Human Resources” project (known in Spanish as “Modelo de Vinculacién Empresa-
Academia-Gobierno para el Desarrollo en Capacidades de Capital Humano en Tecnologias de la
Informacién”) identified the need to convert a set of competencies (and areas of knowledge) into
learning needs in order to produce educational digital resources (Veldzquez, Alvarez, Garza, Sicilia, Mora,
& Mufoz, 2011). At that time, our research team carried out a first approach to competency-based
decomposition, resulting in the production of about one thousand learning objects.

From the experience gained during the product quality management in the project, it has been identified
that those educational digital resources produced with ad hoc processes do not guarantee efficient
completion of development or quality resource production, and neither do they ensure that the learning
needs are implemented entirely to facilitate the adoption of competencies, because that development
depends on the degree of experience of developers in different areas of knowledge (pedagogy, digital
content design, game design, process management, etc.) (Barajas, A., Alvarez, F., Mufioz, J., Santaolaya,
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R., & Collazos, C., 2014; Alvarez-Rodriguez, Barajas-Saavedra, & Mufioz-Arteaga, 2014).

This paper presents the improved and formalized process to achieve this transformation by addressing
the problems related to the correct fulfillment of the learning needs (learning content, learning activities,
expected learning, pedagogical aspects and competencies) through the use of the process called
“Competency-based Decomposition” (cBD), which, as said in the previous paragraphs, is a proven,
successful way to accomplish the production of digital educational resources — in this case, short serious
games.

The following sections present the basic concepts and definitions used in this research to design the ¢8D
process.

[1l. Review of literature

This section presents a review of the literature of competencies related to serious games, in order to
establish theoretical concepts that support this research. Furthermore, the definitions and concepts form
the foundation for the development of short serious games.

3.1 Competencies

In terms of approach, there have been three main traditions in competency research since the middle of
the last century (Mulder, Weigel, & Collins, 2007) :

1. The behaviorist approach stresses the importance of observing successful and effective job
performers and determining what differentiates them from their less successful counterparts.

2. The generic approach is aimed more at identifying the common abilities that explain variations in
performance.

3. The definition of competency in the cognitive approach includes all of the individuals’" mental
resources used to master tasks, acquire knowledge and perform well.

Any definition of the term "competency" should include a combination of three elements: a) information,
b) skill development and, c) turning it into action, in a unique situation. The best way to observe a
competency is in the combination of these three aspects, which means that all competencies require the
mastery of specific information, while calling for the development of a skill, or rather a skill set, derived
from information processes, but in a problem situation that is a real unique situation where competition
can be generated (Diaz, 2006).

The definition of “competencies” used for this research was created from the previous definitions and
concepts published by Diaz (2006) and Mulder et al. (2007) and is as follows: “Competencies are all
mental resources of individuals that are used to master tasks, acquire knowledge and perform well in
some specified abilities with a certain skill level.”

3.2 Short Serious Games (SsG)

A “Short Serious Game” is a videogame that must have the following aspects, regardless of their purpose
(training, education, etc.) and competencies:

1) Pedagogical aspects, which include the following:
a) The learning needs of the individual or group of individuals.
b) The social and cultural context of the individual or group of individuals.
)

¢) The learning methodology (includes consideration of the learning model and learning styles). This
aspect covers the aspects "Pedagogic considerations”, "Learner specification" and "Context"
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proposed by De Freitas & Jarvis (2006) and De Freitas & Oliver (2006).
2) Technical aspects including:

a) Considerations for gameplay and the story (Zyda, 2005).
b) The level of fidelity, interactivity, immersion, fun, etc.

3) Integration aspects that include:

a) Considerations for game-based learning (Martens, Diener, & Steffen, 2008).

b) Considerations for the inclusion of material in formal classes.

¢) Context-based considerations for the implementation of digital educational resources (De Freitas
& Jarvis, 2006).

Bearing in mind the analyzed literature on games and learning objects, a non-exhaustive set of basic
features that represent a good starting point to achieve a usable product with a good grade of quality
were identified:

1. Short and focused on a single area of knowledge;

2. A pedagogically-evaluated graphical user interface;

3. Cases with formal reasoning;

4, Randomly-generated cases;

5. Challenging content that generates competition between students using the game.
3.3 Related Work
This section shows the main ideas of the reviewed articles related to this research.
The article by Tejada (2005) emphasizes that education should appoint a special economic resource for
the production of learning materials, and stresses the importance of using digital learning resources. It
also establishes the means and strategies for assessment of learning by competencies.
Davila Balcarce et al. (Davila & Veldsquez, 2007) show the positive results of an evaluation of two
collaborative games as a methodological resource for education. It is also stressed that for the

improvement of the tested game applications for learning, it is necessary to create better educational
content.

Garrido (2013) states that video games are a systems environment that shows one way to configure a set
of Features that are pedagogically desirable and expected.

Almiron & Porro (2014) established that the use of IcT in education is a good learning strategy. They also
established that students have changed and they are not subjects for the current teaching system.

The literature review reveals that there is a need for the production of digital educational resources. Such
is the case that a number of assessment tools are proposed at different educational levels, and different
actors are involved in the teaching-learning process (teachers, professionals who are evaluated, students,
and even parents). However, no paper proposes a way to properly develop resources and the literature
makes the assumption that the production of educational (digital) resources is a competency that
teachers have already fully acquired.
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Therefore, this paper proposes a mechanism that ensures that this competency is acquired by those who
design or produce educational (digital) resources, so that students receive and adopt competencies and
learning outcomes.

The following sections present the cBD process, its application, and an example of its use including the
results of its application to a real subject.

IV. Competency-based decomposition: a process for modeling competencies

The cBD process is a mechanism used to match a formal competency with non-formal content, identifying
the aspects and factors that should be implemented in the production of the game so it may satisfactorily
cover the expected competencies for a given school grade and thus the quality of the serious game and
the fFulfilment of the learning needs may be guaranteed. This procedure sets out to completely cover the
content and outcomes that make up a subject in a syllabus, thus ensuring the appropriation of knowledge
and learning outcomes for a particular competency.

To perform the cBD it is necessary to complete the following steps for each subject to be analyzed (figure

1).

1. Identify the Standards, Goals and Graduate Profiles (ScGP) of the subject analyzed. This step is
very important as the products of the subsequent steps must be aligned to these elements.

2. Identify the contents and expected outcomes of the syllabus.

3. Group, in areas of knowledge, the contents and expected outcomes in accordance with the sGcp.
4. Organize knowledge areas in accordance with the sGcp.

5. Identify competencies from the grouping of knowledge areas.

6. Organize competencies and their knowledge areas in accordance with the sGcp.

STEP 1

=

/| N N N - ;

Standards Goals Graduate i ;

/ Profile £ i
STEP 4 STEP 5

Syllabus

— & —
“ R \J
Contents Areas of Groups of Competencies Groups of

knowledge AK. competencies

Expected
Learning

Figure 1. Graphic view of the competency-based decomposition process
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It is very important to stress that every competency and its knowledge areas must be attainable from a
software engineering perspective, since, for example, the syllabus for sixth-grade mathematics published
by the Ministry of Education provides a set of math competencies, namely:

1. Solve problems independently.

2. Communicate mathematical information.

3. Validate procedures and results.

4. Use techniques efficiently.

All of the above are “competencies for life”, which, from a software engineering perspective, are very
complex to manage and measure due to their multifactorial nature.

The following paragraphs show the application of this cBD process, used in this research to identify all the
competencies for sixth-grade mathematics in order to produce games.

V. Methodology

This section will show step-by-step the process used to apply the ¢BD using the sixth-grade mathematics
syllabus in elementary schools in Mexico.

Step 1

The following figures show the standards (Figure 2), goals (Figure 3) and graduate profiles (Figure 4) from
the syllabus analyzed.

Mathematics standards

The Mathematics Curriculum Standards present a vision of a population that knows how to use mathematical
knowledge. This includes the set of expected outcomes of students in four school periods, leading to high levels of
mathematical literacy.

This consists of:
1. Number sense and algebraic thinking.
2. Shape, space and measure.
3. Information management.
4. Attitude towards the study of mathematics.

Student progress should be understood as:
e Moving from everyday language to mathematical language to explain procedures and
results.
e Broadening and deepening knowledge so that the understanding and efficient use of
mathematical tools are favored.

e Moving from requesting help in solving problems towards self-help.

Figure 2. Standards for the study of mathematics for elementary education, established in the 2011 syllabus
published by the Mexican Ministry of Education (Secretaria de Educacion Pdblica [sEr], 2011).
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Purpose of the study of mathematics for elementary education

At this stage of their education and as a result of their studies in mathematics, it is expected that students:

e know and use the properties of the decimal system to interpret or communicate amounts in different ways
and explain the similarities and differences between the properties of the decimal system and other
systems, both positional and non-positional;

e use mental math, estimations or written operations with natural numbers and add and subtract with
fractions and decimal numbers to solve addition and multiplication problems;

e know and use the basic properties of angles and different types of lines as well as circles, triangles,
quadrilaterals, regular and irregular polygons, prisms, pyramids, cones, cylinders and spheres to make some
buildings and calculate measures;

e use and interpret various codes for orientation in space and locate objects or places;

e express and interpret measures with different types of unit, calculate perimeters and areas of triangles,
quadrilaterals, and regular and irregular polygons;

e engage in search processes, organization, analysis and interpretation of data in images, text, tables, bar
graphs and other carriers to provide information or answer questions for themselves or others, and
represent data using tables and bar charts; and

e identify sets of quantities that vary proportionately or irregularly, calculate missing values and percentages,
and apply the constant factor of proportionality (with natural numbers) in simple cases.

Figure 3. The purposes or goals of the study of mathematics for elementary education established
in the 2011 syllabus published by the Mexican Ministry of Education (sep, 2011)

Third school term, the end of the sixth grade, between 11 and 12 years old

During this period, the curriculum standards are centered on three thematic axes: number sense and algebraic
thinking; shape, space and measure; and information handling.

After the third period, students know how to communicate and interpret natural numbers, fractional or decimal
numbers as well as solve problems using conventional algorithms for addition and multiplication, calculate
perimeters and areas, and describe and build solid figures. They use reference systems to locate points in the plane
or interpret maps. They also perform collecting, organizing, analyzing and data presentation processes.

Based on the teaching methodology proposed for study in this course, students are expected to also acquire
mathematical knowledge and skills, and develop attitudes and values that are essential in the construction of
mathematical competence.

1. Number sense and algebraic thinking. During this period the axis includes the following topics:

1. Numbers and number systems.
2. Addition problems.
3. Multiplication problems.

The curriculum standards for this axis are as follows. The student:
1.1.1.  Reads, writes and compares natural, fractional and decimal numbers.
1.2.1.  Solves addition problems with fractional or decimal numbers, using conventional algorithms.
1.3.1.  Solves problems that involve multiplying or dividing natural numbers using conventional
algorithms.
1.3.2.  Solves problems that involve multiplying or dividing fractional or decimal numbers using
conventional algorithms.

Figure 4. Graduate profile in mathematics for elementary education established in the 2011
syllabus published by the Mexican Ministry of Education (sep, 2011)
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Step 2
All the subjects that make up a school grade may be found in sep (2011). Each grade is divided into blocks.

Each block is made up at its first level by the central axis, at its second level by the topics, and at its third
level by the contents. This can be seen in table 1. It should be noted that there are only three axes in the
figure. This is due to the fact that the fourth axis (“Attitude towards the study of mathematics”) is
implicitly evaluated by the other three axes.

Step 3

In order to perform this step, you must review in detail the contents and expected outcomes. For
example, as may be observed in Table 1, in the "Number sense and algebraic thinking” axis there are two
sections of content: 1) Addition problems and 2) Multiplication problems; so they can be grouped into an
area of knowledge called “Operations”.

Table I. Extract of the syllabus for sixth-grade math in elementary school

Competencies to enhance: Solve problems independently « Communicate mathematical information e Validate
procedures and results « Handle techniques efficiently

Central axes

Expected outcome Number sense !
and algebraic thinking Form, space and measure Information management
P _SO[VE‘ _problem§ Numbers and number systems |Figures and bodies Proportionality and functions
|nv.<;lvmg r((jeadmg, e Read, write and compare s Identify the axes of e  Calculate percentage
writing an natural, fractional and symmetry of a figure amounts by various
comparing natural : . A
Fractional and d N l decimal numbers. Explain (polygonal or non- methods (applying a "per
fac }ljona an 'Fe.oma comparison criteria. polygonal) and mutually 100, n" association,
Pﬁ?co?\?'asgse;ymg Addition problems symmetrical shapes, implementing a common
criteria p «  Solve addition problems using different resources. or decimal fraction, using
. Solve addition with natural, decimal and Spatial location 10.% as the base).
problems with fractional numbers, with '@  Choose a code to Analysis and data
natural, decimal and varying problem communicate the representation
fractional numbers structure. Study or location of objectsina ¢  Read datain tables and
involving two or more reaffirm conventional grid. Establish common circle graphs to answer
transformations. algorithms. codes for locating diverse questions.
»  Describe routesand \Multiplication problems objects.
calculate the real e  Solve multiplication Measure
distance from one problems with fractional |¢  Calculate real distances
point to another on or decimal values using through rough
maps. informal procedures. measurement from one
point to another ora
map.

Note : This figure shows the competencies to be enhanced, the expected learning, the central axes, the topics and
the contents for Block I. The syllabus is made up of five blocks. Note that the fourth axis is not shown as it is
evaluated implicitly in the other three. (ser, 2011)
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After identifying the contents and expected outcome, the grouping resulted in the following areas of

knowledge:
1. Areas 8. Handling of solid figures 15. Shapes and polygons
2. The Cartesian plane 9. Lengths 16. Time
3. Combinations 10. Odds 17. Units
4. The cross product 11. Operations 18. Volume
5. Decimal system 12. Patterns 19. Weight/Mass
6. Fractions 13. Percentages

7. Graphic representation of results  14. Perimeters

Step 4

As in the previous step, the areas of knowledge must be reviewed. For example, areas of knowledge 5, 6
and 11, according to the sGGP, can be grouped in one competency.

The process of organizing the knowledge areas resulted in the creation of “groups” that will later become
competencies.

Competency 1 Competency 3 Competency 5
a) Operations a) Lengths a) Patterns
b) The decimal system b) Volume b) Units
c) Fractions c¢) Weight/Mass ¢) The cross product
d) Perimeters d) Percentages
e) Areas
f) Time
Competency 2 Competency 4 Competency 6
a) Shapes and polygons a) Graphicrepresentation a) Combinations
b) Handling of solid figures of results b) Odds

¢) The Cartesian plane

Step 5

You must name the previous groups with competency names according to the sccp. The identified
competencies are:

ok wwNn -~

Numbers, relationships and operations
Geometry

Measures and Conversions
Information processing

Processes of change

Prediction and chance
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Step 6

The last step is to create a map of the competencies and their areas of knowledge. This map can be
created using a chart or a table.

Figure 5 shows a graphic template for displaying the results of the ¢BD process.

Scholar Grade

Subject A Subject B
Standards Goals H Gradu.ate Standards Goals ‘ GradL!ate
|| Profile | || Profile
Contents and Expected Learning Contents and Expected Learning

KA1 H KA 2 KA3 KA 4 KA1 ' KA2 | KA3 | KA4 | KAS

Competency 1 C2 C3 Competency 1 Competency 2

GamelHGameZ Game 3 | Game 4 Game 1 G2 G3 G4

Figure 5. This approach allows a formal competency to be matched with non-formal content, identifying
the aspects and factors that should be implemented in the production of the game so it may
satisfactorily cover the competency expectation for a given school grade
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VI. Results

This section presents the results of the application of the cBD process in sixth-grade mathematics. From
the application of the cBD process in mathematics for the sixth grade of elementary school, the following
areas of knowledge and competencies were identified.

Sixth Grade — Elementary School

Mathematics

Standards Goals Graduate Profile ‘

Contents and Expected Learning

-

Length
Values
of unity

Weight/
Mass
Percenta
ges
—— - s J

Volume
Patterns

Operations
Decimal system
Fractions
Shapes & polygons
Cartesian plane
Graphic
representation of
results
~,
Combinations
Odds

Handling solid figs

Perimeter
Area
Time
Cross

product

~,

The numbers,
relationships Geometry
and operations

[aames [ comes || comes [ comes || cames || comes |

Figure 6. The result of the c8p applied in sixth-grade mathematics in elementary school.

Prediction and
chance

Measures and Information Processes of
conversions processing change

Results of the production of short serious games

About fifty short serious games were produced in the following competencies and areas of knowledge:

1. Numbers and relationships 3. Measures and conversions 5. Prediction and chance
and operations

a) Perimeters a) Odds
a) Operations b) Lengths
b) Fractions ) Areas

d) Volume
2. Geometry e) Time

f) Weight/Mass
a) Shapes and polygons
b) Handling of solid figures 4. Processes of change
) The Cartesian plane
a) The cross product
b) Patterns
) Percentages
d) Units

Results of using the produced short serious game (knowledge assessment)

After the production phase of the short serious games, the team proceeded to test them in order to
study the impact on learning for students exposed to this learning strategy. The participants were a
group of 29 students from the sixth grade of elementary school at the “Federal Rural Cuauhtémoc”
elementary school located in La Paz, Ojuelos, Jalisco. The children from this school, and the school itself,
have many needs, so the use of IT to access information helps to alleviate some of them.
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The process followed for the test was as follows (Herndndez Sampieri, Ferndndez, & Baptista, 2010):
1) Potential schools were identified.

2) Tests were designed for initial and control evaluations. The tests were designed to evaluate students’
level of knowledge in the following areas: areas, handling of solid figures, fractions, shapes and
polygons, and the cross product.

3) Aschool was selected.

4) The group of students was selected. The group was divided into two parts, taking into account that in
both groups, the students’ average grade must be equally distributed, meaning that the group was
divided according to the average grades of the students.

5) Aninitial evaluation was applied to all students.

6) The test group used games in one-hour sessions twice a week for four weeks.

7) Atthe end of eight sessions, a control test was applied to identify the impact of game use.
8) The collected data was analyzed with spss software.

The collected data allows trends in students’ scores to be determined before and after they use short
serious games. The overall findings are graphically depicted in figure 7 where the dotted line displays the
results obtained during the initial examination. The solid line displays the results of the evaluation
performed after the use of short serious games.

Average grades of kids that used games -

First vs. Second Exam

Handling of solid
figures
4.00

=]
S.OO"
S
P \\
shapes and polygons ¢ Areas
p polyg = v’ 1.00 \» )
1 0.00 [
| I
' ]
X !
)
@ <,
S i
Crossed product Fractions
== @ =First exam @==Second Exam

Figure 7. Students’ overall results in the different areas of knowledge tested.

As the reader can see, there are improvements in four knowledge areas, this is due to the Ffact that
students achieved a higher level of acquisition of the competencies implemented in the short serious
games they used.

The cross product game, which shows a decrease in the acquisition of the competency, was developed

with a question bank instead of randomly-generated problems, so the students memorized this question
bank and did not achieve the intended competency acquisition.
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VII. Discussion

The correct implementation of the competencies and the characteristics of the short serious games are
extremely important because this is the only way to guarantee that users will achieve a higher level of
adoption of the competencies implemented in the games.

As the reader can see, the cross product game did not achieve its purpose of facilitating student adoption
of the competency due to a deviation in its development.

VIII. Conclusions and future work

The cBD process enables clear identification of the competencies to be implemented in short serious
games, as in many cases this aspect is not taken into account during the development process (if a
development process exists). The cBD process takes common elements in the syllabus as inputs, and turns
them into programmable and measurable competencies (learning needs) for short serious games.

Once the competencies have been identified, the short serious game development process is capable of
building high-quality software products that are based on those learning needs and follow the correct
implementation of the competencies.

This research has created and tested, with real-world students, a large set of short serious games, and
achieved an improvement in competency adoption due to the correct implementation of learning needs
into the games.

The established objectives of the research were:

1. To create a process that makes it easier for teachers and pedagogues to transform a syllabus into
competencies and areas of knowledge and develop all the materials and resources needed to teach.

2. To test the process on a real subject and develop a set of short serious games from the identified
competencies and areas of knowledge.

3. To test the developed short serious games with real students to determine if there is any
improvement.

Finally, we can say objectives have been fulfilled given that we created the cBD process and applied it to a
real subject, developed a set of short serious games and tested these games with students.

The next step in this research is to use this cBD process to review a bachelor's degree to ensure this
process can be applied in any context.
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