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Abstract— The use of computer based games for education
can improve the learning process. The design of computer based
games and the way the users might interact with them is an
important and open issue as there are many possibilities and
variables to take into account. This paper describes the design
and evaluation of shopC, an educational computer board game
driven by technology, based on the traditional well-known
Monopoly game. Three different dimensions are considered:
motivation, learning and gaming. We show the introduction and
the evaluation of the game in a pilot study with 58 students from
primary school interacting with the computer based game. This
evaluation validates the design of the computer based game
regarding the three dimensions (motivation, learning and
gaming) and suggests a positive effect in the learning process.

Keywords— computer based games; game design; user
interfaces; evaluation; motivation.

L INTRODUCTION

There are many arguments in favor of the use of games in
education. For example, Butler [1] states that students can learn
faster but the amount of concepts learned is not bigger than
with other methods, and that the socialization is improved
because of the interaction among peers.

Prensky [2] states that students can acquire knowledge and
skills playing games. In the same direction of positive effects,
Estallo [3] claimed that people who play games develop more
intellectual skills and De Aguilera [4] believes that playing
produces a positive effect on concentration, logical thinking
and problem solving skills.

Therefore, games are considered to be a very important
learning tool. Playing develops capacities and aptitudes that
contribute to the formation of personality. The game is a way
of learning as a consequence of the increase of motivation.
Different games have demonstrated to motivate students, e.g.
[5] and the relationship of motivation with learning outcomes
has been studied [6].

The implementation of educational games as computer
programs can enhance the user experience compared with non-
computer versions of the games, because the computer-based
versions can present nicer interface possibilities including e.g.
multimedia resources, and the computers can execute different
complex processing tasks, e.g. the assignment of opponents

Davinia Hernandez-Leo

Universidad Pompeu Fabra,
davinia.hernandez@upf.edu

Diego Redondo-Martinez

Centro para Adultos CEPA Distrito
Centro, Spain,
diegoredondo13@gmail.com

based on some algorithm. An interesting open issue is the
design of computer games for education, as the commented
benefits of games for the learning process depend a lot on the
features and philosophy of the games. Specifically, a
prominent area is the design of new computer based
educational games based on existing traditional games which
are not related to education. Different traditional games have
already been adapted to education, for addressing specific
learning topics or with a more general educational scope. For
example, Reinhardt [7] describes an educational game based in
the TV programme “Who wants to be a millionaire?”.
Traditional well-known games offer the benefit of being
already familiar to many learners who already know their basic
mechanisms and have proved to being engaging. However, in
many cases they are mostly focused on entertainment and their
educational value is very limited or non-existent. There are a
lot of prominent games that require adaptations if they are to be
used in the educational domain.

When integrating computer based games in education, a
key aspect is how to include learning mechanics into traditional
games in order to develop well-designed educational games
and get the benefits of both: from the learning and the gaming
areas. The design of a good computer educational game is
difficult. One of the difficulties is to find the right balance
between fun and learning. If the instruction predominates over
entertainment, the game can be boring. On the contrary, if fun
prevails over learning features, the game would not have an
educational impact [8].

This work focuses specifically on board games, which are
one of the more extended types. Board games is a category
where players enjoy, compete and learn from each other [9],
can use iterative learning [10] and students can evaluate their
own level of learning because students identify concepts that
should deepen [11].

The objective of this work is to make a successful
adaptation of a famous traditional board game, the Monopoly,
in order to transform it into a computer educational game,
taking into account different learning mechanics. The reported
research includes an evaluation with 58 students from primary
school interacting with this adapted computer game to analyze
the successful achievement of the proposed adaption.



II.  GAMES IN EDUCATION AND COMPUTER BASED GAMES

A lot of educational games have been used in schools and
universities [12] [13] [14]. There are plenty of educational
games for education; each one has different rules, and there are
different experiments with them in the classroom with different
purposes. However, there is path to create new interesting
games that make an impact for learning.

Focusing on authoring of board educational games, some
examples include the one reported in [9], which describes a
model for creating e-learning board games. That work allows
teachers to create e-learning board games using the ELG
environment and can be used for self-assessment purposes.

An example of board game is Troplay [15] which simulates
a board game with different levels of difficulty, keeping the
game within the limits of each student. Another example is in
[16], which proposes the integration of quizzes in a board as a
safe navigation approach to present and interact with course
material.

The board metaphor has been also used in mobile learning
games [17]. For example, QuesTInSitu: The Game applies
design elements of puzzle board games to facilitate the design
of geo-located question-and-answer activities in a way that
promotes engagement and reflection [18]. MAPLE is a
software that combines m-learning with games and it has been
created using educational theories how constructivist learning
or situated learning. Also it includes features of gamification
like challenges, feedback or rewards and additional features to
foster student motivation [19].

The competition factor has usually been included in
educational games. This is the case e.g. of ISCARE [20], a
computer based competition system where questions and peers
are adapted depending on the student level; Joyce [21] which is
a competition system based on a board where to move forward
depends to the questions” success; or QUEST [22] that rewards
students depending on the time they last in answering some
questions or challenges.

III. DESIGN OF THE SHOPC COMPUTER BASED GAME

The challenge is to transform or modify a successful game
in a computer based educational game using a proper
combination of educational goals / practices and entertainment
design principles. The three considered design principles and
their related features are explained below in the first three
subsections, while the fourth subsection is devoted to relate
these three design principles with our designed shopC
computer based educational tool. The three presented design
principles (motivation, learning and gaming) build on top of
the work by [19], who made an extensive review of the
literature in m-learning game based learning. Several of the
aspects related to each one of these three design principles are
taken from that review. The design principles considered are
complemented with the model by [12], which goes beyond m-
learning analyzing globally the learning mechanics for serious
games.
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A. Motivational Features

Motivation takes students to play the game and to try to
overcome the adversities (e.g. to learn better). From the
literature review at [19], there are three features that can bring
motivation:

e Flow. This can be defined as an enjoyable and pleasant
state for players where the challenges are according to
performance [2] [23] [24].

e Curiosity. The curiosity consists of sensory curiosity
and cognitive curiosity. The sensory curiosity
stimulates the senses and the cognitive curiosity
consists of non-deterministic results [25] [26].

e Players‘ autonomy. Players should have the control for
their actions [27].

In addition, we include two other features (rewards and
feedback) as motivational factors which are also considered as
gaming features in [18]. Moreover, we include competition as a
feature of this list:

e Rewards, which are intended to give a positive
feedback that reinforces an action. Different authors
demonstrated that rewarding students for correct actions
increases their motivation in education [28] [29] [30].

e Feedback allows players to seek improvements and
guides them to reach their goals [31].

e Competition as a social scenario with established
constraints that require students to plan their strategy
[32].

B. Learning Features

The learning features are not selected in this case from [19].
They are based instead on the Learning Mechanics-Game
Mechanics model (LM-GM) [12]. This model aggregates
pedagogical elements abstracted from literature on game
studies and learning theories on 21st century pedagogy (e.g.,
constructivism, behaviorism, personalism, etc.). In particular,
the constituent mechanics that support learning through game
are:

e Question & Answer: Strategy to engage students in a
solving-problem situation [33]. Other additional
strategies like the use of hints of different types can be
used in combination with questions [34].

e Instructional guidance: Plan captured in the navigation
proposed by the board and the design of the questions
themselves. It should be aligned with the previous
knowledge of the students [35].

e Action/task describes how students learn better with
practical applications of concepts [36].

e Repetition and Reflection: Iterative learning [37].

e Self-assessment and accountability of their own
learning. Students can estimate their own level of
learning and progress, indentifying the aspects they
need to revise [38].



According to the LM-GM model, these mechanisms
support the development of thinking skills such as “creating”
(planning),  “evaluating”  (self-assessment,  reflection),
“applying”  (action/task, competition), ‘“understanding”
(question & answer), “retention” (instruction, guidance,
repetition) [12].

C. Gaming Features

The use of game in non-recreational environments and
applications to enhance motivation, concentration, effort and
other positive values is a common feature to all games [39].
The goals of gaming principle are to entertain and amuse
players. There are different constituents’ principles for gaming
[19]:

¢ Goals to be achieved and rules to achieve those goals.
These should be clear and simple.

e Player’s control to lead students the mastery of subject
matter. This also improves the attitude towards learning
activities [40].

e Challenge to improve students® attention and students
effort [41].

D. Relationship with shopC

The commented three design dimensions have been applied
to create our shopC educational game. Table 1 shows how the
different motivational, learning and gaming mechanics and the
aspects which have been inserted within the shopC game. This
table 1, which summarizes the main design principles for the
design of our shopC game, is adapted from two articles [12]
[19]:

TABLE 1. SUMMARY OF THE RELATIONSHIP OF OUR SHOPC
EDUCATIONAL GAME WITH THE DIFFERENT DESIGN PRINCIPLES

Design Main
principles | Features
Motivation

Adaptation of Constituent Principles in
shopC

Flow The questions that are proposed to students
should be challenges which are not too
difficult or too easy. The fact of answering
correctly the questions allows students to
have better chances in the game but there is a
balance between chance and answering
questions correctly to have better options in
the game.

The main type of curiosity is the cognitive
one. Different squares in the game with
different graphics about shops. Each square
has different properties students have to
explore (price of the shops, go stairs upwards,
special actions, etc.)

Players can choose different configuration
options such as the number of players, the
tabs’ color or the name of the player. In
addition, each player is responsible of his/her
own strategy and makes several decisions
(e.g. buying or not a shop or the path they
should follow on the board).

When students answer correctly to questions,
they are rewarded with virtual money

The application shows the correct answers
and indicates outcomes of students’ actions.
Competiti | Students compete against other peers in order
on to get more virtual money, more properties,

Curiosity

Players*
autonomy

Reward

Feedback

etc. If they learn more, then it is more
probable that they can be more successful,
although chance has also an influence. In
addition, students interact with each other and
can view the status of their opponents at all
times with a clear objective to win the match.

Learning

Question Questions that the students should solve

& Answer | providing answers

Instructio Teachers can create learning challenges about

nal /| different topics. The questions are designed

Guidance to enable reflection around the challenges.
The board structure and the decomposition of
the challenge into questions provide students
the path to learn.

Repetition | Combining classroom learning and different

and questions of game, students reinforce and

Reflection | construct their knowledge. Some questions
are repeated during the game so that students
can reflect about them.

Action/Ta | The game offers a learning activity which

sk requires the active participation of the
students in their learning.

Self Students can evaluate themselves by

assessmen | answering questions.

t

Gaming
Goals and | The goal is to get the greatest amount of

rules money at the end and the rules are clear and
simple. Students can buy properties (lose
money at this moment) but they can recover
it later when other classmates go into this box
of the board.

Player’s Players/students will decide what to do in

control many parts of the game among different
options

Challenge | Players/students must answer the questions

better than the opponents. The money
depends on the correct resolution of exercises
but also on the correct strategy

IV. DESCRIPTION OF THE SHOPC COMPUTER BASED GAME

Fig. 1 shows the main window of the educational game
shopC, which we have implemented.
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Fig.1 Main window of the shopC computer based game

The shopC application allows the option to select the
number of players (from one up to four), to load previously
saved games, and to save several games. On the left of the
game main window (fig. 1), there is a player's panel, which
contains four components for each player (as illustrated in
fig.2): the name and colour tab chosen by the player, the



remaining money and the list of the properties purchased
(“shopping list™).
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Fig.2 Player’s pannel in shopC

The board of the game simulates a shopping centre where
each of the squares is a shop, restaurant or part of a shopping
centre. There are two types of square on the game:

e Squares for sale: they represent a shop or a restaurant.
Some examples are the bar, the butcher’s, the pastry's,
or the jeweller’s shop. When a player falls into one of
these squares, he/she can buy the shop. In this buying
process, the student has to answer a number of
questions about a subject and depending on the number
of correct answers; he/she will pay more or less money
for that property.

e Squares which are not for sale:

o Parking: it is the first square on the board. If
a player falls on this, he/she will pay 10M.

o Square of information: it is one corner square
on the board. If a player falls into it, he/she
will receive 10M.

o Toilet: it is two corners square on the board.
If a player falls into it, he/she will pay
money, specifically 10M. Moreover, the next
player will lose his turn or would have to pay
5M, passing the turn to the next player.

In our implemented shopC game, all the players start the
game on the square “Parking” and roll a dice in order. When
rolling the dice, the result is random (from 1 to 6). The number
indicated by the dice will be the number of squares that the
player’s tab will advance clockwise. When a student falls into a
square, the player can decide to buy the property if that
property was not previously purchased by another player that
fell into that square before. The price of the property is written
on the board, giving the information of the different amount of
money to pay depending on the number of correct answers to
some educational questions. If the property is already sold, this
is also indicated (Fig. 3).

Fig.3 Information panel of a shop or property in shopC

Some questions are formulated and the final price will
depend on the number of questions the student answered well.
Next, a panel appears to inform the player about the price of
the property depending on the number of questions the student
answered correctly. In any case, students can view the correct
answers to the questions after they submit their responses. Fig.
4 shows an example of three types of questions presented to
players. Each student rolls the dice once and, then, the turn
goes to the next player in order.
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Fig.4 Three different types of questions in shopC

In addition, there are two escalators on the board, for going
up and down. When a player passes through them, a message
will appear asking whether the student wants to modify his
usual path to go up or down using the escalators.

If a shop or property square is sold and the player who
owns it falls into it, then he/she will earn money. In case he/she
is not the owner but another player, then the student must
answer a question. If the solution is correct, the player will not
pay any money but if the solution is incorrect, he/she will pay
25% of the total price of the property.

The game finishes when a player loses all his money or
after fifty turns for each player. The number of turns is
configurable but has been selected as a trade-off on one hand
for being able to finish the game and making enough number
of exercises, and on the other hand for stopping the game if
after some number of turns no one has wined.

When the game ends, the system opens a window with
information about the ratings of players. The order in the rating
depends on the amount of money of each player at that moment
(the total amount of properties is not considered). Fig. 5 shows
the panel for the end of a game with just two players.



Fig.5 Final rating panel at the end of the game in shopC

V. COMPARISSON OF SHOPC WITH OTHER EDUCATIONAL
GAMES

The following section summarizes the goals of related
educational games and discusses the most significant
differences with our implemented shopC educational game.

The article by [15] describes a computer game that
simulates a board with a dice and squares where a player can
move forward if a student responds well some questions. The
presented shopC game adds the possibility of buying or
handling money as well as the option of making additional
strategies and different interfaces. The game proposed by [42]
is also based on the Monopoly game but the rules and
framework is very different to the one presented here, e.g. there
is no dice, the domination of squares depends on obtaining
higher scores, there are squares that are related or the
framework is not a shopping center.

The game presented in [43] turns students into virtual pets
while the shopC game let students play imitating the real life,
because it is like going shopping and use fictitious money.
Moreover, there are also differences in the strategy and
purpose of both games.

The research described in [21] [44] [45] are other examples
of educational games. The game described in [21] describes a
game based of questions. The most significant difference with
this games is that shopC has different rules, strategies and type
of competition. The work in [44] describes JGomas, which
simulates a 3D world. The students play in two groups, they
compete with the other group and cooperate with each other to
achieve the objective. In that game, there are not questions or
money and students compete modifying programing code,
which is another form of learning. In It-Adventures [45] apart
from other differences, groups of students compete among
them, the contrary of shopC, where the pupils compete
individually. Competition in groups might decrease bad
feelings among losers but individual competition enables e.g. a
more precise evaluation of each student individually as the
grade is not related to the whole group.

VI. EVALUATION

To evaluate this application and its design, quantitative and
qualitative methods have been applied. Next, there is a
description of the participants (first subsection), the
methodology applied (second subsection) and the obtained
results (third subsection).

A. Participants

The experience involved a total of 58 students at the High
School level divided in two different groups depending on the
timetable for each group of students. Although students were
of High School level, the students were adults (greater than 18
age years old) because the school where the experience took
place is a special one for education of adults who were not able
to obtain the High School level before.

The selected subject was Technology within the scientific-
technological scope.

It is also important to note that adults enrolled in High
Schools centers have a lack of digital competences in general.

Two teachers of the Technology subject at High School
were in charge of designing the challenge to tackle with game
and create the required educational resources, i.e. the set of
questions to be embedded in the shopC educational game.

B.  Methodology

The selected didactic unit for the experiment was related to
the process of resolution of technological problems. This
didactic unit has a total of 9 sessions, each one of one hour of
duration. During the first six sessions, students had theoretical
and practical activities about the technological process,
computer aid design or inventions. Sessions number 7 and 8
were devoted to the interaction with the shopC tool. This way,
students had already covered all the topics about the resolution
of technological problems and should be in a position to be
able to solve the proposed exercises within the tool. Finally,
session number 9 is for the global evaluation without the
shopC tool.

At the end of session 8 (when the interaction with the
shopC finished), students had to fill in a survey about the
game. In addition, teachers observed the experience and asked
for students opinions in order to have an additional qualitative
evaluation. The survey is designed to cover the three different
parts of the design principles of the educational game
(motivation, learning and gaming) so that these three
components can be evaluated. Table 2 shows the different
survey questions related to the different three categories.

The total number of questions designed by teachers to be
used in shopC was 100. Each time that a student falls into a
square and has to answer a question, the question is selected
completely randomly, so students can repeat some questions.
The total number of questions that a student answers during a
game depends on the number of squares the student falls in
during the match. This depends on when the game ends, which
is established by the first student who run out of money or
arrives to the end of the total number of turns.

Based on pedagogical reasons, students competed in pairs
of two, and each pair was sitted in the same computer. This
way, the number of players in each computer is two and there
is a guarantee that the game is fair, because other way (with
more than two players in a game), a student might go bankrupt
enabling another friend to win but there might be another
classmate with better perspectives to win (e.g more properties).



C. Results and Discussion

At the end of the interaction with shopC, students had to
rate from 1 (strongly disagree) to 5 (strongly agree) the
questions of table 2 about the shopC game tool. The survey
questions include the three different dimensions of design of
the tool as we want to evaluate these three different dimensions
(motivation, learning, gaming). The mean, and standard
deviation of students answering each survey question (N=58) is
shown in table 2.

TABLE II. SURVEY QUESTIONS AND RESULTS (N=58 FOR ALL THE
QUESTIONS)
Design Statements Mean Std.
principles dev.
Motivation
The use of this game has increased 3.55 1.029
my motivation and interest for the
course
I would like to repeat this 4.02 1.304
experience

Learning
I have had the impression that this 4.07 1.057
game complements or help to
improve my knowledge, skills and
experience.
I think I can learn more with this 4.02 0.982
game than with a traditional system
of questions with a piece of paper

Gaming
I like the objectives, rules and 3.83 1.142
philosophy of the game
It has been easy to understand the 4.38 0.988
different functionality of the game

General
The tool has a nice interface 3.81 1.162
I liked the game used 3.98 1.132

The fact that students want to repeat the experience with
shopC might be an indicator that students felt motivated with
the game. The motivation of the students with the game is
reinforced strongly with the qualitative students’ opinions
based on interviews. The students’ answers in these interviews
state that learning by playing with shopC is more motivating
because the class sessions are more funny and enjoyable.
Moreover, students pointed out that playing with other
classmates enables a challenge in which they want to play
better than their classmates, so they increase their effort and
motivation. However, this motivation with the game is not
directly reflected in motivation with the course. A mean of
3.55 of increase of motivation and interest due to the game is
obtained. Although there is a moderate increase of motivation
for the course for students, the general motivation with the
shopC game might be better but this is not directly reflected in
increase of motivation towards the course (the later was asked
in the survey). This might also be because the activity is only
done for one didactic unit but not for all the didactic units of
the course, so the activity is very specific but the survey
question was related to the general course.

Regarding the learning dimension, it is clear from the
survey results that the game has a positive effect in students’

perception about their learning. This effect does not seem to
only rely on their active participation in the question & answer
activity and the instructional design of the questions, but also
on the repetition of questions (and the derived reflection) and
game mechanisms. Students think that they can learn more
with this game rather than with a traditional questions/answer
system in a piece of paper. Therefore, it was a success the
introduction of this game in the classroom instead of a
traditional session of learning exercises to be solved in a piece
of paper.

The gaming design was also positive as revealed by the two
survey questions. Students liked the different gaming
functionalities of the game and felt that they were easy to use.

The application of the qualitative analysis reinforces the
positive results over these three dimensions of the design. The
interviews with students reveals that students had fun,
entertaining and were motivated with the game (motivation
dimension), students learnt (learning dimension), the interfaces
are nice, rules are logical and simple (gaming dimension).
However, students requested for more complex rules, the
inclusion of more dices or more cards. They would also like
music and animations and think these things would make the
game more entertaining and motivating. Therefore, these are
some identified functionality to improve the game in the future.

All in all, we can say that based on the evaluation, the three
dimensions of the design of the game were appropriate.
Therefore, we achieved a well balance between motivation,
learning and gaming for the shopC game, achieving a good
adaptation of the traditional Monopoly game for the learning
area. This is also reflected in the general evaluation of the
game in which students stated that they like the game.

VII. CONCLUSIONS

The use of computer games for educational purposes is an
important aspect that can improve the learning process. An
important issue is how to adapt well established traditional
games within the learning process using computer based
educational games. There are many ways to adapt a game for
making it an educational one. Existing design theories and
pedagogical foundations should be used to convert a traditional
game into an educational one.

In order to make the adaptation of traditional games into
computer based educational ones, this work proposes to follow
the three design dimensions (motivation, learning, gaming)
found in [20] as a result of the analysis of different works of
the state of the art, and adapt their related features with our
own ideas and additional related works such as [12]. We show
how to adapt the traditional Monopoly game to a computer
based educational game (shopC) following these three design
principles.

The shopC game has been successfully implemented and
tested with students. We show the different screens, rules,
inserted learning questions, etc. of the game. The adaptation of
the game followed the motivation, learning and gaming design
principles. Sometimes, some design principles are opposite
(e.g. for learning or gaming) but a trade-of is necessary for the



decisions and we have tried to make the different decisions so
that the three dimensions can obtain a benefit.

The shopC game has been evaluated with more than 50
students in a pilot experience in High School with very positive
results. There was a high satisfaction of students and the results
regarding the three different dimensions (motivation, learning
and gaming) were very positive. This means that the
introduction of the shopC game can be of benefit for the
learning process as well as motivating and having good gaming
rules.

However, there is room for improvement, for example
taking into account students’ comments to make the rules of
the game more complex. One of the interesting future research
directions is the comparison of this game with other game tools
for education to know which of them are more valuable for
students.
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