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Abstract—The last decade, researchers and educators have
shown particular interest for the use of educational video
games in mathematics education, in an effort to provide
educational character to entertainment. In this paper we
represent some of the most representative studies which
evaluate the effects of video games on mathematics
achievement as well as the improvement of memory, atten-
tion and cognitive skills. As indicated by the studies, video
games may constitute useful tools in mathematics education
as they support children’s comprehension on fundamental
concepts, but also motivate them to see positively the course
of mathematics.

Index Terms—Game based learning, educational video
games, mathematics, cognitive skills, online math games.

L INTRODUCTION

Recent research on mathematics education shows that
students face difficulty in understanding mathematical
concepts and to develop logical thinking and strategy to
deal with math problems. It is required from teachers to
implement teaching which will result in the development
of critical mathematical thinking by students, rather than a
sterile assimilation of mathematical formulas. In an at-
tempt to analyze what makes it difficult to learn mathe-
matical concepts and skills, we consider straightly in-
volved attention problems, cognitive-processing problems,
auditory problems, memory problems and metacognitive
deficits [14].

Students develop rapidly and differentiate their habits
by far from the previous. From kindergarten now they use
computers, cell phones, digital music players and of
course video games. Video games constitute useful tools,
as children learn from an early age how to follow specific
strategies to achieve their object. Furthermore the frequent
engagement with video games contribute to the improve-
ment of visual attention as the user is concerned with
different things at the same time [17]. Considerations that
video games grow antisocial and obese children are in-
creasingly discarded. Instead video games seem to con-
tribute to socialization through collaborative playing.
Players learn to think critically and solve problems
through trial and error [3]. At the same time, video games
give the users the opportunity for experiential learning as
within the acts and experiences gained, they broaden their
knowledge and they get familiar with new environments
and situations.

Therefore educators nowadays should be consistent
with the children’s interest and integrate into the education
system modern teaching methods which motivate students
more than ordinary classroom instruction [30]. Video
games are also convenient in enhancing students’ motiva-
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tion and learning progress, as they enrich their experiences
[24].

The last decade researchers show increasing interest
towards using video games in mathematics education, as
well as development of new educational math video
games. Although, designing an educational game is a
complex issue, as requires the combination of entertain-
ment and education. Most educational video games fail to
be amusing and attractive to children [39].

In this paper we analyze the effects of playing video
games in students’ mathematics achievement, their auxil-
iary role in the teaching of mathematics in the classroom,
as well as their impact in the improvement of students’
visual attention, working memory and cognitive skills,
representing some of the most representative articles pub-
lished during the last decade. Here are presented online
video games, computer-based video games and video
games which are available on handheld game consoles or
mobile devices.

Video-game-based learning has positive effect on stu-
dents’ mathematical skills? Can video games improve
students’ cognitive and mental skills? Can educational
games enhance students’ attitudes towards mathematics
course? Answering these questions would contribute to
the integration of video games in teaching mathematics
inside or outside the classroom as well as motivate re-
searchers for further development of educational math
games.

II.  VIDEO GAMES CAN CHANGE THE BRAIN

A. Memory, Attention and Executive Control.

Working memory and long-term memory both could be
affected by the use of video games. As long-term memory
is meant the ability to store information for long time,
while working memory is the ability to store temporary
information for current management [35].

Children with mathematical disabilities are usually
linked to poor working memory. Working memory seems
to be directly related to students’ mathematics achieve-
ment, as well as its two subsystems, the phonological loop
and the visuospatial sketchpad which are used for passive
information storage [11]. Furthermore students who have
trouble in maintaining their attention for a sufficient peri-
od of time, face difficulties in mathematics as they find it
hard to follow concrete steps and easily fall into errors.

Boot et al examined the effects of video game playing,
on attention, memory and executive control. Twenty one
pupils, eleven expert video game players, in games such
as Halo, Grand Theft Auto and Unreal Tournament, and
ten non-video-game players participated in their study.
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The researchers used visual and attentional tasks, short
memory tasks and executive control and reasoning tasks
to find out whether there are differences between people
who play video games frequently and those who don’t.
The results showed that video game experts outbalanced
non-video-gamers in most tasks. Video game training
seems to be a promising way for entertaining perceptual,
attentional and cognitive abilities improvement [5].

Dye, Green and Bavelier in 2009 suggested that action
video games could develop attention skills. A total of 131
students participated in their study, 56 video games play-
ers and 75 non-video games players. All participants were
asked to take the Attentional Network Test ( ANT) in
order to measure their attention skills. Analysis of the tests
showed that playing action video games speeded pro-
cessing of visual information and improved attention skills
of the players. Furthermore, there was no significant dif-
ference between gamers and non-gamers on how they use
a valid spatial cue to allocate their attention [15].

B. Cognitive Skills.

In 2013 Adam Oei and Michael Patterson examined
how video games can enhance students’ cognition. In their
study participated 75 undergraduates from Nanyang
Technological University in Singapore. Participants used
their iPhone or iPod Touch to download one of the pro-
posed training games: three non-action video games (Hid-
den-object game, Memory Matrix 1.0, Match-3and The
Sims 3) and one action video game (Modern Combat:
Sandstorm). The intervention lasted four weeks in which
participants played the games one hour pre day for 5 days
a week. All students were asked to complete four comput-
erized cognitive tasks before and after the intervention.
The results showed that playing non-action games en-
hanced students’ cognitive performance just as action
game-playing [25].

C. Mental Rotation Skills.

Isabelle Cherney (2008) investigated how 3D and 2D
computer game practice can improve mental rotation
skills. Sixty one colleagues from a US Midwestern private
university participated in her study. The participants
trained on 3D Antz racing, a racing computer game and
2D Tetrus, a computer version of the puzzle type game
Tetris. 2D Card Rotation Test (CRT) and 3D VMRT were
used as pre and post tests for data collection. The results
of the study confirmed that a very short practice in com-
puter game play does improve performance on mental
rotation measures as well as there is a negative relation-
ship between anxiety levels and performance on the men-
tal rotation tests [8].

III. ONLINE VIDEO GAMES

A. Educational Math Games.

In 2007 Fengfeng Ke and Barbara Grabowski examined
the effects of gameplaying on 5th grade students’ math
performance and attitudes. One hundred twenty five stu-
dents from six public schools in Pensylvania practiced in
this study. Astra Eagle, a range of web-based computer
math games was used. The participants were randomly
divided into three experimental groups: 1.Teams-Games-
Tournament (TGT) cooperative group, 2.Competitive
gameplaying group and 3.no-gaming group. The students
practiced in these groups for four weeks and took a multi-
ple-choice Game Skills Arithmetic Test (GSAT) as post-
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test in order to measure their math skills, including addi-
tion, subtraction, quantities’ comparison and points’ locat-
ing. According to the analysis’ results, students who prac-
ticed in gaming groups benefited more than those in no-
gaming group, as well as cooperative groups’participants
achieved greater math performance than the others
[19,20].

Harris’ study in 2008 investigated how playing video
games could affect student collaboration on complex logic
problems. During the intervention 34 primary school stu-
dents divided into pairs played The logical journey of
Zoombinis a problem solving computer game. Research-
ers remarked that collaboration while playing the educa-
tional computer game may have positive consequences on
mastery and performance goals of the children [18].

Bakker et al (2015) investigated the effects of playing
mathematics computer games on primary school students’
multiplicative reasoning ability. 719 students (Grade 2 and
Grade e) from 66 schools participated in a 10 week inter-
vention program. They used adaptive versions of multipli-
cative mini games from a Dutch mathematics games web-
site Rekenweb. Three dependent measures were used to
assess the students’ learning of multiplicative reasoning
(the knowledge test, the skills test and the insight test) as
well as a general mathematics ability test. Their findings
revealed that mini games could improve students’ proce-
dural and conceptual knowledge [4].

B. Adventure Games.

Rodrigo’s study in 2010 evaluated the cognitive affec-
tive states of 164 7th grade Philipino students (average
age 12,8 years) as they used a pre-algebra video game.
Participants were asked to play Math Blaster 9-12, an
online adventure game. According to the game’s concept,
a galactic commander is stranded on a planet of monkeys.
In order to escape the player has to join in pre-algebra
games, which require additions, subtractions, multiplica-
tions or divisions of whole numbers or decimals. Eight
master’s students in education or computer science con-
ducted the observation team. Observers recorded the stu-
dents’ cognitive-affective state, including boredom, con-
fusion, delight, engagement, frustration, surprise and neu-
tral state. Consistent with the observations recorded, the
game, as many other educational games, failed to prevent
boredom, as most of the participants found it very simple.
Researchers suggested that educational games should be
more competitive in the future [31].

Valente and Marchetti (2012) presented a prototype of
Prime Slaughter, a 2D action adventure game for playful
math learning, targeted to primary and early secondary
school children. The player can explore the six levels of
the game through various doors. The goal of the game is
to kill as many number-monsters as possible, in order to
collect points by answering mathematical questions. If the
answer is wrong, the character loses energy. The game
provides a framework to learn mathematical concepts and
operations like division, multiplication, factorization and
primality [37,38].

C. Simulation Games.

In 2010 Irene Polycarpou et al developed Math-City, a
simulation-based educational game, which could improve
K-12 students’ achievement in mathematics. The game
provides a city simulation environment where users have
to earn money to build roads, houses, hospitals, police
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departments and fire stations, as in real life. The player
begins with a small amount of money and can earn more
by answering mathematics questions, which include frac-
tions’ addition and subtraction, multiplication and divi-
sion, and problem solving. Ten mathematics teachers
tested the game and answered a questionnaire in a pilot
study. The feedback from the teachers was encouraging
and motivated researchers for further improvement of the
educational game in the future [29]. Collaborative Math
City, which uses a networked collaborative environment,
extends the Math City and allows students’ to work to-
gether and communicate via text, voice or video [36].

One year later Pareto et al presented a teachable-agent
arithmetic game and evaluated the game’s effects on stu-
dents’ performance in mathematics, attitude and self effi-
cacy. This educational game was designed to train basic
arithmetic skills through an animated simulation environ-
ment. Players had to act arithmetic operations, packing
and unpacking animated squares. In the study got involved
five 3rd grade and four Sth grade classes from different
schools of Sweden with a total of 153 students. Each one
of the participants who played the arithmetic game for 9
weeks, 40 minutes per week, completed pre and post tests
that included arithmetic problems, questions on students’
attitudes towards mathematics and questions addressing
math self efficacy. The results, confirming the research
hypotheses, showed that the game improved students’
conceptual arithmetic understanding and enhanced stu-
dents’ confidence, however playing the game did not
improve students’ attitudes towards mathematics [27].

IV. MOBILE VIDEO GAMES

Shin et al (2006) developed a four month period study
during the spring semester of 2005, to investigate the
effects of handheld gaming on student learning in mathe-
matics. In the study participated 50 2nd grade students
from an elementary school in Midwest. The material used
was Skills Arena, an educational GameBoy game pro-
gram, designed to teach students about basic arithmetic
skills. The game was structured in six speed levels, from
easy to difficult, using cartoon characters. Users could
receive immediate feedback for their answers. Researchers
placed participants in three groups. 1.Handheld Game
Group, consisted of 20 students, who trained on Skills
Arena software program for 15 minutes, five days per
week, for 13 weeks. 2.Card Game Group, consisted of 21
students who used flash fact cards, which are triangle
shapes with one number in each angle, for 5 weeks, and
the remaining weeks they practiced using Skills Arena.
3.Delayed Handheld Group, consisted of 9 students,
trained on Skills Arena for the last 8 weeks of the project.
The results of the study revealed that the handheld game
activity in the classroom could improve arithmetic skills,
especially on low ability students [34].

Rosas et al (2003) presented a study whose main goal
was to evaluate the effects of the educational video games
into the classroom, on basic mathematics and reading
comprehension. The software contained five programs
(Magalu, Hermes, Tiki-Tiki, Roli and Hangman), running
on Nintento’s Gameboy. In this study participated 1274
students, attending 1st and 2nd grade and 30 teachers, of 6
schools in Santiago de Chile. Students were divided and
placed in three groups: Experimental group, with 758
students in 19 classes, who played video games 20-40
minutes daily, Internal Control group, with 347 partici-
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pants in 9 classes in the same schools as the experimental
group, and External Control group with 169 students in
different schools. According to the researchers and teach-
ers, the use of video games in classroom, motivated the
students’ attendance and punctuality, and increased their
concentration and attention [32].

Diah, Ehsan and Ismail proposed an alternative mobile
educational game. They designed MathRush a construc-
tivism-based game which could be used to support prima-
ry school mathematics; learning outside the classroom.
The game includes all the necessary features that should
have a video game in order to stimulate children’s interest,
such as goals, rules, competition, challenge, fantasy and
entertainment. Users have to respond as soon as possible a
series of questions based on basic mathematical opera-
tions, like addition, subtraction, division and multiplica-
tion. This video game has been developed to provide an
unexpected learning experience and could be a useful
auxiliary educational tool in mathematics learning [13].

In their study (2009) Main and O’Rourke compared the
use of handheld game consoles with traditional methods
of teaching in development of mental math skills. Fifty
nine students from 2 schools in the Perth metropolitan
area in Australia, participated in the study, placed in 2
groups. Students in the experimental group trained with
Dr Kawashima’s Brain Training game on Nintendo DS
while students in the control group maintained their usual
program in mental mathematics. The One Minute Test of
Basic Number Facts, developed by Westwood in 1987,
was used to measure students’ numeracy skills before and
after the 10 week intervention. In addition to the control
group, students of the HGC group showed significant
improvement on their math performance and self-concept
[23].

V. COMPUTER VIDEO GAMES

A. Teachers’ perspectives about computer game-based
learning in mathematics

In 2010 Muhammet Demirbilek and Susan Lema Tamer
conducted a qualitative research in order to investigate
math teachers’ perspectives on using educational comput-
er games in math education. Semi-structured interviews
were used to collect data from thirteen math teachers in
Turkey. Teachers expressed their concern about the risk of
losing the class control, caused by computer game playing
in lessons. While some teachers believed that educational
math games could be a useful tool in math teaching, other
teachers claimed that using games in math teaching is not
appropriate. In addition, teachers agreed that there is need
of appropriate hardware infrastructure in the schools in
order to include computer games into the educational
process. Most of the teachers maintained that computer
math games could improve ustudents’ creativity as well as
their comprehension of math concepts [12].

B. Students’ attitudes towards computer game-based
learning in mathematics

Serkan Cankaya and Aysen Karamete (2009) investi-
gated the differences of attitudes of 176 7™ grade primary
school students from Balikesir, Turkey, towards mathe-
matics course and educational computer games. Partici-
pants played two educational computer math games, Pro-
portional Tetris and Proportional Clown, developed from
the researchers for the survey. The results of the survey
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revealed that students who had positive attitudes towards
mathematics course, had also positive attitudes towards
educational computer games [6].

In the same year, Serkan Costu, Serhat Aydin and
Mehmet Filiz revealed the students’ views about browser-
game-based learmng in mathematics education. For this
purpose sixteen 6™ to 8™ grade students in a primary
school in Trabzon interviewed on their conceptions about
the educational game TTNetVitamin. Students expressed
that the game motivated their interest about the course of
mathematics which sometimes was really boring and
helped them understand the subjects. In contrast some
students found the game useless and claimed that other
games like chess would bring better results [10].

In 2012 Afari et al investigated whether the use of
mathematics games into college-level mathematics classes
in the United Arab Emirates could improve students’
attitudes towards of mathematics as well as their academic
efficacy. In their study participated 352 students from
three Arab colleges. Students were given questionnaires,
designed by researchers to measure students’ perceptions
on the learning environment, after a six-week period
game-based learning interaction. Participants enjoyed
their mathematics lessons during the experiment and felt
confidence in their academic competence [1].

C. Simulation Games

Sampson and Panoutsopoulos (2012) utilized digital
game-based learning for the achievement of standard
curriculum Mathematics educational objectives. The game
used in this study was Sims 2-Open for Business, a com-
mercial business simulation game, in which users operate
within the labor market, as managers of their own busi-
ness. Players learn this way to operate in difficult situa-
tions and develop specific strategies for problem-solving.
The subject matter educational objectives in the study
referred to linear functions. Participants admitted that the
use of the game had positive effect on understanding real-
world situations. Although, students who trained on digital
game educational activities achieved no different results
on math performance with those who did not [33].

D. Role-Playing Games.

Ahmad, Shafie and Latif (2010) developed Math Quest,
role playing game for learning mathematics. Math Quest
is an interactive computer game based on the mathematics
curriculum for the primary schools in Malaysia. The play-
er has to protect his civilization from the enemy’s attacks
by answering random mathematics questions. Six teachers
were given a demo during a heuristic evaluation of the
game and subsequently they answered a questionnaire in
order to identify any usability problems. As the teachers’
feedback was supportive, the next target for the research-
ers is to extend the game to multi players [2].

One year later, Chen et al developed and presented My
Pet My Quest, a game-based learning system for mathe-
matics learning support. The system, which was designed
for elementary students, allows math learning into a pet-
nurturing game, including conceptual understanding,
computational fluency and problem solving activities. In
My Pet My Quest, children have to take care of their pets,
satisfy thelr needs and provide them a happy life. Flfty
three 4" grade elementary school students participated in
an experimental study, with a view to evaluate the effects
of the game on students’ subject learning in terms of per-
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ception of enjoyment and goal-pursuing. The results
showed that the game had positive consequence on ele-
mentary students, as it connects directly game goals with
learning goals [7].

In 2013 Michail Giannakos proposed Gem-Game, a
game designed to improve mathematical skills of players.
The mission of the main character of the game, Peter is to
find his dog who has been kidnapped. Peter has to collect
diamonds through different trials to pay the kidnapper.
Giannakos conducted a study in order to investigate the
differences in learning performance among game-based
learning and traditional instruction. Twenty middle school
students (13 years old) constituted the game group, while
twenty one students the traditional instruction group. All
participants followed the same course syllabus and had
similar performance in mathematics. For four weeks stu-
dents practiced on educational games which had the same
technology as Gem-Game and on traditional instruction
respectively. After that all participants were given a test to
measure their performance. According to the research
findings, students who trained in the game group per-
formed equally well with the students who trained on an
interactive way of learning [16].

E. Strategy Games

In 2008 Kebritchi, Hirumi and Bai evaluated the effects
of math computer games on students’ math achievement
and motivation in a public high school in the southeast
United States. In the study participated 981 Algebra and
pre-Algebra math students divided into experimental con-
trol groups and 10 math teachers. The treatment included
2 single player math video games, Evolver and Dimen-
xian, and a set of 3 multiplayer strategy math video
games, Swarm, Obstracle Course and Meltdown. Students
in the experimental groups scored remarkably higher on
the math performance post-test than those in the control
group. According to the teachers’ and students’ inter-
views, math video games had positive effect on students;
motivation in the classroom. Finally the results revealed
that playing math video games could be more essential on
students’ cognitive gains than traditional classroom inter-
action [21].

Tsung-Yen Chuang and Wei-Tan chen in 2009 investi-
gated the effect of computer—based video games on chil-
dren’s cognitive processes in Tainan city, Taiwan. One
hundred and eight 3™ grade students, divided in two
groups, practiced on a computer-assisted instruction and
Fire Captain, a 3D strategy game. Subsequently, all par-
ticipants were asked to take a quiz in order to access their
learning achievements. According to the findings, com-
puter-based video game playing can improve children’s
fact recall processes as well as promote problem solving
skills by recognizing multiple solutions [9].

F. Educational Games.

In 2013 Chun- Hung Lin proposed a game-based learn-
ing interaction for 6™ grade students. They used a digital
version of the popular game Monopoly and instructional
videos as remedial teaching tools. In this educational
game, each location on the gameplay map corresponds to
a question category, including multiple choice and open-
ended items. The learning content of Monopoly game in
this study was the area of circle (area, sectors, central
angles, etc.). Each time player answers incorrectly, an
instructional video about the corresponding topic is acti-
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vated. The use of the game and the instructional videos
both had positive effect on the enhancement of mastery
learning and mathematics performance [22].

Plass and O’Keefe (2013) investigated the impacts of
an educational mathematics video game on middle school
students’ learning, performance and motivation. Factor
Reactor is a PC game, designed to train arithmetic skills.
Player has to collect as many rings as possible, solving
problems based on simple arithmetic operations. Fifty
eight 6™, 7™ and 8" grade students were randomly as-
signed to individual, competitive and collaborative group.
As the results revealed, competition and collaboration
generated students’ interest more than in the individual
group and motivated them to rich high score. Players’
math fluency scores had improved overall from pre to post
tests, although it is possible that participants improved
their game-playing skills rather than their arithmetic skills
[28].

Panagiotakopoulos’ conceptual mini game (2010) was
designed to improve students’ skills in simple mathemati-
cal operations. Playing with numbers (PwN) is an educa-
tional computer game for mathematics. Thirty three 5™
grade primary schools students played the game for a total
of one hour and gave feedback through a questionnaire.
The educational content of the game includes additions
with integers or decimals and multiplication of integers.
The game is attractive to use, as it creates competition
among the children to achieve a high score. The study’s
findings showed that the educational game promotes fast
calculation and provides motivation to the children for
learning maths [26].

VL

The purpose of this study was to examine the most rep-
resentative studies over the last decade, which investigat-
ed the contribution of video games or educational video
games in mathematics education. Video game-based
learning seems to have positive effect on students’ math-
ematical skills, as well on students’ cognitive and mental
skills. At the same time, educational math video games
could motivate students’ towards the course of mathemat-
ics. As revealed by surveys, video games could constitute
useful auxiliary learning tools, in order to build an innova-
tive teaching model. However, further investigation is
required on the educational content that video games af-
ford, as well as the feasibility on their utilization in the
classroom.

CONCLUSIONS
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