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Abstract. One of the most important goals of teaching mathemat-
ics that needs to be taken into account is to stimulate interest in and love
for mathematics. A number of studies have confirmed that the introduc-
tion of different types of educational games in mathematics education
increases student interest in mathematics and has a positive impact
on student achievement in different fields of mathematics. Through
well-designed games that are implemented correctly in mathematics
classes students acquire knowledge in a new and more interesting way
and develop a positive attitude towards mathematics, which represents
the greatest value and one of the basic goals of teaching mathematics.
The aim of this paper is to investigate the frequency of using mathe-
matical games in mathematics revision classes in the lower grades of
primary school (the first cycle) and to learn about the types of games
teachers use when teaching mathematics, including computer games in
mathematics classes.
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1. Introduction

Mathematics is a game played according to certain simple rules with meaningless
marks on paper.

David Hilbert

One of the important factors that any teacher must take into account is student
interest in the subject. Increasing interest in learning mathematics can be achieved
in various ways. One of the ways is to integrate educational games into teaching
mathematics. Contemporary educational theory emphasizes the need for engag-
ing students in learning activities and considers the integration of games into the
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mathematics classroom to be an inevitable activity at the present day. A large body
of research deals with multiple benefits this form of activity employed in teach-
ing mathematics results in. Teaching mathematics, especially in the early years
of schooling, can be successful only if students find it interesting, inspirational,
stimulating, and adapted to their mental age. Most students in their lower grades
of primary school fail to keep their attention for a long time and sometimes they
can’t even sit still. They need action, and this action implies frequent change of
activities and the introduction of new methods, forms of teaching, as well as differ-
ent teaching resources and aids. Therefore the introduction of educational games
in mathematics classes represents an interesting activity to students.

Playing games has long been a natural human activity in leisure time. The
presence of games dates back thousands of years. Many ancient objects have been
found that were used while playing games. The oldest games were probably racing
games and strength games. The rules of these games have not been preserved.
Much evidence supports the existence of dice games. To the extent that playing
games is the natural instinct of all people, game analysis is the natural instinct of
mathematicians. Who should win? What is the best move? What are the odds for
a particular random event? How long does a game last? When we solve a riddle,
are there any standard techniques that help us find a solution? These are the natural
issues of mathematical interest (Beasley, 1990).

2. Literature review

As an inevitable part of class, games play an important role, especially in the lower
grades of primary school.

Student motivation increases, they easily accept activities and thus change their
attitudes toward mathematics. When participating in mathematical games, students
talk about moves, discuss correctness of answers and use different strategies. In
this way, mathematical games get students to debate both with each other and with
teachers (Ernest, 1986). Pasek, Golinkoff and Eyer (2003) point out that much of
what we teach has little impact on our students’ real lives. The role of a teacher
is to put learning into context. It makes learning fun and releases natural curiosity
and creativity among students. The best and the only way to do this is through
play. The aforementioned authors believe that learning in context is the best way
of learning and that the game is the best teacher. They emphasize the equality
PLAYING = LEARNING.

Oldfield (1991) gives the definition of a mathematical game as an activity
which:
— involves a challenge, usually against one or more opponents,
— is governed by a set of rules and has a clear underlying structure,
— normally has a distinct finishing point,
— has specific mathematical cognitive objectives.
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Through the application of various games in teaching mathematics, students
learn about themselves, their capabilities, their abilities, they develop tolerance,
self-confidence, imagination, creativity, increase attention, gain positive experi-
ence, become more responsible, develop their thinking, cooperate with each other,
get acquainted, relax, and reduce test anxiety. Games are a natural way to learn.
Games help children learn to concentrate, exercise visualization, try out ideas,
practice adult behavior, and develop control over their own world Marzollo and
Lloyd (as cited in Sharma, 2001).

In his paper, Vankúš (2008) analyzes the following four main parts of educa-
tional games:
— milieu of the game,
— goals of the game,
— teacher and student activities, which are determined by the rules of the game,
— final evaluation.

He says that the interaction between pupils and milieu of an educational game
should motivate students to work. This work actually leads to the realization of
educational goals of the game. These goals determine the form of the game. Edu-
cational games have a value only if they enable us to reach these educational goals.
The activities of teachers and students in the game are determined by the rules, and
they should be attractive and motivating for students. Activities should be tailored
to students’ ages, abilities and interests. The rules of the game determine the form
and organization of student work in the game. Final evaluation verifies whether
the goals of the game have been achieved and students should be rewarded and
motivated for other activities.

Using educational games in the education of students has a long tradition. Pu-
los and Sneider (1994, as cited in Vankúš, 2008) found out that when educational
games are properly selected, they help students learn new mathematical concepts
and adopt skills. In their paper Krejčová and Volfová (1994, as cited in Vankuš,
2008) highlighted the great value of the game as a vital part of education. The
authors concluded that inclusion of educational games in teaching increases the
overall student interest in mathematics and thus promotes their active participation.
Olson (2007) points out that good games are interesting and create opportunities
for students to explore mathematical ideas. The introduction of games encourages
students to explore important mathematical concepts. In his opinion, a framework
that consists of the three Ps (i.e., plan, play, and please be patient) provides a guide-
line on how we should consider a game’s potential for exploring mathematical ideas
with students and introducing rich classroom discussion.

The increasing use of information and communication technologies in every-
day life and school implies the introduction of computer games. In general students
learning mathematics with the use of computer technology, compared to those with-
out computer technology, had higher mathematics achievement (Li and Ma, 2011).
Shih and Hsu (2016) argue that the use of computer games in learning can motivate
students more than just traditional learning. Van den Heuvel-Panhuizen, Kolovou
and Robitzsch (2013) conducted research on the impact of a dynamic online game
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on developing the ability of students in primary grades to solve algebraic problems
and found out that the online game contributed to the student’s early algebraic
performance.

An important feature of introducing mathematical games in the process of
teaching mathematics was given by Holton, Ahmed, Williams and Hill (2010):
“One of the other advantages of mathematical play situations is that students can
take part at their own level and build on their individual knowledge and understand-
ing. It also enables students to make errors in a supportive environment. It would
seem that to achieve a high level of understanding it is as valuable to know that
certain things will not work and why they will not work, as it is to know positive
results. This certainly appears to be the way we construct our own internal map of
a new city. By taking wrong turns and seeing where we end up we achieve a better
concept of the layout of the city. In this way, through play and exploration over a
larger area than is actually required to solve a particular problem, we provide the
foundation for further learning.” Juričić Devčić (2011) describes the use of educa-
tional games in the teaching of mathematics and states that games can be used to
revise mathematical contents, train and drill mathematical actions. Creativity and
innovativeness of the teacher stand out when designing and implementing games,
as emphasized by Basta and Mesić (2011), who give an overview of educational
games that are most commonly used in teaching mathematics and point to class
teachers’ teaching attitudes towards the use of games in the process of teaching
mathematics.

So, even though the introduction of games is not a new idea in the educational
process, it still causes great attention. Given all the benefits brought by the in-
troduction of games in mathematics classes, which are the topics of many studies
and research, the goal of this paper is to determine the extent to which games are
represented in mathematics classes in the lower grades of primary school.

3. Research questions and methodology

In this research, we focused on the representation of educational games in the teach-
ing of mathematics, and the types of games that teachers use, including computer
games. Specifically, we tried to answer the following questions:

1) How often do primary school class teachers apply educational games in the
teaching of mathematics, especially for the purpose of revision?

2) Which games are most frequently used in mathematics classes?
3) Are there any differences in the use of games with regard to the teacher’s

professional qualifications/degree?
4) Do teachers use computer games in mathematics classes and which computer

games do they use?

Data was collected by an anonymous questionnaire. The questionnaire con-
tains 21 questions, 7 of which are open-ended, and the remaining 14 are closed-
ended questions. The research was conducted in primary schools in the towns of
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Vinkovci and Osijek and in suburban schools in 2017. 100 primary school teachers
participated in the research. All teachers were female. The sample was random.
Figure 1 shows respondents’ work experience (in years).
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Figure 1. Structure of the sample with regard to respondents’
work experience and qualifications.

4. Results

Through the collected data, we came upwith the following results that were grouped
according to the nature of the questions asked.

a) Professional development

As to their participation in professional meetings, 80 % and 20 % of teachers
said that they often and sometimes participate in professional meetings, respec-
tively.

b) The most popular teaching subject

30 % of the total number of the teachers surveyed opted for Mathematics as
their favorite subject for teaching. 38 % of the teachers surveyed were in favor of
the Croatian Language, while 27 % selected Science and Social Studies. Finally,
5 % of the teachers surveyed opted for other subjects. Additional mathematics
classes are held by 74 % of the teachers surveyed.

c) Literature for preparing classes

89 % of the teachers surveyed use additional mathematics literature to prepare
their classes. Of all teachers who use additional literature to prepare their Mathe-
matics classes, 79 % use various Internet sources. 28 % and 7 % of them use Matka
journal and additional class handouts and worksheets, respectively. Alternative
textbooks, workbooks and task collections are used by 8 % of teachers. The journal
Mathematics and School is used by 5 % of respondents.

d) Frequency of using games in mathematics classes
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In their mathematics classes, 59 % of teachers use games 1–3 times per one
teaching unit, and 34 % of respondents use games 4–6 times.

e) Using mathematical games with respect to part of the lesson

40 % of the teachers surveyed said that most frequently they use games in
the introductory part of their mathematics classes. 45 % of teachers use games at
the end of their classes. Only 5 % of teachers said that they mostly use games
during their classes. 11 % of the teachers surveyed most frequently use games
at the beginning and at the end of their mathematics classes. Note that 96 % of
respondents stated that mathematical games are more frequently used in arithmetic.

f) Frequency of using games in mathematics revision classes with respect to
respondents’ degrees and work experience

The data referring to the frequency of using games in mathematics revision
classes are shown in Figures 2 and 3. According to Figure 2, 81 % of teachers use
games always or often, with the majority represented by Master degree holders in
Primary Education and primary school teachers.
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Figure 2. The frequency of using games in mathematics classes
with respect to qualifications.
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Figure 3. The frequency of using educational games with respect to work experience.
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g) Types of games used in mathematics revision classes

Games that are most frequently used by mathematics teachers in their revision
classes are Memory (37 %), Napping (33 %), Bingo (32 %), Dice games (29 %),
and Quiz (17 %). Figure 4 gives the distribution of games with respect to respon-
dents’ qualifications. The teachers listed a total of 39 different games they use in
mathematics revision classes.
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Figure 4. The frequency of using games in mathematics revision classes
with respect to respondents’ qualifications.
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In terms of their efficiency in the educational process, the teachers believe
that Memory and Bingo (14 %) and Quiz and Dice games (10 %) are especially
effective.

Although there is an abundant amount of games that influence the development
of geometric thinking, geometry games are not mentioned by a large number of
teachers. “Rich and stimulating instruction in geometry can be provided through
playful activities with mosaics, such as pattern blocks or design tiles, with puzzles
like tangrams.” Van-Hiele (1999).

h) Favorite games for students

Figure 5 shows games that students, according to their teachers’ opinion, prefer
to play in mathematics revision classes. Other games were less frequently chosen.
The popularity of games among students is certainly an important factor in choos-
ing the games that teachers use in mathematics classes as these types of games that
students are fond of are also the top games used by teachers.
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Figure 5. Favorite games for students to play in mathematics revision classes.

i) Representation and types of computer games in mathematics classes

The following results on the use of computer games in the teaching of mathe-
matics were obtained with respect to teachers’ qualifications.

1) 78 % of Master degree holders in Primary Education have computer equip-
ment available for teaching, and 61 % of them use computer games in their
mathematics classes.

2) 82 % of primary school teachers have computer equipment available for
teaching, and 56 % of them use computer games in their mathematics
classes.
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3) 82 % of class teachers have computer equipment available for teaching,
and only 26 % of them use computer games in their mathematics classes.

Figure 6 shows the distribution of teachers using computer games by years of
age.
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Figure 6. Use of computer games by years of age.

Respondents mentioned that they use the following computer games: Know-
ledge quiz, Memory, Word association games, Plickers, The Odd Man Out Game,
Zondle, Wheel of Luck, games on “Petica”, Crossword Puzzles, Sudoku, Evalua-
tion Games, Gizmo Simulations, games from: https://www.matific.com/us/
en-us, https://wordwall.co.uk/, https://learningapps.org. One Mas-
ter degree holder in Primary Education mentioned the use of a “Web game that can
be independently formatted for any content dealt with in mathematics classes or in
any other subject”.

j) The effect of games on increasing students’ interest in learning mathematics
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Figure 7. Agreement with the statement: “Mathematics revision by means
of playing games increases students’ interest in learning mathematics.”

with respect to respondents’ qualifications.
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A 5-point Likert scale is used for assessing participants’ agreement with the
statement: “Mathematics revision by means of playing games increases students’
interest in learning mathematics.” The respondents marked their level of agree-
ment/disagreement on a five-point Likert type scale 1 (from 1: strongly disagree,
through 3: neither agree nor disagree, to 5: strongly agree).

5. Discussion and conclusion

The survey we conducted by means of a questionnaire administered to 100 primary
school teachers showed that 59 % of teachers use games one to three times per one
unit, whereas 34 % of them use games four or more times. Primary school teachers
usually use games at the beginning and at the end of their classes. Mathematics re-
vision games are used by 81 % of teachers, who increase the quality of the teaching
of mathematics by integrating educational games into their teaching so frequently.
Given the nature of mathematical content, games are much more represented in
arithmetic than in geometry. As there is a large number of mathematical games
influencing the development of geometric thinking and the transition to a higher
Van-Hiel’s level of geometric thinking, it would be convenient to familiarize the
teachers with the types of games and the good sides of using appropriate games
for the development of geometric thinking through various forms of professional
training. Primary school teachers and Master degree holders in Primary Education
list many games they use and a great number of games that have proved to be
particularly effective in the educational process. This result is likely to be a con-
sequence of teacher education, because in recent years special emphasis in modern
mathematics teaching is placed on creativity and the use of various educational
games in the teaching process.

Computer equipment in classrooms is satisfactory, but teachers rarely use com-
puter games. The results indicate that primary school teachers and Master degree
holders in PrimaryEducation who have access to computer equipment use computer
games in mathematics classes more frequently than class teachers. The reason for
this is probably more advanced computer education of primary school teachers and
Master degree holders in Primary Education, which allows for a more contemporary
approach to the teaching process and can provide students with more interesting
classes. However, the fact that nearly 40 % of Master degree holders in Primary
Education do not use computer games in their mathematics classes although IT
equipment is available to them, should be important for informatics and mathe-
matics teachers who should make students, i.e. future teachers, better acquainted
with the possibilities of using computer games in the classroom. Primary school
teachers and class teachers, of whom 44 % and 74 % do not use computer games in
their mathematics classes, respectively, although computer equipment is available,
should be offered additional training and education aimed at using ICT in teaching.
We have highlighted that numerous studies have shown that the use of computer
games contributes to increasing the level of adoption of mathematical content and
the development of task solving strategies. As today’s students spend a large part
of their free time playing computer games, including playing various online games,
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a major contribution would be to introduce students to interesting computer games
that affect deeper understanding and drilling of mathematical content. Such an im-
pact would also have a positive effect on increasing students’ interest in adopting
mathematical contents as well as on better utilization of time spent on computers.
As the role of a well-educated and motivated teacher is certainly fundamental in this
context, it might be of great benefit to introduce a course within the study program,
one of whose goals would be to introduce students to the types of computer games
useful for adopting mathematical content and practicing mathematics.

Most teachers argued that mathematics revision classes conducted by playing
games increase students’ interest in learning mathematics, and this should be the
biggest incentive for greater representation of educational games in the teaching of
mathematics as well as for the design of new ones.
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u osnovnoj školi
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Sažetak. Jedan od najvažnijih ciljeva nastave matematike o kojem
je nužno voditi računa je izazivanje interesa i pobudivanje ljubavi prema
matematičkim sadržajima. Nizom istraživanja potvrdeno je da uvodenja
različtih vrsta didaktičkih igara na nastavi matematike povećava kod
učenika interes prema matematici te ima pozitivan utjecaj na postignuća
učenika iz različitih područja matematike. Kroz dobro osmišljene i
provedene igru u nastavi matematike učenici uče na nov i zanimljiviji
način te formiraju pozitivan stav prema matematici, što predstavlja
najveću vrijednost i jedan od osnovnih ciljeva nastave matematike.
Cilj ovog rada je istražiti učestalost primjene matematičkih igara pri
ponavljanju matematičkih sadržaja u nižim razredima osnovne škole
(prvom odgojno obrazovnom ciklusu) te dobiti saznanja o vrstama
igara koje učitelji koriste u nastavi matematike uključujući i računalne
igre na satu matematike.

Ključne riječi: matematička igra, računalna igra, motivacija, nas-
tava matematike, matematičko obrazovanje


