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ABSTRACT

This paper presents a study of game-based number learning in special education settings. The experience was carried out at a
Singular Education Action Center in Spain, that is, a center in which students’ socioeconomic status is low and their academic
performance is under average compared to the national standards. A pretest-posttest design with no control group was carried out
to evaluate the mathematics performance of the students before and after the game-based number learning experience. Likewise,
focus groups were held to find out students' motivation towards this methodology. Statistical significant improvements (Students’
t-test = 4.58, p <0.01) and a moderate effect size (Hedge’s g = 0.32) was reported for students’ mathematics performance after the

GBNL implementation.
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Introduction

More than fifty years ago, Ablewhite (1969)
warned about the problems caused by learning
operations, and how students with difficulties
were the ones who suffered the most since they
were taught through abstract and unsuitable
algorithms. An algorithm may be defined as a
systematic method to solve numerical operations,
which consists of a finite set of steps guided by
rules that allow us to economize the calculation
and reach an exact result. In most classrooms, the
four basic operations (addition, subtraction,
multiplication and division) are still taught, as
they were decades ago, without diminishing the
concern about students' low performance
(Corcoran et al., 2018). Many years have passed
since Ablewhite's warning and yet, in most
classrooms, they continue to be taught in the same
way regardless of the advances that have been
made in child psychology about how children
acquire knowledge (Rodan et al., 2019). If we
look at academic results, the average scores
obtained by Spanish students are below the OECD
average. This result is explained by the large
percentage of students (28%) who are at the
lowest levels of competence (compared to 20% in
the OECD), since the percentage reaching the
highest levels (5 and 6) is very similar to the
OECD average (Ginsburg, Wu & Diamond,
2019).

In view of this reality, both the universal
references on mathematics education and the
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current normative frameworks of developed
countries emphasize the importance of fostering
the development of the so-called “numerical
sense” in schoolchildren (Alegre-Ansuategui &
Moliner-Miravet, 2017). This is understood as a
broad concept that refers to the development of
skills as important as flexible mental computation,
appreciation of number size, number estimation
and quantitative reasoning, among others, all with
an approach aimed at developing mathematical
competence (Campos et al., 2020). Many authors
highlight in their studies the permanence and
reproduction of the traditional methodology in
spite of the low vyields it produces (Rodriguez &
Suérez, 2019; Cai et al., 2019). The most relevant
methodological changes at present, involve a
greater emphasis on mental calculation, estimation
skills and the use of the calculator, as well as an
earlier initiation to the problems of initiation to
calculus. In the case of school mathematics, and
more specifically in relation to the mastery of
calculus in the first years of mathematical
learning, many voices are raised calling for
methodological changes (Cai et al., 2019; Fuchs et
al., 2019). As we mentioned earlier, Ablewhite
already warned of the problems derived from
learning basic operations. A few years later, the
appearance of calculators made the teaching of
traditional procedures and their role in school
begin to be questioned (Kearney & Garfield,
2019). Therefore, if students have different needs
than those of 40 years ago, why is mathematics
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still being taught in the same way if the results are
not adequate? It is therefore necessary to explain
other more innovative methods of teaching
mathematics so that students can have more
advanced calculation. In the present work, a
research is carried out with an innovative method
for learning Mathematics: the game-based number
learning.
Game-based Number Learning

Game-based number learning (GBNL)
may be defined as a type of learning in which
content acquisition is achieved by means of a
game. This learning can take place at any
educational level. It may go from simple
memorization and recall to high level learning.
The game may be used in an intrinsic or
supplemental way, may take place face-to-face
with or without physical objects and with or
without a computer. It should be noted that most
of the times such learning is "open", since there is
no single way to perform it and each student can
solve it in a flexible way according to his or her
development and mastery of calculus. "Number-
based" indicates that it is based on numbers,
unlike traditional procedures that are based on
figures, in the sense that they break down all the
numbers contained in the number and treat them
all equally (Scalise et al., 2020). Many authors
indicate this is the most effective way for students
to understand math basic facts (Carducci, 2020).
Why are better results obtained through GBNL
than with traditional methodology? Because
GBNL method is a natural method, which takes
into account the way the brain processes
calculations in an intuitive way (Wang, Wang,
Yu, Wang & Li, 2020). In addition, this method
takes advantage of the innate knowledge of the
student (Sung et al., 2017). In the traditional
methodology, students have to start from zero, but
this method takes into account the previous
knowledge of the student since it enhances the
number sense in a dynamic way (Hamari et al.,
2016).
Theoretical Foundations of GBNL

What  characterizes  this  teaching
methodology is its openness (it is possible to find
the right solution in different ways) and the fact
that the basis on which the students work is
numbers. In this method, units, tens and hundreds
are freely composed and decomposed without
applying a certain rule or criterion for their final
resolution (Nasrullah, 2015). All of this confers
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autonomy on the student to apply his or her
criteria according to his or her capacity for
calculation, reasoning and mathematical logic
according to the educational stage in which he or
she is (Ninaus et al., 2017).

When we talk about constructivism, we are
talking about the need to give the student tools
that allow him/her to build his/her own procedures
to solve a problematic situation, which implies
that his/her ideas are modified and he/she keeps
on learning (Baroody et al., 2009). This method is
characterized by providing tools so that children
can solve problems and operations by themselves.
It empowers each child to follow the steps that he
or she believes are appropriate, since in this way
he or she will build up his or her own knowledge
since he or she will understand the steps that have
been  followed. Contrary to traditional
methodology, the steps to be followed are not
marked and this circumstance cannot be given.
Therefore, it is not a matter of seeing examples or
theories, but of learning through your own
creation (Shin et al., 2012).

By promoting autonomy in the students,
greater problem-solving skills are developed,
school performance and the ability to perform
mental computation operations improves (Ramani
et al., 2012). At all times students understand the
process they are following. They are the ones who
have decided it and can explain at all times why
they are doing it. For his part, some authors notes
that with the GBNL method the attitude towards
learning mathematics is very positive and
academic performance is improved (Plass et al.,
2015). In addition to all the above, the purpose of
GBNL is that students do not acquire
mathematical content mechanically and by
memory, but that the student manages to perform
operations and solve problems in various possible
ways, given the freedom and flexibility of the
method (Plass et al., 2015).

Practical Foundations of GBNL

The proposed methodology has a key
element: the use of the number table. It is
characterized by the use of manipulative material
and daily use such as chopsticks, through which
hundreds, tens, units are represented. Working
with this type of material, children manage to
experiment in a closer way, acquiring
mathematical concepts that in traditional
methodology are distant and abstract. When
children manipulate the chopsticks and break
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down the number as they want and is
experiencing, they achieve significant learning
because they understand the process they have
carried out, because they have decided to do so
(Wiersum, 2012). When we talk about significant
learning, we are talking about the importance of
knowing the student's previous knowledge, in
order to establish a relationship with what he must
learn, so that the new information acquired can
interact. According to Scalise et al. (2020) a
combination of cognitive, motivational, affective,
and sociocultural perspectives is necessary for
game design to fully capture the potentiality of
GBNL. Therefore, with this method, calculus is
promoted in a very positive way. It is crucial that
mathematical learning be based on meaningful
learning and that it be worked on intensely,
otherwise there will be problems in learning to
calculate, as we are currently seeing in a large
number of children with difficulties in
mathematics (Zaretsky, 2018; Moliner & Alegre,
2020).

A practical example of the calculations
that students would do with ABN is shown in

Figure 1.
Student A
77+31=108
ADDITION | ADDEND | REMAINING
+ 77 31
10 87 21
10 97 11
10 107 1
1 108
Student B
77+31=108
ADDITION | ADDEND REMAINING
+ 77 31
30 107 1
1 108

Figure 1. Different ways of adding through
GBNL

As we see the first column contains the number
that is added to the sum, the central column is the
result that is obtained and the last column the
numbers that we have to add. Here is where you
can see the importance of breaking down a
number, since this way the sum is done in a faster
and easier way. When breaking down the number
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there is no "I take one", which is one of the most
frequent errors in children, because they forget to
add a unit if it is more than ten. There is evidence
that shows that when faced with the same sums, or
the same problems, children solve some types of
exercises better than others, since some are more
suitable than others (Campos & Moreira, 2016).
With the GBNL method this error disappears
completely as when breaking down the number
the "l carry one" does not appear anywhere. In
addition, the children's strategy is enhanced to be
able to do the addition with fewer steps, so the
work of decomposition will be fundamental in the
GBNL method. An example of subtraction using
the GBNL method is shown in figure 2.

Student A
76-39= 37
SUBTRACTION | MINUEND | SUBTRAHEND
- 76 39
30 46 9
6 40 3
3 37
Student B
76-39=37
SUBTRACTION | MINUEND | SUBTRAHEND
- 76 39
10 66 29
10 56 19
10 46 9
6 40 3
3 37

Figure 2. Different ways of subtracting through
GBNL

These operations, as an example, could
have been carried out by two different students. In
both, the correct solution of addition and
subtraction is reached, however the process is
different and even one of the two processes is
longer than the other. We can observe here the
principles commented before about this method,
like for example the adaptation to the personal
rhythm of the student, being able to need more
steps to arrive at the result.

Outcomes of Previous GBNL Experiences

Previous reviews in the field have pointed
at the potentiality of GBNL. According to Qian
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and Clark (2016) game-based learning approach
might be effective in facilitating students’ 21st
century skill development. Kiili et al. (2018)
showed how GBNL improved aspects of fourth
graders conceptual rational number knowledge
(decimals and fractions). Spires et al. (2011) and
Chang et al. (2012) reported positive effects for
problem solving in middle school students.
Kazimoglu et al. (2012) also highlighted the
potentiality of GBNL in computional thinking. Ke
(2009) reported improvements through GBNL in
an implementation for learning basic math facts.
Papastergiou (2009) showed that the gaming
approach not only was more effective in
promoting students’ mathematical knowledge, but
it also improved more students’ motivation than
others non-gaming approaches. The motivational
factor has also been addressed by other authors
(Hung et al., 2019). When comparing GBNL with
other nongame-based methodologies, Hess and
Gunter (2013) revealed that the motivation of
those students who participated in GBNL
motivation was higher. Studies in other
psychological factors such as students’ anxiety
has also shown promising results in the field
(Mavridis & Tsiatsos, 2017)
GBNL and Special Education Previous Studies
The literature in the field regarding GNBL
with special education studies is still very scarce.
Nevertheless, recent studies in the field by Lin et
al. (2017), Lan et al. (2018) and Aguilar (2019)
have shown promising results in related studies. In
this sense, authors such as Vasalou et al. (2017)
state that game-based learning may increase self-
esteem of children with special education needs as
well as reveal learning processes offering
intervention opportunities.

Materials and Methods

This section develops the design of the research,
the objectives, the hypotheses, the participants, the
development of the program, the materials and
resources and the instruments used
Research Design

A pretest-posttest group without control
group design was employed in this research
(Valente & Mackinnon, 2017). Although the use
of control groups is highly recommended by
several authors in educational research (Lee et al.,
2019), researchers of this study could not access
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to a control group due to ethical and
organizational restrictions.
Obijectives, Hypothesis and Research Questions

The first objective of this research
question was to investigate the effects of GBNL
on students’ mathematics performance. Given the
previous positive results for most of the studies in
the field as indicated above, it is hypothesized that
students’ mathematics performance will improve
significantly after the GBNL intervention. Hence,
the first research question (RQ) of this study is
defined as it follows.

RQI1: What is the effect of GBNL on students’
mathematics performance?

The second objective of this study was to
investigate students’ satisfaction with GBNL.
Given the psychological benefits above indicated
in the field, it is hypothesized that students’ will
be highly motivated and satisfied with the GBNL
methodology. Hence, research question two is
defined as follows:

RQ2: How does GBNL affect students’
motivation participating in the experience?
Participants

This experience was carried out in a 2nd
year Primary Education classroom made up of 10
students, 9 boys and 1 girl. All students were 7 or
8 years old during the implementation of the
GBNL program. This experience was carried out
at a Singular Educational Action Center in Spain,
that is, a special education public school in which
students’ socioeconomic status is low and their
academic performance is under average compared
to the national standards. Students participating in
the experience were Spanish (4, 40%), Arab (3,
30%) and Romanian (3, 30%). Two of these
students  presented  significant  curricular
adaptations since they had difficulties in reading
and therefore do not follow the same rhythm as
the rest of the class, one of them is diagnosed with
a slight mental deficiency. Moreover, there were
two students who presented ADHD, one with
hyperactivity and the other with hyperactivity
combined with aggression. In addition, a child had
just arrived from Morocco and had difficulty
understanding  Spanish. However, he did
understand mathematical language. All
participants were informed of the objective of the
study, and the corresponding permits were
requested from the school management.
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Organizational Settings

GBNL was implemented four times per
week during two weeks. Each session lasted
approximately an hour of time. Students were
distributed in groups of three or four, switching
teammates and games during the sessions.
Mathematics Contents Worked Through GBNL

Through this project, the students worked
on some of the contents of the first cycle of
Primary Education. Three digit addition and
subtraction operations and exercises were studied.
Students had to use the development of personal
strategies for mental calculation and also for an
approximate calculation. Likewise, they had to
carry out exercise where they have to make
calculations within activities that can awaken the
interest and curiosity of the student towards the
search for solutions.
Development of the GBNL Experience

GBNL methodology is based on working
with everyday manipulative materials to make it
easier for children to use familiar material that
they have used before. In addition to working with
manipulative material, it is characterized by
learning by playing, that is to say, games are
proposed where a content is worked on and thus,
while the children are playing, they are learning. It
is a more playful way of learning where children
have fun and learn.
As mentioned above, we work with manipulative
material, specifically with chopsticks. The
chopsticks represent the number in question to be
added, subtracted, multiplied or divided.
Therefore, we start with a grouping so that the
children understand what each toothpick
represents, that is, each toothpick will represent
the unit. When we have 10 toothpicks (1 ten) they
will be tied with a rubber band so that they are
well grouped and later it will be easier to identify
what the ten represents. When we have 10 groups
of tens, the hundred will be formed and this will
be grouped with a larger rubber band. The
children will know how to differentiate the ten
from the hundred, by its size, and if this is not
enough, the ten will be grouped with a red rubber
and the hundred with a green rubber (see Figure
3).
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Figure 3. Chopsticks and rubbers used in
the GBNL implementation

To do this it will be necessary to know the
complementary numbers of 10, that is, those
numbers that their addition gives us the ten. In
class we can call them "the friends of 10" to make
the vocabulary closer and therefore they can
understand better.

It is advisable to work previously on these
complements with  manipulative  materials:
toothpicks, tweezers, bottle caps, hangers... taking
10 and doing all the possible decompositions and
taking a certain number and asking for the "one
we need to complete 10".

In order to carry out the methodology
successfully, it is necessary to carry out playful
activities so that the children learn to decompose
numbers and to do the additions and subtractions
correctly.

In the following activities we are going to
work all the pairs that add 10, by means of a
playful activity as it is the one of the hangers. We
will use manipulative material and daily use so
that the children know and experiment with it.
Learning these numbers by heart is very important
since it will give them the ability to form a new
ten, to make the calculation in a faster way. In this
activity the children will be given a hanger with a
number of clips not exceeding 9 and the children
will have to put the necessary hangers to reach the
ten. You can tell them that if they do not complete
the ten the hanger will fall down. This way they
will understand that they have to complete the
number of clamps to achieve the ten.

Once they understand that they have to
look for the remaining number to complete the
ten, the level of difficulty will increase and they
will become "the friends of 100", where the
children will have to look for the remaining
number to reach the hundred. The steps to follow
are the same as in "the friends of 10", but now a
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further step is added. First, they try to complete
the ten, and once they have done so, they proceed
to look for the hundred.

Many games can be used to work on the
concept of the tenth and hundredth unit. In the
"what's in my head" game children have to put a
sticker on their head with a number written on it
and they have to guess it. To be able to guess it
they will ask questions like: Do | have 4 units? If
so, they will proceed to ask for the tens. Do | have
6 tens? And they will have guessed the number.
Once understood, it can be expanded with larger
numbers by introducing the hundred.

Another game to work on the concept of
unity ten and hundred is the “Who's Who?” A
table of numbers from 1 to 100 will be used,
where the children will have to guess the number
the partner has on a card on the table. In order to
find out this number, the children will ask the
following questions: Do you have 4 units? If the
answer is no, they will put bottle caps on all the
numbers that have 4 units. Once the units are
correct, they will move on to the tens. The size of
the table can be enlarged so that numbers with
hundreds can be entered. Besides working on the
concept of tens and units, the variant can be used
saying it is the number after 45, to work on the
concept of before and after.

Bingo is a game of chance that most
families have at home and, although we do not
realize it, it can have an educational purpose since
it works with mathematical concepts such as the
unit and the ten. This game consists of a drum
with 99 numbered balls inside. The players play
with cards with random numbers written on them.
A student plays the announcer and removes balls
from the drum, announcing the numbers aloud. If
a player has that number on their card, they cross
it out, and the game continues until someone
manages to mark all the numbers on their card.
When he has it, he sings "BINGO!" aloud and is
the winner of the game.

Addition and subtraction dominoes were
also used. This game is the classic game of
dominoes where 6 dominoes are given out to each
student. Each domino is divided in two, one part
has a number on it and the other part has the
addition or subtraction. It should be noted that the
addition and subtraction are of one number so that
the calculation is quick and the game is more
dynamic. The objective of the game is that the
student places the pieces until he runs out of any,
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these will have to be placed with the
corresponding numbers. For example, if the
number 6 appears, the student can only place a
piece that adds or subtracts 6.

Research Instruments

In this research, students’ mathematics
performance was analyzed through quantitative
instruments and students’ motivation was
analyzed through qualitative instruments.

A worksheet containing four exercises was
used to evaluate the academic performance of the
students. This worksheet was administered before
and after applying the GBNL methodology in
order to asses if there was an improvement in
students” mathematics performance. Students
could achieve a maximum score of 10 points in
the worksheet. There were four exercises and the
maximum score for each exercise was 2.5 points.
The higher the score, the higher students’
mathematics performance was. Two exercises
included basic math facts (additions and
subtractions with three figures) and the other two
exercises were basic math word problems.

Students’ motivation towards GBNL was
assessed through focus group (Brown & Danaher,
2019). The ten students participating in the study
were divided in three groups with three students in
two of them and four students in the other group.
Some of the questions that researchers asked them
during the development of the focus groups were
the following:

Question 1. What did you think of the games, did
you like them?

Question 3. How did you feel about playing these
games?

Question 4. How do you like to work on the class
content, with the book or with these games?
Question 5. How did you learn more?

Question 8. Which game did you like the most?
Why?

Statistical Analysis and Software

SPSS version 25 was used to carry out all
the quantitative analysis in this research. Averages
and standard deviations were calculated and
students’ t-test was used to address the differences
between the pretest and the posttest (Jankowski et
al., 2018). The effect size of the intervention was
calculated and Hedge’s g was used as a measure
of the effect size. According to Lee et al. (2020)
an effect size of less than 0.2 may be considered
as small, an effect size between 0.2 and 0.5 may
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be considered as moderate and an effect size
greater than 0.5 may be considered as large.
Atlas.ti version 8.1 was employed to
analyze all the qualitative data. Information
coming from the focus groups was coded as
follows FG (focus group), number of focus group
with one digit and number of student. For
instance, an answer in focus group 1 by student
number 3 may be reported as follows: FG_1 3.

Results

In this section, quantitative and qualitative
results are reported
Quantitative Results

Average scores for the pretest and the
posttest (X') , standard deviations (SD) and the
number of participants (N) in the pre-test and
post-test are shown in table 1.

Pretest Posttest
¥ SD N X SD N
Mathematics 460 212 10 530 2.26 10

Table 1. Averages, standard deviations and
number of participants for students’ mathematics
performance.

RQ1: What is the effect of GBNL on
students’ mathematics performance?

Student’s  t-test  showed  statistical
significant improvements (t=4.58, p<.01) between
the pretest and the posttest. The reported effect
size for the experience was moderate (Hedge’s g =
0.32). According to these results, the stated
hypothesis that students would improve their
mathematics performance through GBNL is
confirmed and it can be stated that GBNL had a
positive and significant effect on students’
mathematics performance.

Qualitative Results

The following are some of the most
relevant answers from the students obtained
through the focus groups:

FG_1 2: Yes, I've really liked the whole games of
bingo and dominoes.

FG_1 3: At first I didn't feel well because | didn't
know how to do them and | got a little nervous,
but when a partner helped me and | understood, |
felt very good.
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FG_2_4: 1 like it better with games, because 1 find
the book boring and | get very distracted, but with
games | find it more entertaining.
FG_2_5 With games, because it's become clearer
to me, | often forget the things we teach in class.
But when | do it with games, | remember what had
to be done and I do it well.
FG_3_8 I liked the bingo game the most, because
I sang bingo twice and was very happy. Also the
nervousness when | was only one to complete the
whole table, I had a lot of fun.
FG_2 3 Yes, | liked them very much because |
had a lot of fun. Also at the beginning when |
didn't understand the game well, a colleague who
did know how to play helped me and | was able to
play well.
FG_3 1 I felt very comfortable because we were
working on similar exercises in class and | knew
how to play the games.
FG_2 6 | like working with the games much
better, because while we play we learn without
realizing it.
FG_3 10 With the games, because the classes
flew by and we were learning at the same time as
playing.
FG_2 5 1| liked the "what's in my head" game
better because it was a lot of fun since everyone
could see the number you had, except me, until |
finally got it right.
RQ2: How does GBNL affect students’
motivation participating in the experience?
According to the qualitative results shown
above, it can stated that students felt motivated
during the implementation of GBNL and that they
were highly satisfied with this learning
methodology. Hence, the hypothesis that students’
motivation would increase is confirmed.

Discussion

The fact that students mathematics performance
improved by means of GBNL is consistent with
previous analogous studies in the field (Liao et al.,
2019; Taub et al., 2020). Nevertheless, the high
level of significance (p < .01) and the
considerable effect size reported in this research
were not expectable taking into account previous
research. Although game-based learning is
expected to improve students’ performance, these
improvements are supposed to be moderate and
effect sizes are supposed to be smaller
(Anastasiou et al., 2018). Moreover, educational
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outcomes with special education students or
students with disabilities as those who participated
in this research are most of the times small given
the extra difficulties that may appear during the
development of the programs (Hurwitz et al.,
2020). In this sense, further research is needed
since the quantitative results reported in this
research appear to be somewhat greater than those
that could be expected from the literature in the
field.

The fact that students’ motivation improved after
the GBNL experience and that they were highly
satisfied with this methodology is consistent with
previous studies in the field (Nietfeld, 2020).
Students are expected to enjoy through game-
based learning methodologies and be satisfied
with these types of methodologies (Chen & Law,
2016). Moreover, the qualitative results regarding
motivational issues are consistent with the
reported improvements  in  mathematics
performance. Hence, it makes sense that students
improved through GBNL as they were enjoying
the experience at the same time they were
working with mathematics contents (Hung et al.,
2015).

Limitations

Although the results shown in this research may
seem very promising, caution is needed when
interpreting them and readers should be aware of
the fact that there are several limitations regarding
this research. First, the absence of a control group
must be taken into account, as the effects of
GBNL would have been more precise if a control
group would have been included (Bowers, 2017).
Moreover, the sample size is very small and
cannot be considered as representative of any
medium or large population (McNeish, 2017).
Hence, results of this research must not be
generalized. Access to participants in special
education settings is always a challenge (Douglas
et al., 2016). In this research, the absence of a
control group and the lack of a higher number of
participants is due to the administrative and
organizational difficulties to obtain a larger
sample. In addition to the indicated above, it must
also be considered that the implementation time of
the GBNL program was small (two weeks, eight
sessions). A larger implementation would have
enabled a better understanding of the processes
and outcomes that emerge from GBNL (Stockard,
2020).
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Conclusions

The main conclusion is that GBNL may be very
beneficial for special education students from
both, academic and psychological perspectives.
Small to moderate effects and significant
improvements may be expected when carrying out
analogous studies in the field. As results shown in
this manuscript belong to a study with a small
sample size, future research with larger samples
are needed in the field to address in a more precise
way the effects of this methodology on students’
mathematics performance and emotions.
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