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Abstract

The present paper describes the design and evaluation of a videogame developed
to support math education and overcome math anxiety (MA) at the primary school
level. The game narrative is based on the history of math. The player travels back
on time and meets on-player characters such as Pythagoras of Samos and Ada
Lovelace, learning about how math was used during their times. The player is
invited to play a minigame where the concepts shared by the characters are used
as a strategy to win. The game’s evaluation consisted of a pre and post-testing
study that measured students’ math performance and MA levels. The experiment
also included a group interview to collect students’ perceptions about the game.
The experiment lasted five weeks, and 88 students from three primary schools
played the game on weekly sessions 45-60 minutes long. Statistical analysis
suggested the game significantly improves students’ math performance. However,
the results indicated that female students from one of the classrooms had higher
MA levels after playing the game. In addition, qualitative data shows students had
a high level of engagement with the gameplay.
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1 Introduction

Children start to have contact with mathematics from an early stage and, up to age five, develop
ideas such as the concept of shape, patterns, and size[1], [2]. In the first years of school, pupils
learn how to think in a more complex mathematical way, and some might demonstrate
difficulty understanding math concepts, generating concern [3]. For some students, this
difficulty can lead to frustration and lack of interest. Negative myths about mathematics are
widespread in society, such as the idea that mathematics is complicated and tedious, resulting
from a negative school learning experience [4]. Traditional learning approaches focus on
procedural and inflexible knowledge, leading students to look at mathematics as a cold-blooded
subject that not everyone can master. The research proposed 1,496 students from primary and
secondary schools to write an essay with the theme “Me and Maths” [2]. The results suggest
failures and unease characterize the essays, and students show a low perceived competence
joint to the instrumental vision of mathematics. According to the authors, this is reinforced by
repeated experiences perceived as failures when students feel they do not control their
performance and conclude to be useless to work on it.
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In some cases, the negative experience while learning mathematics can lead to math
anxiety (MA). This clinical condition is characterised as a collection of negative feelings
associated with activities involving manipulating numbers and calculations [5], [6]. High MA
levels can lead to poor performance at school and at work [7]. Interventions are proposed to
overcome or prevent mathematics anxiety, such as adopting a game-based learning approach.
Educational games can bring math to a context of problem-solving, making it more
recognisable and less frightening. Games can simulate a variety of problem-solving situations,
bringing meaning to abstract ideas and helping pupils to master concepts and skills [8], [9],
[10]. The potential of educational games for math learning is recognised, but it is still unclear
what type of game design implementation leads to successful learning and more positive
perceptions concerning mathematics.

The present study is an extension of previous work [11] and contributes to exploring a
math videogame’ impact on math performance and MA levels. The game’s mechanics are
based on the situated learning approach using the history of mathematics as part of the
narrative. The game’s effects on the performance and MA levels were tested in Irish primary
schools. The present study was motivated by the following research question (RQ):

RQ: What are the effects of a situated learning videogame on the mathematics
performance and levels of mathematics anxiety in primary school students?

2 Background

This section will provide details about the research background. First, it highlights the
connections between mathematics education and the use of educational games. Then, it
presents the two main teaching approaches implemented in the game designed and evaluated
during this research: situated learning and teaching from a historical perspective. Finally, the
section describes Ireland’s mathematics learning scenario, the country where the game was
evaluated.

2.1 Mathematics and game-based learning

A lot of effort is being made to deliver design guidelines for the development of educational
games. Still, game designers might provide exciting, fun games and miss the quality of teaching
materials [12]. At the same time, educators struggle in finding the balance between the fun
element of the game and the educational content [13]. Therefore, there is a need to evaluate
what game design principles should be considered to improve learning outcomes and increase
students’ positive attitudes towards mathematics [14], [15]. When combined with appropriate
pedagogical principles, technology may “open up new routes for students to construct and
comprehend mathematical knowledge and new approaches to problem-solving” [16].

A review of 105 empirical studies about the use of videogames for primary school, [17]
shed light on the characteristics of educational games currently used. They argued most of the
effects of primary school games are knowledge acquisition and content understanding,
followed by perceptual and affective motivational skills and cognitive skills. Still, primary
school teachers seem to have more difficulty finding appropriate educational games for their
students than secondary/high school teachers [18]. Many primary school games and
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educational software are drill and practice type [19], [20]. According to [21], videogames are
not supposed to work in the same way as paper-and-pencils exercises as games are imaginary
worlds meant to be lived in and experienced. Even games that claim to develop deep conceptual
thinking do little more than “providing an opportunity to practice basic skills” [21].
Mathematics drill and practice usually leads to inert routine skills and repetition instead of
flexible and reflexive learning [22].

2.2 Situated learning and the history of mathematics

Theories of education and teaching approaches underpin well-designed educational games. In
the present research, the focus will be on implementing a game underpinned by situated
learning. This cognitive theory claims effective education requires learning to be embedded in
authentic contexts of practice [23]. In situated learning, the knowledge is obtained through
contexts that reflect how the concepts can be applied in real-life situations, and what is learned
can be implemented into a context or experience lived by the learner [24]. Games represent an
opportunity for learning in a situated context [25], allowing students to use concepts learned in
the classroom to solve daily life problems.

In the present paper, implementing a situated learning game is achieved by adopting the
history of mathematics as a teaching method. Mathematics was developed to solve needs from
daily life when there were no books to be consulted, and everything was empirically learned
and constructed. According to [26], “historical analysis has been the basis for the theory that
mathematics should be related to life situations”, as the great civilisations developed this
science to solve economic and social problems of their times. Therefore, it is possible to use
the history of mathematics as a teaching tool, as it “lets children experience that mathematics
is always developing, that it is continuously changing and that they are part of this evolution”
[27]. Students may find comfort knowing that challenging concepts took thousands of years to
shape into their final form [28].

There is lack in the literature about ways of adopting the history of math as a classroom
teaching tool [29]. The use of a videogame developed to integrate history and mathematics
may optimise the classroom time and is presented as a helpful resource for teachers that want
to incorporate mathematics and its origin. Other digital media such as websites [30] and
videoclips [31] were designed and tested, but the implementation of videogames with a
historical narrative to support mathematics learning seems to be a field not well explored by
researchers.

2.3 Mathematics anxiety (MA)

MA is a condition identified in primary school children [32], and its presence is associated with
poor math performance at school. This condition can even affect students’ future careers: a
high MA level is related to inadequate drug dosages by undergraduate nurses [7]. Besides, MA
can also lead to a lack of confidence, resulting in adverse effects on career choice [33]. Previous
research studies have also demonstrated that pupils’ gender plays an essential role in this
condition’s levels. Female students tend to have higher MA levels than male students [34],
[35]. Besides, a study with second-grade students showed that the MA levels only moderated
performance in girls [36]. Therefore, interventions to reduce MA should also consider gender-
specific aspects.
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Although widespread studies about MA have been developed, it is still unclear what is the
leading cause of this condition. Currently, the theories designed to explain MA causes fall into
three main categories: poor mathematics skills [37], genetic predispositions [38], or
socioenvironmental factors. A longitudinal study with 413 middle-school students showed a
significant growth of MA at the end of sixth grade, highlighting the importance of early
interventions [39]. A variety of strategies has been studied in an attempt to prevent or reduce
MA, such as guided imagery sessions [40], cognitive tutoring [41], mindfulness sessions [42],
and games [43], [44]. Still, more research is needed to comprehend better how these
interventions act and in which situations they should be implemented.

2.4 Education in Ireland

The present study describes experiments that took place in Irish primary schools, which are
currently ranked ahead of high-achieving countries such as Finland in standardised tests [45].
However, the students from these schools can have a low performance when demonstrating
their problem-solving skills. A national assessment conducted with over 8,000 pupils showed
that children from second and sixth classes scored, correctly, 54% and 49% of the problem-
solving questions [46]. Therefore, there is still room for further development in problem-
solving training for the primary school level in Ireland, especially considering that the skills
acquired during this educational level are fundamental to the following years. In Ireland, most
primary school children are between 6 and 12 years old. A longitudinal study carried out in
Ireland demonstrated that low math scores and negative math attitudes at the age of 9 have a
strong influence on how children perform and engage with mathematics education at the age
of 13 [47]. Another study with 356 students with age between 15 and 18 years old evaluated
their attitudes towards mathematics. 72.8% of them confirmed that their past experiences
influence their interest or disinterest in mathematics, and 33.1% said they do not use
mathematics outside the school, showing they are not aware of this subject utility in everyday
life [48].

3 Research design

3.1 Design principles and game description

The present study aims to understand the impact of an educational game designed based on
situated learning principles on math performance and MA levels. Therefore, a situated learning
digital game was developed and evaluated. Once Upon a Maths is an adventure videogame
with a narrative based on the history of mathematics. The player aims to travel through time,
solving challenges proposed by characters that are part of math history. The game is divided
into three historical periods: ancient Egypt (3100 B.C.E — 30 B.C.E), ancient Greece (1100
B.C.E. — 600 A.D.), and the modern world (from the 19" century until nowadays). In each
phase, an animation presents non-player ancient characters describing how mathematics was
used to solve daily life problems during their times. The character then challenges the user to
play a minigame with mechanics related to the content presented over the animation. Each
historical period includes three minigames. If the player successfully wins all three minigames,
s/he receives a stamp for completing that historical period, moving to the next one.

International Journal of Serious Games Volume 8, Issue 3, September 2021
ISSN: 2384-8766 http://dx.doi.org/10.17083/ijsq.v8i3.434



http://journal.seriousgamessociety.org/
http://dx.doi.org/10.17083/ijsg.v8i3.434

M. Rocha, P. Dondio, Effects of a videogame in math performance and anxiety in primary school pag. 49

The development of Once Upon a Maths considered three main components: an in-depth
literature review of previous research, a multidimensional survey answered by 714 teachers,
and the analysis of a collection of games adopted by those teachers in their classrooms. Some
of the design principles adopted to develop the game are described in this paper. However, the
details can be found in the doctoral thesis that originated the present paper [49].

Considering the game content, all minigames included in Once Upon a Maths are aligned
with the official math curriculum for primary school education in Ireland [50] (Table 1).

Table 1 Once Upon a Math's’ curricula coverage according to each minigame.

Skill Description Minigames

Counting and Count the number of objects in a set

. 3,56
numeration Estimate the number of objects in a set

Extending and using

patterns Recognize pattern, including odd and even numbers 9

Develop an understanding of addition and subtraction by
combining or partitioning sets

] Develop and/or recall mental strategies for addition and
Operations subtraction facts 3.5,6

Use mental calculations

Explore repeated addition and group counting
Estimate, compare, measure and record length using non-
standard units
Select and use appropriate non-standard measuring
units/instrument
Solve and complete practical tasks and problems involving
length
Estimate, compare, measure and record weight using non-
standard units
Select and use appropriate non-standard measuring units and
instruments

Explore, discuss, develop and use the vocabulary of spatial

Spatial awareness relations
Give and follow simple directions 2,7,8,9

Length

Weight

Representing and

interpreting data Sort and classify objects 4

Considering the game design, the genre adventure was adopted to train players to become
better problem solvers [51]. According to [52], adventure games stimulate curiosity as the
player always want to know what will happen next, besides provoking emotional proximity
with the game and its characters. The reward system of the game was implemented with the
aim of avoiding players feeling anxious. Once Upon a Maths does not include a leaderboard,
especially considering that recent literature suggests leaderboards can have a negative effect
on students who struggle with mathematics, reducing their motivation to play [53]. For every
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completed phase, the player received a virtual stamp from the ancient non-player character.
Another element of the reward system is a printed passport provided to the child (Figure 1).
The passport includes three pages where students get stickers as a reward for finishing each
phase of the game, besides a collection of blank pages for students to draw/register their
adventure through Once Upon a Maths. The passport also included a page named Good
traveller. If a player finishes the minigames before the others, this student can help a colleague
and gets a sticker for being a good traveller.

Figure 1. Printed passports were part of the reward system in Once Upon a Maths.

The guidelines of how to play were given both by the character during the animation video
and written on the screen. Feedback was also given to children while they were playing. Every
minigame presented a message in the screen that had instructions on how to play at the
beginning of the game. After the first trial, the message changed to let the child know if s/he
won — if not, the message always contained an idea of stimulating the player to try again.

The process of game design also considered the aesthetics of the game. In Once Upon a
Maths, the scenarios, characters, and other elements are based on images identified in history
books, paintings, and biographies. For instance, yellow was the most prominent color in the
elements of the ancient Egyptian images, like the background of paintings [54], and this
inspired the graphic design of phase 1. This phase also included some scenario elements based
on the history of ancient Egypt, such as a scale based on the image shown in the Papyrus of
Hunefer.. In this papyrus, the Egyptians describe the weighing of the heart rite, when the heart
of the deceased is weighed in the scale against the feather of the goddess Maat who personifies
order and truth[55]. Another example can be identified in phase 2, which illustrated math in
ancient Greece. Most of the scenes contain white and pale colors, quite popular in ancient
Greece due to the use of white marble in the architecture and sculptures.

Another aspect considered during the game design is how student’s gender can influence
their relationship with math [56]. There is evidence that females tend to be more anxious about
mathematics than males, even when they have similar performance levels [36]. Knowing that
in advance, the game was developed considering elements that could make the game attractive
to females, like high use of visual learning approach [57], storytelling elements [58], and
reduction of competitiveness [59]. Besides, adopting Ada Lovelace as one of the main
characters aimed to inspire female players. For many years, Lovelace’s achievements were not
recognised. Today, to honour women in STEM, Ada Lovelace Day was created, and it is
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celebrated every second Tuesday of October. This character is relevant to Once Upon a Maths
to introduce the player to the concept of algorithms and because she represents a female
mathematician. In comparison to men, women are highly misrepresented by the media in
STEM characters [60]. This might result in a lower number of girls pursuing careers in STEM
when they grow up. In Ireland, less than 25%, in Science and Technology based careers [61].

Considering the technical aspects of the game, Once Upon a Maths is a 2D game that can
be easily accessed through most of the popular web browsers. When accessing the game, the
player finds a landing page where s/he can insert their details to log into the system or register
as a new user (Figure 2).

Figure 2. Landing page of Once Upon a Maths.

After that, the user has access to the page that shows nine islands, each representing one
of the minigames according to the historical period (Figure 3). If the player is accessing the
game for the first time, all levels will be locked except for the first one.

Figure 3. Minigames in Once Upon a Maths.

Phase 1 of the game starts with Nebamun, a sculptor from ancient Egypt, describing how
people from his time used parts of the body as a measuring tool. He describes the concepts of
cubit, foot and palm, explaining that a cubit is the distance from the elbow to the fingertips,
while the foot has the size of a foot and a palm has the size of a hand. The animation shows the
measurements and compares their sizes to the sizes of different animals (Figure 4).
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LW

between the elbow and the fingertips.

Figure 4. In the first phase of the game, Nebamun compares the parts of the body
measurements with the size of animals.

After watching the animation, the player is invited to solve the first minigame: a drag and
drop activity where the player must use parts of the body to measure vases sculpted by
Nebamun. On the left side of the screen, a platform with a vase is shown, and the player should
drag and drop parts of the body s/he thinks would match the size of that vase. The player can
drop more than one part of the body — for example, measuring the vase using one foot and two
palms — or only one — for example, measuring the vase using one cubit (Figure 5). There is a
“clear” button that allows the player to remove dropped pieces and start again. Each part of the
body that the player can drag contains a counter with the number of pieces dropped. Every time
a piece is dropped, the counter is incremented by one.

Figure 5. In the first phase of the game, Nebamun compares the parts of the body
measurements with the size of animal

When the player clicks on the button “measure”, the system checks if the answer is correct.
In case it is, the platform opens, and the vase goes down so a new vase with a different size can
appear, and the player can keep playing. Each star on the left side of the screen represents one
vase to be measured. If the player inputs an incorrect answer, the vase breaks and the minigame
restarts. If the player measures the three vases correctly, s/he gets 100 points and goes back to
the level page to go to the next minigame. The second minigame is preceded by Nebamun
explaining the concept of coordinates and how they can help find places on a map (Figure 6).
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Figure 6. The second animation introduces the concept of coordinates.

The objective of the second minigame is to move the vase around a labyrinth following
the coordinates indicated by Nebamun. The screen contains the labyrinth on the left side, and
each line is represented by numbers, while the columns are represented by letters (Figure 7).

The coordinates are presented on the right side, above the arrows that the player can use to
move the vase.

Figure 7. In the minigame 2, the player follows the coordinates to carry the vase around the
labyrinth.

If the vase is moved to the right place, it becomes yellow, and the instructions change,
telling the player to press the button to move to the next challenge. When the player does it,
the vase that was moved before disappears, and a new vase appears at the beginning of the
maze, and the coordinates change. If the player puts the three vases in the right place, s/he gets
100 points and goes back to the level page, where the next minigame is unlocked.

In the third animation, Nebamun explains that the weighing system was born with the
discovery of metalworking. People from his time used pieces of metal with different weights
that were placed in one of the plates of a scale to compare with what was placed in the other
plate — for instance, food and animals (Figure 8). This animation introduces the third minigame,
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where the player will have to use pieces of metal with different weight values to check how
heavy a specific animal is.

Figure 8. The third animation describes the weighing system used in the Ancient Egypt.

The aim of minigame 3 is to balance the weight of the bird with the weight of metal pieces.
It is a drag-and-drop game, and the left side of the screen shows the pieces of metal. The metals
are distributed in a grid where the lines determine the weight of each metal, and the columns
describe the number of elements contained on that shelf (Figure 9). The player should drag and
drop the right number of pieces to the empty plate to balance the metal and the animal weight.
Then, by pressing the blue circle in the centre of the scale, the system checks if the weights are
correct.

Figure 9. The aim on minigame 3 is to find the balance between the metal pieces and the
animal

If the metals are heavier than the animal, the first plate goes down, and the animal spins
away. If the opposite happens, the plate with the animal goes down to show it is heavier than
the metal. If both weights are the same, the player moves to the next stage and weighs another
animal. There are three animals to weigh in this minigame. If the player finds the correct
weights for all three animals, s/he gets 100 points and goes back to the level page. This level
is finished, and the player gets a stamp for completing ancient Egypt level, unlocking phase 2.
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The second phase is presented by the philosopher Pythagoras, from ancient Greece (Figure
10), in an animation that introduces all three minigames. In the video animation, Pythagoras is
accompanied by a bird that gets confused when the philosopher states to be known as the father
of mathematics and the father of music. Pythagoras then explains how math and music are
related, showing the connection between fractions and musical notes. The animation was
inspired by the registers that describe a moment when Pythagoras heard hammers in a
blacksmith’s forge and found them very pleasant to the ears. He then decided to check the
weights of the hammers and discovered that these were related to ratios of whole numbers.
Excited about his discovery, Pythagoras invented the monochord and realized a harmonic
relationship between the sounds of strings with different lengths [62]. Thus, he came up with
the idea that music harmony, or a pleasing combination of sounds, can be achieved when string
length ratios involve the numbers 1, 2, 3, and 4.

Figure 10. Pythagoras introduces the connection between music and math.

The player then progresses to minigame 4, a sorting activity. The screen shows a harp
containing pieces of different sizes that represent musical notes. The player should organize
those pieces according to their size (Figure 11). After that, the player presses the “play” button
and, if the order is wrong, the instructions on the right side tells them to try again. If the order
is correct, the player wins 100 points and listens to the sound of the notes. S/he then is instructed
to press the button “next”, which allows the player to go back to the level page and go to the
next minigame.
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Organize the bars from
the biggest to the
smallest

PLAY

Figure 11. In the minigame 4, the player needs to consider the fraction that represents each
musical note and represent those according to the size.

The minigame 5 is a drag and drop game. The aim is to match the pieces on the left side
with the keys of a piano. Each piece contains circles, and they should match the number above
the key. After matching all the pieces, the player presses the button “play”. If the order is
incorrect, the instructions let the player knows that s/he should try again, highlighting where
the mistakes were made (Figure 12). If it is correct, the player listens to the piano notes.

RETURN

PLAY

Drag the bar to the right place in the
piano.

Figure 12. In the minigame 5, the player should match the pieces with the quantities
represented by circles with the numbers displayed above the keys in the piano.

In the minigame 6, the player must follow a music sheet, where each note is represented
by a number (Figure 13). The piano keys contain the same pieces with circles from the previous
minigame. The player should press the keys following the order on the music sheet. Every time
a key is pressed, the player can hear the note. After that, s/he should press play. If the order is
correct, the music sheet changes, and the player plays the second part of the song. The song is
“Happy Birthday”, and is divided into three music sheets. After playing the music sheets
correctly, the player gets 100 points and a stamp for finishing the challenges of phase 2 of Once
Upon a Maths. The player then goes back to the level page to move to phase 3.
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Play the keys of the piano according to the fractions

119 1 o

PLAY

Figure 13. In the minigame 6, the player follows a numerical music sheet to play a song.

The third phase is presented by the character Ada Lovelace, an English mathematician
considered by many researchers the first computer programmer [63]. She exchanged letters
with Charles Babbage, who created the analytical engine, a machine that could to make
complex calculations [64]. While translating an article about the machine, Lovelace added an
algorithm that the machine could use to calculate the sequence of Bernoulli numbers, a
sequence of rational numbers which frequently occur in number theory. In the animation, Ada
Lovelace explains Babbage’s machine and the concept algorithm, describing why it is
important to write correct instructions so a machine can execute functions in the way it is
expected to do (Figure 14).
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Figure 14. Ada Lovelace explains how algorithms work.

Lovelace also talks about her passion for flying. At the age of 12 years old, she studied
the patterns of birds’ wings, researched different materials, like feathers and silk, and worked
on sketches of steam-powered flying machines [64]. Lovelace then challenges the player to use
algorithms to teach an animal how to fly by solving the minigames 7,8, and 9, which are similar
but have different levels of difficulty. These minigames aim to teach an animal how to fly. The
player can choose between a unicorn or a dragon. The screen shows, on the left side, a column
with numbers. In the middle, the clouds where the animal should jump into. Each cloud is
referent to one of the numbers at the column, and the player should use that to guide the animal,
telling it to fly to a cloud referent to a certain number and to which direction the animal should
fly. The instruction is given by dragging and dropping pieces with numbers (referent to the
clouds) and arrows (referents to the direction). There are boxes categorized by order of steps
on the right side of the screen, where the player should drop the instructions pieces. If the player
makes a mistake, s/he can press the button clear next to the step box (Figure 15).

11

i

Figure 15. In the minigames 7, 8 and 9, the player needs to build an algorithm to teach the
animal how to fly.
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3.2 Empirical experiment

3.2.1 Overview

A within-subjects design experiment was carried out with primary school students to answer
the research question. In this research design, the participants are evaluated in different
moments — in the present study, before and after playing the game. No control group is included
as each subject is their own control. This type of experiment is particularly common in
educational research to evaluate interventions’ effects on the learning process [65]. The
differences between the pre and post-tests will reveal if Once Upon a Maths impacts students’
math performance and MA levels. Section 3.2.2 describes the tools used to collect these
measurements.

The experiment was performed with primary school students from Irish classrooms for 5
weeks. Two researchers from our team visited each classroom once per week for sessions
between 45 to 60 minutes long. The visits were scheduled to take place at the time allocated
for their math class. No other activity happened during that time except for our gameplay
sessions. During the rest of the week, students had their regular schedule taking place. During
the experiment, the teachers were in the classroom but did not interfere unless to solve issues
not related to the research. In the first visit, the researchers presented the game and explained
how the following gameplay sessions would be carried out. We made clear to the students they
were not obliged to participate in the experiment as the results would not count as official
school evaluations. Students received an assent document, besides bringing home a consent
document to be signed by their parents. Next, the students answered two pre-tests to evaluate
their math performance and MA levels. The following three weeks consisted of gameplay
sessions. On the fifth and final visit, students answered the math performance and math anxiety
post-tests, besides participating in a group interview to collect their perceptions about the game.
The following diagram illustrates the activities carried out along the 5 weeks (Figure 16).

INTERVENTION PHASE POST-PHASE

Mathematics performance post-test

PRE-PHASE

Mathematics performance pre-test Game playing Mathematics anxiety post-test
Interview
Week 1 Weeks 2, 3 and 4 [ Week 5

1
1
1
1
|
Mathematics anxiety pre-test 1
l
1
1
1
1

5 weeks pre-test-post-test experiment

Figure 16. The experiment was carried out along 5 weeks. The researchers visited the
classroom once per week.

3.2.2 Pre-post-test questionnaires

In both pre and post-test phases, students’ performance was measured through a math
guestionnaire that covered the content presented on the game. The pre and post-tests for math
performance are similar, with some minor changes in the order of the questions and some of
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the values on the calculations. This was implemented to guarantee children do not perform well
on the post-test because they recall answers from the pre-test. In both pre and post-test phases,
the levels of MA were measured using the modified Abbreviated Mathematics Anxiety Scale
(mAMAS) [66], a reliable and validated questionnaire design for primary school students. The
MAMAS is a self-report questionnaire with nine items. Children use a 5-point Likert scale to
indicate how anxious they feel when dealing with situations that involve math, being 1 equal
to low anxiety and 5 equals to high anxiety. The higher is the result, the more anxious the child
is. Both questionnaires were formatted to be more readable for young children, printed using
large font size. In addition, the mMAMAS included sad and happy emoticons at the endpoints of
the Likert-scale to aid students in their responses. Both math performance and math anxiety
questionnaires were read aloud before the experiment, so students could ask questions and
make sure they understood the tests. Then, the students answered the questions by themselves.

During the three weeks between the pre and post-tests, the students played each of the
three main phases of the game. In Ireland, the average class size is around 25 students [67].
Therefore, 30 tablets computers were brought to the classrooms for the game playing sessions.
Students also received the printed passports with their username and password to access the
game.

As participation was anonymous, researchers do not have access to students’ names, only
their game usernames. Teachers participated in filling a spreadsheet linking students’
usernames in the games to the demographic data, such as students’ gender. All procedures were
approved by the Technological University Dublin Ethics Committee (TU Dublin Research
Ethics Committee approval number REC-17-29). All participant researchers applied to be
Garda vetted, a procedure of background check completed by the National Vetting Bureau and
required for those carrying out relevant work with children or vulnerable persons.

3.2.3  Group interview

Students’ perceptions about the game were collected through a group interview, which was
recorded and transcribed. The interview was guided by open-ended questions such as their
most and least favourite aspects of the game, the emotions they felt while playing, and what
elements they would change on the game. The researchers ensured students were aware they
could express their opinions, even if they had negative perceptions about the game.

3.2.4 Data analysis

The analysis of the results was carried out through statistics techniques using the software IBM
SPSS Statistics 21. The statistical analysis follows a protocol proposed by [68], and a
comparison of pre and post-results of math performance and math anxiety tests was carried
out. Wilcoxon signed-rank test was used to identify if there is any difference between the pre
and post-tests. An analysis between the two groups of female and male students considering
the MA levels was done using Mann-Whitney U Test. If the difference between the two groups
is significant, an analysis to check if there is an influence of the participant’s gender was carried
out using Analysis of covariance (ANCOVA). According to [68], when these two groups of
students have a significant difference in MA levels before the intervention, this has to be
considered a covariant when comparing the pre and post-tests. Due to the relevance of the
social environment’s aspects, all the analysis previously described were carried out considering
specific scenarios. First, the data from the whole group of participants was evaluated. Then, a
class-specific comparison was performed, and each classroom group was evaluated separately.
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The results of the group interview session will be presented through a reflection about students’
perceptions of Once Upon a Maths.

4 Results

4.1 Descriptive statistics and demographics

Once Upon a Maths was tested by users from two schools (Figure 17). The first is a catholic
co-educational (mixed-gender) school located in Dublin. Two classrooms from this school
participated in the experiment and will be referred to as Classroom 1 (1st class of primary
school) and Classroom 2 (1st class of primary school). The other school is a catholic rural co-
educational school located in county Kildare. One classroom from this school participated of
the present experiment and will be referred as Classroom 3 (2nd class of primary school). A
total of 88 students participated of the study, 43 females and 45 males. Part of the data was
incomplete because not every student attended school in every gameplay session. After
cleaning the missing data, we evaluated data collected from 73 participants.

Figure 17. Students testing Once Upon a Maths.

The results of the math anxiety pre-test (maximum value of 45) show a mean score of
19.67, while the post-test had a mean of 20.53. The results of the math performance pre-test
(maximum value of 10) show a mean of 7.05, while the post-test had a mean of 8.3 (Table 2).

Table 2. Distribution according to the mean, standard deviation, and percentiles of the pre-
and post-mAMAS and pre-and post-test for math performance.

Pre- Post- Pre-test Post-test
MAMAS MAMAS (performance) (performance)

Mean 19.67 20.53 7.0504 8.32

Std. Deviation 6.76 8.59 2.03 1.82

Percentiles 25 14.50 14.00 5.50 7.50

50 21.00 19.00 7.50 8.33

75 24.00 27.50 8.30 10.00

90 30.00 32.60 10.00 10.00

® _ _
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Considering [69], high MA levels were defined based on the scores at or above the 90th
percentile, which corresponded to raw scores of 30 and above. In the present research, around
11% of the students that participated in the study had a score equal or above 30 points in the
pre-mAMAS and 17% in the post-mAMAS. Table 3 describes students’ distribution according
to the results of pre- and post-tests for math anxiety and pre- and post-tests for math
performance.

Table 3 Distribution of pre- and post-mAMAS and pre- and post-test for performance results
according to students’ gender.

Pre-test Post-test Pre- Post-
(performance) (performance) MAMAS MAMAS
Male N 38 38 38 38
Std. Deviation 2.02142 1.85415 5.499 6.909
Median 7.2500 8.0000 17.00 16.00
Mean 7.0311 8.0568 17.24 16.79
N 35 35 35 35
Female Std. De\{iation 2.08190 1.77918 7.083 8.483
Median 7.5000 9.0000 23.00 26.00
Mean 7.0714 8.6234 22.31 24.60
N 73 73 73 73
Total Std. Deviation 2.03642 1.82831 6.764 8.599
Median 7.5000 8.3300 21.00 19.00
Mean 7.0504 8.3285 19.67 20.53

4.2 Inferential statistics on overall comparisons

4.2.1 Effects of the game on mathematics performance

Our results suggest that students had a higher math performance after playing Once Upon a
Maths, with a large effect size [70] (z = —4.407, p = 0.000011, r=0.51). Therefore, Once Upon
a Maths improves students’ math performance.

The analysis of the pre-test for math performance considering students’ gender suggests
no difference between female students (Md=7.5, n=35) and male students, (Md=7.25 , n=38)
(U=651, z=-0.150, p=0.881, r=0.017). Similar result is found when evaluating the post-test
results, with female students (Md=9, n=35 ) having similar performance as male students
(Md=8, n=38) (U=524, z=-1.608, p=0.108, r=0.18). Therefore, both genders have similar levels
of performance in math before and after playing the game.

4.2.2 Effects of the game on mathematics anxiety

To identify if the game has any effect on the levels of MA, statistical analysis was conducted
to compare the pre and post-mAMAS tests answered by the students. The results suggest the
game does not affect students’ levels of MA (z = —0.929, p =0.353). The analysis of the MA
test scores before playing the game suggests female students (Md=23, n=35) had a significantly
higher MA than male students (Md=17, n=38) (U=384, z=-3.111, p=0.02, r=0.36). Similar
result is found after playing the game, with female students (Md=26 , n=35) being significantly
more anxious than male students (Md=16 , n=38) (U=308, z=-3.948, p=0.000079, r=0.46). Due
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to this result, an ANCOVA was performed considering the pre-mAMAS results as a covariate
to check how much the gender influenced the differences between pre and post-mAMAS. The
results suggest that playing Once Upon a Maths might have increased the MA levels only for
female students, with a p=0.017 and a partial eta squared = 0.079. Therefore, the results suggest
that 7.9% of the increase of the MA levels after playing the game can be related to gender,
which is a small effect size. The results then confirm that those female students had higher
levels of MA after playing the game.

4.3 Inferential statistics on classroom-specific comparisons

The current research was performed in three different classrooms, and each can be considered
a specific environment with social aspects that might influence the students’ perceptions of
math. Therefore, we decided to perform the same analysis previously described considering
each classroom as a separated sample of students. In all classrooms, playing Once Upon a
Maths increased students mathematics performance. When evaluating the effect of the game
on MA levels, only in classroom 3 (2nd class) female students had higher MA levels after
playing. For classroom 3, the comparison between female (Md=24, n=9) and male (Md=13,
n=15) students’ MA levels before playing the game reveals significant differences (U=22, z=-
2.726, p=0.006, r=0.32). Similar results can be found when looking at the levels of MA after
playing Once Upon a Maths, as female (Md=29, n=9) and male (Md=12, n=15) students had
significant differences between their MA levels in the post-test (U=13, z=-3.261, p=0.001,
r=0.38).

ANCOVA was performed considering the pre-mAMAS results as a covariate to compare
if the score differences between pre and post-mAMAS had any difference when considering
the student’s gender. Playing Once Upon a Maths impacted the MA levels when adjusting it
for the pre-intervention and considering student’s gender (p=0.028, partial eta squared = 0.209)
for classroom 3. This partial eta square reveals that 20.9% of the changes in the levels of
MAMAS after playing the game can be related to gender, which is large effect size. Therefore,
only in one of the three classrooms, females tend to get more anxious after playing Once Upon
a Maths, while males’ MA levels do not change.

4.4 Students’ perceptions about the game

In the final week of the experiment, students took part in a group interview. The first question
of the interview was “Which game you liked the most: Ancient Egypt, Ancient Greece, or
Modern World?”. Most students in the second class said they preferred Modern world
minigames. The reason, according to the students, is that those minigames were more
challenging than the others. In the first class group, most children preferred Ancient Egypt and
Ancient Greece phases, as they could “play music” and “measure stuff’. Many of those said
they did not like Modern World because “it was too hard”. It was quite clear that different
children have different levels of difficulty and, although some get motivated by the challenges,
others felt it was disengaging. One child from the second class said the Modern world was the
best part of the game “because it was very different from the other ones and there wasn’t a lot
of math on it”. Another student from the first class said, “I love the game”, but, when asked if
s/he liked math, answered, “no, I hate math”. Finally, one of his/her friends said, “but the game
is about Maths”, to what the first student answered with a confused face. They both laughed
and changed the subject.

When asked what s/he would change in the game, a student from the second class said: “T
would make it easier”, while another said “I would make it harder”. Then, a third child
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interfered and said: “You could set up a difficulty setting on it so people could pick how hard
the game would be”.

When asked what game was the hardest one and the easiest one, most children from the first
and second classes said Modern World and Ancient Egypt. This is in line with the aim of the
game: to show that math is a process and became more sophisticated through time.

The narrative and the inclusion of real-life characters gave scope to students’ imagination. Most
had Ada Lovelace as their favourite character. In one of the first class groups, a child said the
unicorn, from the Modern World phase, was their favourite character, then asked if the unicorn
was real like Ada Lovelace was. Another student was very concerned that her unicorn fell many
times and suggested to “have a person bringing the unicorn back to the place, so we don’t think
it died”. Students’ reproduced their connection with the characters while drawing them in the
passports (Figure 18).

MEMORIES

L
ECL

Figure 18. Students drew their memories on the passports.

They were also asked to describe in one word how they felt while playing, and most of the
answers were positive. Words like “happy”, “good”, and “clever” were cited. Less frequently,
some children said they felt “confused”, “worried”, and “bored”. The students were also asked
if they enjoyed working in a group for some of the challenges. All of them answered “yes” and,
when asked why, some gave answers related to the good feeling of being helpful (e.g., “because
I like being nice”); the spread of collaboration (e.g., “because when you help someone, he helps
more people”), or the fact they learned more about the game when explaining it to another child
(e.g., “because I got to figure out... If I didn’t get something before I got it when I could do it

again”). One of the students answered honestly, “I like to help because I get more stickers”.

5 Conclusions

The main novelty of the present work consists of evaluating the effects of a situated learning
game on the mathematics performance and math anxiety of primary school children. The game
to be tested was designed and developed based on 3 years of research, including collecting and
deploying information provided by teachers. The hypothesis is tested based on a structured
empirical experiment, including tools that previous researchers validated. The analysis is made
from different angles, using quantitative and qualitative measurements. The work has,
however, limitations. The game was tested in Irish primary schools, and results might not be

International Journal of Serious Games Volume 8, Issue 3, September 2021
ISSN: 2384-8766 http://dx.doi.org/10.17083/ijsq.v8i3.434



http://journal.seriousgamessociety.org/
http://dx.doi.org/10.17083/ijsg.v8i3.434

M. Rocha, P. Dondio, Effects of a videogame in math performance and anxiety in primary school pag. 65

the same in different contexts. There is also difficulty measuring the efficacy and legitimacy
of educational practices as several variables must be considered and can influence the
experiment results.

The results suggest Once Upon a Maths significantly increased the learning outcomes,
which might be related to the fact narrative-based learning leads students to connect the
concepts learned to the human experience [71], giving meaning to abstract concepts. Once
Upon a Maths did not affect the MA levels considering the whole group of students but
increased those levels for the female students in one classroom. The effect size of the game on
increasing the levels of MA in female students was small. Therefore, other variables might
have affected those levels. It is important to highlight that this classroom where females got
more anxious was in the second class of the primary school. In Ireland, the second class is
when students take a standardised exam for the first time in their school life. These tests are
administered, scored, and interpreted according to a set of rules. Irish primary schools are
required to administer standardised tests in English reading and math in second, fourth, and
sixth classes and report the aggregated results to their Boards of Management and the
Department of Education and Skills. In 2019, researchers showed that three out of four primary
teachers agree that primary school pupils get anxious about standardised tests. The study
collected 1,500 primary school teachers opinions [72]. Previous research has shown that
standardised tests also influence how students in Ireland feel about mathematics. Therefore,
our results might be related to the anxiety female students were feeling about the standardised
test.

Previous researches suggest many factors can explain why girls have higher MA levels
than boys. Exposure to negative attitudes about math by role models like parents and teachers,
a higher possibility of feeling anxious when seeing another child with anxiety, and exposure to
gender stereotypes are only a few reasons that might lead girls to have higher anxiety than boys
[36], [73], [74]. The way students build their social relationships plays a huge importance in
their learning outcomes [75]. Classroom studies can be challenging as a number of variables
not always predicted during the research design. The MA levels of a student can be influenced
not only by aspects of the classroom environment but also by the parents’ MA levels [76].
Furthermore, females levels of MA can be influenced by aspects such as how they perceived
their math abilities and their teachers’ abilities [77]. In our future studies, we plan to consider
the particularities of each student and the environment where math is learned, including
teachers’ and parents’ MA levels.

The group interview results suggested that the idea of transposing the history of maths]
into a game allowed students to interact and be part of this narrative. In fact, storytelling can
be quite powerful for math education. They make mathematics more meaningful and provide
a context, besides allowing children to connect to other areas of childhood [78]. The group
interviews illustrated how the storytelling and presence of characters helped children to engage
with the game. Using the history of math as a narrative for the game may help students
comprehend that math is part of our society, making it more natural and less frightening.
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