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ABSTRACT Mathematics education is under threat in Nigeria. Young people report it as boring and difficult;
teachers say young people are not engaged, even when they are achieving academically. Meanwhile digital
games are part of everyday childhood. They are now being used to benefit young people academically as they
have been shown to help motivate reluctant learners. This action research case study aims to determine if a
digital educational game can stimulate interest and engagement with mathematics. SpeedyRocket, a digital
educational game was designed and used in the classroom in three schools in rural Ado-Ekiti, Nigeria to teach
pupils about estimation, as part of the mathematics curriculum. Evaluation was carried out with the pupils
through a combination of a pupils’ mathematics attitude questionnaire, and classroom observation. The
results demonstrate significant improvements in attitude to and engagement with mathematics across the
target group, after two weeks of using SpeedyRocket. Learners became co-creators of their own knowledge,
sharing ideas, forging new learning pathways, competing and cooperating with one another. Furthermore, the
findings from this study provide insights into the changes that occur in the dynamics of the traditional
classroom through the introduction of digital technology, especially in settings where it has not been
previously used.

INDEX TERMS Active learning, digital game, education, game-based learning, mathematics, Nigeria,
young people.

benefited widely from well-planned mathematics curriculum

and educational systems as they have proven to be the

I. INTRODUCTION bedrock for scientific, technological and economic

development [7]. The Nigerian government is committed to
developing its people in this respect and therefore has made
mathematics a compulsory subject from primary school to
secondary school [8]. In addition, any student who wishes to
gain admission into any tertiary institution in Nigeria
(colleges, polytechnics, universities) for study on any course
must pass mathematics at a credit level. The Nigerian
government continues to invest millions of dollars into the
teaching and learning of mathematics. The rationale being
that they understand that it is a major driver in the push for
development.

Mathematics affects all aspects of human life. The social,
economic, political, geographical, scientific  and
technological aspects of human beings are centred on
numbers [1]. Regardless of the profession an individual is
involved in or their career path, mathematics remains an
essential tool that prepares the individual for effective work.
According to reference Omameh [2] the knowledge of
mathematics is not just for one’s profession or national
development, mathematics is intimately connected to our
daily lives and life-long planning.

Whilst the study of mathematics can improve the
imaginative and cognitive capabilities of the mind [3], its
impact on national development is also significant. Several
studies maintain that the progress of any nation depends on
their technological and scientific advancements, which is
contingent on an effective mathematics education system
[4], [5], [6]. Research shows that developed countries have

Despite the seemingly obvious importance of mathematics
education and the efforts successive governments have
continued to put into improving mathematics performance
across secondary institutions in Nigeria, no significant
improvements have been recorded to date. Performances in
the West African Senior School Certificate Examination
(WASCCE) have been poor in recent years. Adedigba [9]
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reported that in 2015, only 28.59% made the minimum
requirement of 5 credits including a credit pass in
mathematics. In 2016, the results were slightly better -
38.50% but dropped back further in 2017 as only 26% made
the minimum requirement. Given the awareness and
resources the government is putting into mathematics
education, these results are poor [10].

Whilst the government and academic institutions strive to
find solutions to the continuing low level of performance in
mathematics, several studies that detail potential causes have
been published over the past twenty years. Asikhia [11] cited
the work of Bakare [12], which categorized the causes of
poor performance in mathematics into four main areas:

i Causations resident in the society, such as
instability of educational policy; under-funding of
the educational sector; mismanagement, leadership;
job security and satisfaction.

1i. Causations resident in the school, such as school
location and physical buildings; mathematics
curriculum, teachers’ training and skills.

iil. Causations resident in the family, such as cognition
stimulation/basic intuition during the early years;
type of discipline at home; lack of role model and
finance.

1v. Causations resident in the child, such as basic
cognition skills, physical and health factors,
psycho-emotional factors, lack of interest in school
programme.

These four key areas: government/wider society, family, the
student and the school/classroom also encompass the
individual factors identified by other studies. This study
focuses on the school/classroom challenge.

A. The challenge of the Nigerian classroom

As Bature et al. [13] maintains, the classroom climate as well
as the mode of teaching impacts on the attitude of students
towards a particular subject. According to Bierman [14]
classroom climate is “the classroom environment, the social,
emotional, intellectual and the physical aspect of the
classroom”. Research has shown that students experience the
classroom as not just an intellectual space, but as a social and
emotional environment, one that can enhance or hinder their
learning experience [15], [16]. Thus, the climate of the
mathematics classroom can have a significant influence on a
child, not just emotionally and intellectually but can also
either positively or negatively impact on their mathematics
attitude [17].

The experience of mathematics in Nigerian classrooms
therefore poses a challenge to young peoples’ attitude to
mathematics. The traditional classroom in Nigeria is passive,
unengaging and boring. According to Bature ef al. [13] most
classroom activities are teacher-centered with students as
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mere listeners and recipients of knowledge playing a passive
role in knowledge acquisition. This agrees with Okafor and
Anaduaka [18] who maintains that most of the classroom
dialogue comes from the teachers while the pupils listen or
write what is on the chalkboard. Students also work
individually to solve problems and submit their completed
tasks to the teachers to be graded. These traditional teaching
methods and strategies do not have a multi-sensory effect on
pupils. Ajayi et al. [19] suggested that this style of teaching
is one of the reasons students develop negative attitudes
towards mathematics.

Classroom sizes also present a challenge to an enjoyable
educational experience for young people and teachers in
Nigeria. Due to over-population and inadequate number of
teachers, many of the classes in Nigeria are overcrowded.
This classroom structure often results in young peoples’ loss
of attention and disengagement during teaching. Ajayi ef al.
[19] suggests that when classroom sizes increase and become
unmanageable, teachers find it impossible to give individual
learners the attention they deserve. This leads to learners that
are less motivated and disconnected and unengaged with
their subject and learning. Ayeni [20] explored the
relationship between effective classroom management and
the learning outcomes of students. In that study, 75% of the
sampled teachers listed congested classrooms as a major
constraint to effective classroom management. In a similar
study, Ajayi et al. [19] examined the impact of class size on
students’  classroom  discipline, engagement and
communication. The study revealed that class size had a
significant influence on engagement. It also recommended a
maximum of 40:1 student-teacher ratio for -effective
classroom discipline, engagement and communication. This
recommendation is substantially higher than UNESCO’s
standard of a 25:1 student-teacher ratio [21].

Several potential solutions to improve the performance of
students in mathematics have been suggested in the
literature. Mbugua et al.[22] believes that adequate staffing,
better teaching and learning resources and materials, as well
as an improved curriculum would improve students’
performance in mathematics. Two strategies suggested by
Ojimba [23] include incorporating the concept of
constructivism, and the use of computer-aided instructional
material such as games. To address the issue of phobia of
mathematics, which is one of the reasons for poor
performance, Bornstein [24] suggested that a way to improve
the attention of students in the classroom is to build their
confidence in the subject. According to Okafor and
Anaduaka [18] one way to build confidence is by
encouraging discussion in the classroom. They challenge
teachers to disrupt the typical classroom method in which
teachers do most of the talking while the students take a more
passive role and sit, write notes and practice whatever the
teachers do. Allowing students to get more involved in their
learning journey should engage them more and boost their
confidence allowing them to explore and try things out by
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themselves. One of the findings of Sule ef al. [25] study of
mathematics phobia among students in Nigeria is that
students’ interest is increased when physical and visual
objects are used in teaching and learning mathematics
concepts. Similarly, Etuk and Bello [3] opined that the usual
memorization method of teaching mathematics is archaic
and therefore not useful in the 21st century. They suggest
that to increase the prospects of mathematics education,
better teaching methods that are friendly and student-centred
would help ‘unveil the reality of mathematical concepts to
the learners’. One of the ways abstract concepts in
mathematics can be brought to life for the student is through
the use of game-based environments in teaching.

Okafor [18] recommends a strategy that encourages
discussion, and diversifies the learning experience. In order
to create an engaging experience for students, mathematics
classrooms should introduce ways to make learning exciting
and adventurous. A shift from the traditional method of
teaching to those that engage better by appealing to more
than one of the sensory organs [19] is recommended [18]. In
contrast to the passive setup of classrooms in Nigeria where
it is often frowned upon to speak, Okafor [18] also suggests
that communication with peers and teamwork must be
encouraged. Barriers to sharing and talking amongst the
students and teachers should be removed. The learning
experiences of students should also be varied especially as
the attention span of young people can be very short [26].

B. Benefits of technology-enhanced teaching

Previous research has shown that one of the potential ways
to diversify the learning experiences of young people in the
classroom, and promote active learning is by using
technology [27], [28]. Reference Boticki ef al. [29] maintain
that technology offers new ways to learn such as providing
authentic learning environments that enhance the learning
experiences of students. Research has also shown that
learners’ engagement improves when learning occurs
through technology [30], [31]. Learning using technology
enhances engagement by promoting instant access to
information and proving hands-on learning [32]. Churchill
and Wang [33] also argued that technology results in high
motivational effects, serving as tools to reinforce students’
learning process.

Immediate feedback is one of the particular benefits
technology offers to the classroom [34]. This is of particular
interest in the Nigerian classroom context where it is often
difficult for teachers to provide adequate feedback to pupils
on their performances due to the high classroom population.
Immediate feedback is a key ingredient for self-regulated
learning as it provides information about how well one is
performing on a task [35]. It also provides information about
goals and learning process, both of which are essential to
self-efficacy, motivation, and improvement in cognitive and
metacognitive performance [36].
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Another benefit technology offers the learning experience in
the classroom is the allowance it affords learners to make
mistakes [37] without the concern of grievous repercussions.
Due to the demand on the teacher in a traditional classroom
and the number of students they have to attend to, it is often
not possible to allow individuals to try as many times as they
need to. The classroom is taught as a whole. The use of
virtual reality and in particular simulated learning
environments allows learners to make mistakes and learn in
a non-public manner. This supports learning and re-learning
as often as required by allowing the learner to make mistakes
and perfect their learning according to their own individual
needs.

Closely related to the allowance to make mistakes is the
ownership of the learning process technology provides for
students. The use of technology in the classroom promotes
autonomous learning [38]. It permits students to own and
control their individual learning and create their own
learning paths. This also changes them from being passive
participants to becoming active co-creators of their own
learning process.

Technology can also support collaborative learning,
allowing students to share and cooperate during the learning
process [39]. This can be particularly useful for supporting
peer feedback and increasing communication between peers
to support shared understanding and meaningful discussions
[29].

C. Learning in game-based environments

In the past few years, digital games have come to replace
many traditional games and have established their impact on
how leisure time is spent. This is largely due to the
availability of new consoles, platforms and technologies for
the delivery of games [40]. The increase in the number of
games and the amount of time children (and adults) spend
playing them has led to an increased interest by researchers
into gaming.

Digital games are one of the many technologies educators are
using in classrooms. While there are claims from some
studies that digital educational games have improved
learning and knowledge acquisition [41], [42], [43], results
from the use of digital games for learning should be treated
with caution [44]. There have been concerns about the lack
of rigour and empirical studies that have investigated
learning outcomes and digital educational games [45], [46].
However, the use of technology in the classroom should be
focused on more than just educational attainment. What
changes can be observed in the child’s engagement and
approach to learning, their motivation, and self-efficacy? It
is these aspects that are central to address the current
challenges observed in the Nigerian context.
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Digital educational games can accommodate various
learning styles and pace, which can result in increased
motivation for students [47], [48]. Given the way many
digital games are designed with several short-term goals and
a long-term goal, players can make progress and have a sense
of progression by achieving the short-term goals [47]. As Su
and Cheng [48] argued, the feeling of competence derived
from achieving the short-term goals may give the learner
continued motivation on their learning journey.

One of the ways digital educational games are being used to
enhance experience and motivate learners is by providing
context and live examples of curriculum content in the
classroom, often referred to as situated learning [49]. Clarke
and Gribling [50] argues that this feature of situated learning
promotes experiential learning and assists learners in
understanding the application of the concepts they are
studying. Hsu [49] also affirms that it improves on the
traditional one-way teaching by getting students to actively
engage in the learning environment themselves and changes
the role of the teacher from instructor to facilitator. This
aligns with the values of constructivism [51]. Constructivists
believe that for learning to occur, context is very important.
They stress that effective learning happens when the task and
context are real and tangible to the learner. Digital
educational games present a learning environment that
engenders related context. Through the active engagement of
the learner in the process, they are offered the opportunity to
learn by going beyond already established formulas or
solutions to develop their own solutions that work in
different contexts and scenarios.

Digital educational games also provide a collaborative
learning experience that promotes cooperation and
engagement in the classroom. Cecez-Kecmanovic [52]
suggest that more effective learning occurs during
interpersonal interactions in a co-operative environment
rather than a competitive one. Advocates of collaborative
learning have further argued that it improves communication
and dialogue between participants in the group, thereby
making them more critical learners [53]. Working with
others also exposes learners to a wider range of other
learners’ learning styles and perspectives enabling them to
appreciate and engage in a greater variety of approaches to
learning [54].

Despite the many possibilities offered by game-based
learning, its potential has not been fully realised. This is due
to a number of factors. One is that digital games do not have
a positive image. For example, research has shown concerns
about how games encourage antisocial characteristics [55],
[56], reinforce gender biases [57], and can potentially lead to
aggressive behaviours [58]. In addition to these concerns,
there is a significant shortage of experimental empirical
studies on what value digital games can offer to education
and learning, especially in formal settings [59], [40]. This
lack of evidence has meant that there is little concrete
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information to guide research and practice of game-based
learning implementation including the effective engagement
of stakeholders in the process. This has resulted in research
about the value of game-based learning producing
contradictory results [60], [61], [62].

A further challenge faced by digital educational games is
how to design and implement them effectively within a
classroom setting. Deeper investigation is needed
particularly when wused in a traditional classroom
environment. As suggested by [63], research into game-
based learning should focus not only on the features and
content, but also specifically on the target audience and the
learning outcomes: for whom it is being developed, and why
is it being developed? To address these concerns, the authors
initially worked with young people to identify a digital game
engagement framework which identifies the most important
set of factors that attract and engage young people in a digital
game [64]. This provided a framework for designing an
educational digital game to ensure it was entertaining as well
as educational. The design also considered that the learning
should align with the national primary mathematics
curriculum and would be used in a traditional classroom
setting in Nigeria.

The main aim of this study was to evaluate if SpeedyRocket,
a game designed in accordance with this framework and
educational requirements, could be used effectively to
stimulate interest and engagement with mathematics in a
Nigerian classroom. The research questions that guided this
study are:

1. What is the effect of digital educational games on
the attitude to mathematics of pupils in the
classroom?

ii. What happens when digital educational games are

introduced into the traditional Nigerian classroom?

II. RESEARCH METHODS AND SAMPLE

This study adopted an action research case study method
where the authors engaged with children and teachers from
a set of three primary schools in Nigeria to answer the main
research aim and associated research questions. The
implementation of SpeedyRocket for this case study used the
ideal research site features described by [65] to select the
schools. These features include sites where:

1. Entry is possible

il. There is a rich mix of the processes and people

1il. There is a possibility of building strong relations
with the participants

iv. Ethical and political considerations are not

overwhelming.
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The participants were 60 Primary Year 4 and Primary Year
5 (aged 8-11 years) students from the three primary schools,
each located in Ado-Ekiti state, Southern Nigeria. The 60
students were randomly assigned to either Group A (study
group) or Group B (control group) prior to the
commencement of the study. In terms of a rich mix, the
school populations were mixed with respect to gender and
socio-economic backgrounds. Prior to going out to the
schools, this research obtained ethical approval. The teachers
were briefed one month prior to the research and information
pamphlets were then provided to the parents through the
pupils two weeks before the intervention. The next section
provides more information about the design of the digital
educational game and its implementation of within the
classroom.

III. DESIGN AND IMPLEMENTATION OF
SPEEDYROCKET IN THE CLASSROOM

A. Design of SpeedyRocket: SpeedyRocket was developed
using JavaScript, HTMLS and CSS and could be supported
by every browser that complies with the HTMLS5 standards.
For the purpose of this study, the game was played on Google
Chrome. The development of the game went through 14
iterations (all  versions available  online  at
www.ajayiopeyemi.com/research/speedyrocket) with testing
and evaluation carried out at each stage. The 14th version
was used for this research study. In playing the game,
participants were expected to navigate their way in space to
reach their destination using the arrow keys. Before the
rocket can launch, participants have to calculate time and
fuel values for the flight based on distance and rocket speed.
Players collect as many coins as they can to unlock other
rockets, whilst avoiding obstacles that can destroy rocket
health. A 5% error is allowed for flight timings if values are
higher or lower than expected values. For example if the
expected flight time is 10 hours, then values between 9.5 —
10.5 are allowed.

Mathematical elements and formulae

The mathematical elements and formulae incorporated in the
game were:

Time = Distance/ Speed

Fuel Needed = Time x Fuel Consumption Rate

Parameters of distance, speed and fuel consumption rate
were supplied for each stage.

The authors undertook the design and development of
SpeedyRocket. This was because of the requirements for the
context of this study and the need to engage teachers in the
process. SpeedyRocket was designed to fit with aspects of
the mathematics curriculum. This was important, as its
use/acceptance was dependent on teachers’ acknowledging
that it supports the classroom delivery of the mathematics
curriculum. The learning outcomes of the game were drawn
from the teachers’ lesson notes. As the teachers informed the
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researcher, each mathematics period lasts for thirty minutes,
which covers introduction, classwork, and corrections. This
presents a strict constraint in terms of game time in the
classroom.

The main factor considered was the type of game that would
be developed. The researchers decided to make a 2D game
as opposed to the currently more popular 3D games. While a
3D game would present more interesting and exciting
graphics and possibly a more engaging experience to the
players, there was a key consideration that made the
researcher opt for a 2D game. A 3D game would require the
end device to have high specifications that could run the
game. At the time of the development, the researchers were
not certain about the devices available for the game so
planned to go with a design specification that could work on
low-end devices.

One other major determinant of the game engine was the
development approach adopted by the researchers. The
development of SpeedyRocket researcher used the iterative
design methodology. This method is well developed in game
design [66], [67]. It is based on a cyclic process of
prototyping, testing, analysing and refining a product or
process. In iterative prototyping, each prototype is not
discarded but used as the basis for the next iteration in the
development [68]. This was considered the most appropriate
methodology as it afforded the researcher the flexibility to
design, build, test and modify simultaneously and within a
short time.

The game engine was therefore limited to a 2D platform with
readily available events and behaviours and one that supports
iterative prototyping and deployments to test. The
researchers considered the following game engines: Game
Maker Studio [69], CoCo2D [70], GameSalad [71],
Construct2D [72] and Stencyl [73]. Although these all
support iterative prototyping, the researchers eliminated
CoCo2D, Stencyl and GameSalad as they do not offer
enough flexibility and extension to create new games.

Apart from the apparent shortcomings of these engines,
Construct2D is free to use and offer a better level of
flexibility with respect to create one’s own events and
behaviours. Another major advantage of Construct2D to the
researchers is its plugin feature. Construct2D plugin is in
JavaScript — which helps the developer extend or create
entirely new events and behaviours using the JavaScript
Software Development Kit (SDK) [74]. One of the other
major advantages of Construct2D is that it supports an
extensive variety of devices and platforms. This was quite
important, as the choice/availability of devices was not
certain during the initial development of the game.

The design requirements for the design and implementation
of this digital educational game were carefully drawn from
the engagement framework [75], [76] combined with the
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specific educational requirements of the environment in
which it was being used. The engagement framework
provides the set of factors (challenge, social interaction,
feedback, rewards, clarity of goal, immersion, thematic
appeal, visual appeal and creativity) that young people
regard as important entertainment elements in a game.

It also aligned with the estimation elements of the Nigerian
mathematics curriculum with a focus on calculating speed,
distance, time and fuel consumption. This latter requirement
of linking the game to the curriculum was important for
ensuring the teachers could see the relevance of using the
game in their classroom. In addition to the curriculum
connectedness, SpeedyRocket also had requirements around
ease of use and enabling environment- constructs drawn
from the initial work using the Technology Acceptance
Model (TAM) with the teachers [77].

The game has seven levels of play, of increasing complexity
and challenge. The authors were aware that the computers in
the participating schools either had low specifications or
were not functional. The schools were also not able to
confirm that electricity would be available to power the
desktop computers, or that there would be internet access to
run web applications. As a consequence, the research team
decided to design SpeedyRocket to run on any device with a
web browser, whether it has internet access or not.
Construct2D engine with Angular JS framework was used to
develop SpeedyRocket.

B. Implementation of SpeedyRocket: The implementation
of SpeedyRocket lasted for 3 weeks with one week of
preparation/follow-up and two weeks of implementation of
SpeedyRocket in the classroom. It took place in the second
term of the schools’ 2016/2017 academic session during
October 2016. All but one of the thirty pupils (one child was
absent on one of the days) in the study group played
SpeedyRocket for 160 minutes over two weeks - an average
of 15 minutes per session. The control group had traditional
mathematics lessons for 30 minutes every day while the
study group had 15 minutes for traditional mathematics
lessons and thereafter played the game for 15 minutes every
day for the two weeks. While the teachers in the control
classrooms kept to their usual practice and taught their
lessons on the chalkboard, teachers in the study group taught
in each period for 15 minutes and supervised the game-play
sessions for the rest of the time.

IV. DATA COLLECTION

Two types of data were gathered through the course of the
intervention. Two weeks before the intervention, the
mathematics attitude questionnaire was distributed to the
sixty pupils across the three schools to gather the baseline
data. Using the same questionnaire, follow up data was
collected from the pupils on the last day of the study. Video,
photos and notes using a proforma were used to collect
observation data from the classrooms during the game play.
The following instruments were used for the data collection
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1) Attitude to mathematics questionnaire

The questionnaire was developed using Keller’s ARCS
model of motivational design theories [78] as a basis with a
modified Fennema Sherman attitude scale [79]. It comprised
ten attitudinal questions and two demographic questions and
was kept intentionally short to limit the demand on the
classroom time and ensure the pupils did not lose
concentration while completing the questionnaires. A team
of primary school teachers from the Nigerian schools
checked the questionnaire for appropriateness of language,
style and layout for the target age group. The reliability of
the scale was also estimated using the Cronbach’s alpha
measure. The score is higher than the recommended 0.7 [80]
indicating that the scale is reliable.

The questionnaires were administered to the pupils before
and after the two-week intervention. Within each of the three
schools, the subjects were grouped into two classes: study
and control. The questionnaire measured the pupils’ attitude
to mathematics using a 10-item scale. For the descriptive
analysis, the responses were coded as strongly agree = 4,
agree = 3, neither = 2, disagree = 1, and strongly disagree =
0.

2) Pupils’ observation

Observation was used in this study to answer the ‘what is
going on here question’. Studies that have examined the use
of technology in schools often rely on self-reported data from
teachers or students, which can often be unreliable.
Observation also offers researchers insight into the ‘lived’
experiences of the pupils in the classroom context, and can
highlight areas that pupils may not necessarily want to talk
about or self-report. This was particularly important as this
study took place in classrooms where technology had not
been used initially.

Observational data was collected in order to ensure that the
experience of the pupils with SpeedyRocket could be
explored and captured in situ and to support the self-reported
data collected through the questionnaire. The observation
process allows a better understanding of the context of the
research and how it is influencing the classroom experiences
and occurrences. This was “so that theories remain grounded
in observations of the social world, rather than being
generated in the abstract” [81]. Also, in the context of the
pupils, there may have been elements they may have been
unwilling or shy to talk about in an interview or focus group.
Furthermore, “a major advantage of direct observation is that
it provides here-and-now experience in depth” [82].

The observation included the use of video, photos and notes
from the classrooms. A camcorder on a tripod and a stills
camera were used to record the gameplay in the classroom.
This was supplemented with notes on interactions,
communication and exchanges during the gameplay. These
were analysed qualitatively. The observer was a member of
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the classroom settings for both the traditional classrooms and
the SpeedyRocket classrooms where he observed the actions
and reactions of the control and study groups over the two-
week period.

V. DATA ANALYSIS AND RESULTS

The data from the attitude questionnaire was entered into
SPSS and the Wilcoxon Signed-Rank test was carried out to
test the hypothesis. The following presents details of this
analysis and the subsequent results.

1) Demographics: The demographics of the 60 research
participants are provided in Table 1

TABLE 1. DEMOGRAPHICS OF PARTICIPANTS

Age Frequency (%) Gender Frequency (%)
Control Group

8 27 Female 50
9 36 Male 50
10 20

11 17

Study Group

8 23 Female 53
9 33 Male 47
10 40

11 4

2) Descriptive analysis:

The means of the attitude scale are shown in Table 2 and
indicate that the attitude of the observed participants in the
baseline data is quite low. This is particularly true for item 9
(This mathematics class was worth my time and effort) for
the study group baseline, and item 10 (I would talk to my
teachers about a career that uses mathematics) for the control
group baseline. The two most positive responses for the
control and study groups (item 3 and item 4 respectively)
were neutral (item 3: M = 2.03; item 4: M = 2.53) showing a
generally poor attitude to mathematics in the classroom by
the participants.

TABLE 2. DESCRIPTIVE STATISTICS FOR CONTROL AND STUDY GROUPS

Baseline Means Post Means.
Item Description study group  control group  study group  contr(
1. Mathematics classes are not boring 1.97 1.53 3.00 1.
2. look forward to my mathematics classes 193 1.63 3.30 1.
3. I am comfortable in my mathematics classes 2.07 2.03 297 1.
4.1 love to attend mathematics classes 253 2.11 3.13 2.
5. Iwould like to have more mathematics classes 193 1.57 327 L.
6. I learn interesting things in mathematics classes  1.96 1.60 3.30 1’
7.1 would like to know more about the topics 230 2.00 3.17 2.
we did in the mathematics classes
8. I really enjoyed completing tasks in 1.73 1.83 327 1.
my mathematics classes
9. This mathematics class
was worth my time and effort 143 1.63 3.10 1.
10. I would talk to my teachers about
a career that uses mathematics 1.97 143 3.30 1.

As shown by the post intervention means (Table 2), the
responses of the study group to the attitude to mathematics
questionnaires improved and were more positive than those
of the control group. However, these numbers are not
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sufficient to determine if a significant change has occurred
among the groups within the two weeks. It was therefore
decided to use a more robust statistical test to examine the
differences, improvement and how significant they were.

The Wilcoxon Signed-Rank test is a non-parametric test
carried out to measure or compare differences between two
sets of data from the same participants from one point to the
other or after the participants have been subject to one or
more conditions. It is an alternative to the dependent t-test,
which is a parametric test and assumes an approximate
normal distribution. In the case of this data, the normality
assumption was violated, and so a Wilcoxon Signed-Rank
test was an appropriate alternative to use. The researchers
carried out separated non-parametric repeated measures on
control and study groups rather than a single one because
they were keen to examine the two groups separately.
Moreover, the baseline results for both groups showed that
they had slightly different scores. It was therefore
appropriate to treat the analysis in such manner.

Following [83] and [84], an appropriate method of creating
high, medium and low ranges from a likert-scale is to create
composite scores and assign it to a variable. This can be done
when the items of the scale are weighted equally — which is
true in the case of this study. The composite score is a
representative of the variable — attitude to classroom
mathematics. The intention was to assess this as a variable
and not assess the individual items on the scale as separate
constructs. To get the composite attitude to mathematics
score for the analysis, the likert values were weighted as
below:

Strongly agree (2)  Agree (1) Neither (0) Disagree (-1)
Strongly Disagree (-2)

Therefore, a response of “strongly agree” to the 10 items
will produce an attitude score of 20; “neither” would produce
0 while “strongly disagree” would produce -20.

The composite attitude to mathematics score was then
divided into three —-20 to 6 (low), 7-14 (medium) and 15-20
(high), and these were coded into SPSSv22 as 1,2 and 3
respectively. The Wilcoxon Signed-Rank test for the control
group was run and the results are presented in Table 3.
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TABLE 3. RANK TABLE FOR CONTROL AND STUDY GROUP

N Mean Rank Sum of Ranks...
Control group
Negative Ranks 2a 3.50 7.00
Positive Ranks 4b 3.50 14.00
Ties 24c¢
Total 30
Study group
Negative Ranks la 15.00 15.00
Positive Ranks 19b 10.26 195.00
Ties 10c
Total 30

a. Post < Baseline
b. Post > Baseline
c. Post = Baseline

The control group’s results shows that 2 participants had
lower ranks after the two weeks than before the two weeks,
4 had positive improvements in their ranks and 24 saw no
change in their ranks. For the study group, 1 had a lower rank
after the 2 weeks, 19 had higher ranks compared to the
baseline while there were 10 ties. These ranking results show
a positive shift in the composite attitude scores of the study
group compared to the those of the control group.

The test statistics Table 4 shows a significant (p < 0.05)
positive change (as also shown by the rank table and post-
means) in the attitude to mathematics (Z =-3.464; p=0.001),
while the results for the control group did not present any
significant change (p > 0.05; Z = -0.816; p = 0.414). These
statistical results show that the study group have a more
positive attitude to mathematics following the intervention
compared to the control group.

TABLE 4. TEST STATISTICS TABLE

Control group

Z -816
Asymp. Sig. (2-tailed) 414
Study group

Z -3.464
Asymp. Sig. (2-tailed) .001

The followiﬂg section presents the findings from observing
the use of SpeedyRocket in the classroom.

3) Observation of SpeedyRocket gameplay

The quantitative results and analysis presented above
demonstrate that young people who played digital
educational games alongside their traditional mathematics
lessons reported better attitude and enjoyment of the
mathematics classroom. However, the quantitative results do
not provide any information about the changes in the
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dynamics between teachers and pupils as well as other
changes in the classroom experience of the pupils.

This section presents the key themes that emerged from the
observations. Each theme presents the contrasts between the
traditional classroom and the game classroom as well as the
transformation that occurred with the digital educational
game.

a) Increased Motivation and Enjoyment

One of the challenges teachers face in the classroom is that
of motivating students [85]. This is particularly the case with
Science, Technology, Engineering and Mathematics
(STEM) [86]. Anecdotal evidence suggests that even high
achieving students may not be motivated to learn
mathematics, and do it only because they know they have to,
and then they drop the subject as soon as they think it is no
longer important. But mathematics skills are becoming more
important in today’s world and they are central to success in
other science and engineering careers.

Figure la Pupils from ‘school A’ during one of the play
sessions

The traditional classrooms in Nigeria, especially the upper
primaries are often viewed as boring. Kindergarten classes
(3-5 ages) are exciting as pupils’ activities and tasks are more
engaging and fun. However, the fun reduces from primary
one (age 6) up until primary 5 (10) where ‘serious
academics’ is the order of the day. Little or no fun,
exploration or discovery is done in upper primary— this is the
status quo in the classes. During the gameplay sessions, the
first observation of the pupils who played SpeedyRocket was
their increased motivation, enthusiasm and excitement with
classroom mathematics. The current study cannot
discriminate between the effect of the Speedy Rocket game
and that of the tablet devices themselves. The traditional
mathematics classroom presented mathematics as a
theoretical and dull subject. The teachers and pupils both
know this. Mathematics is not a subject many of the pupils
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looked forward to, so the excitement and enthusiasm that
accompanied the mathematics period in the study group was
obvious. With the control group, the usual reaction to the
sound and announcement of the school bell for ‘mathematics
period’ was the lack of enthusiasm and eagerness. There was
also a visible difference in the amount of focus pupils in the
study group had on classroom tasks. It appeared from the
observations that the children demonstrated a deeper level of
involvement in the tasks.

The traditional approach of the teacher writing on the
chalkboard, explaining examples and giving pupils their own
tasks to do was the teaching style observed in the control
classroom. Pupils remained visibly disconnected and mostly
participated because they had to with the teachers
continually asking the pupils to focus. However, the study
group looked more like the lower primaries and kindergarten
classrooms, with pupils smiling, engaging and interested in
both the play and the tasks. For these pupils, the use of the
game enhanced their learning experience, captured their
attention and focus and provided an opportunity to enjoy the
classroom mathematics. This increased their motivation
making them more receptive and ready to learn.

The pupils were aware that the game formed just part of their
usual mathematics period. They knew they were also doing
tasks associated with the topic that was on the chalkboard,
yet despite that, their interest in the mathematics topic grew
as they played the game. They did the calculations on their
worksheets with more enthusiasm, and this was noticeable as
they knew they needed to use the results to ‘power their
rockets’ in the game. The application of the calculations was
immediately apparent and the incentive to perform the
calculations was also evident to the pupils.

b) Change in young people’s perception of failure
In the traditional classroom setting in the school, the
mathematics period starts with the teachers presenting the
topic with examples for about ten minutes. After this, he/she
gives the class a set of exercises to do based on the examples.
The teacher then collects the pupils’ books, scores them and
hands them back to the pupils. The correction of the tasks is
performed on the chalkboard and students who missed some
exercises write the corrections into their books. In Nigeria’s
primary education setting, the performance position of each
pupil within the classroom is widely used. There is a general
sense (from teachers, pupils and parents) that some pupils are
brilliant and smart while others are not. This assessment is
based on the daily and weekly performance in classroom
exercises. The report sheet at the end of the school term,
which is cumulative of classwork, tests and exams, shows
the positions of the pupils from first to last position — with
high-achieving students awarded prizes at an event attended
by teachers, pupils and parents. This end of term activity is
also modelled daily in the classroom. Pupils who are not
considered ‘brilliant’ are often not expected to do well in
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mathematics. This attitude from teachers and other pupils in
the classroom can often discourage these pupils from
engaging in the classroom. From observing the traditional
mathematics classroom, it was easy to identify the pupils that
are classed as brilliant and the ones that are classed as not so
smart.

The fear of saying something wrong, failing, and being
classed as ‘poorly performing’ in the classroom isolates,
stresses and disengages these students in the classroom. The
practice in the classroom is that teachers share the scores of
every pupil to the whole classroom. In becoming part of the
classroom and in order to perform better, pupils can end up
stressed and may even give up responding to questions or
assume that they are not good at mathematics.

The stress from the fear of failure is often compounded by
the insecurity pupils feel. Not all pupils get the chance to
show they are good at something in the classroom as teaching
is fully theoretical and performance-based.

Figure 1b Pupils from ‘school A’ during one of the play
sessions

In the study group, pupils’ confidence as well as comfort
visibly increased. Engaging with the game appeared to result
in a decrease of both anxiety and stress that often
accompanied mathematics lessons. Learning while having
fun, without the pressure of getting it at once or according to
a standard method on the chalkboard brought calmness and
relaxation to the learning experience. Pupils were also more
tenacious and persistent in solving problems. It was
interesting to observe that they felt they knew they could find
the solutions to the mathematics tasks. Failure was no longer
a permanent stop for them but was an invitation for them to
try harder at their own pace without the pressure of being
classed as poor performing or less intelligent than others.
From the observation, players enjoyed the flexibility and
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freedom to try as many times as possible to succeed as they
played.

This agrees with previous findings from game-based
learning [87], that argues that one of its values is the chance
it provides to players to fail in a safe environment where their
decisions do not cause catastrophic implications. The stigma
in the traditional classroom associated with being the person
the whole class is waiting on to progress to the next task was
missing during the game-based learning sessions. It was
alright for the pupils to learn at their own pace, and try things
out and experiment until they were satisfied with their
results.

c) Personalised learning pathways

In contrast to some implementations of digital game-based
learning in the classroom, this study did not use a leader
board, or anything similar to record achievement during
game play. Primarily, this was to avoid a competitive
situation which might discourage pupils who may not
progress through the game as quickly as others. It also
allowed the research team to explore the actions and
reactions of the pupils to the different game dynamics. Given
that different engagement factors were built into
SpeedyRocket, the researchers were keen to observe how the
pupils interacted with the game with respect to the different
factors.

¥ ~
Figure 1c Pupils from ‘school B’ during one of the play
sessions

One of the interesting observations from the gameplay is the
different ways pupils chose to structure their play and how
that presents different definitions of success. To some,
success in the game was the accumulation of coins, while to
others it was progression from one planet (level) to another.
While some students chose to earn more coins to buy a
bigger rocket which could travel faster and help them make
progress in the game, other pupils simply made more coins,
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and stayed on the same level. They appeared to be more
fascinated by the rewards but less concerned about
completing the levels. Another example is provided through
the creativity feature embedded within SpeedyRocket. Whilst
some pupils spent time designing their rockets, and naming
them, other players skipped the process and just wanted to
start the game and get on with it. The pupils interacted with
the game in a variety of ways, reinforcing the findings from
[88] on the spectrum of game engagement factors. Individual
players find different combinations of engagement factors
personally appealing.

d) Collaboration and cooperation in the classroom

As noted earlier, the traditional classroom, especially the
older ages is mostly quiet apart from the teacher’s voice
explaining or passing instructions to the pupils. The class
captain often keeps a list of ‘noise-makers’ who are punished
by the teacher at some point during the day. The quietness is
accompanied by a strong sense of competition as the pupils’
performances are assessed by who gets the highest score in
classroom tasks. However, this competition manifests in a
negative fashion, discouraging teamwork or peer support.

In contrast to this dynamic, in the study group classroom,
collaboration and teamwork were apparent. Pupils, knowing
there was no noisemakers list being written had the freedom
to be expressive. The usual ‘calm down’ and “face your
work” in the traditional classroom was overturned. The
expressions came in the form of cooperation but also

competition.

It was interesting to observe some of the pupils who had
completed some arithmetic calculations on their worksheets,
or successfully navigated one of the planets, offering to help
their colleagues through the same process. The pupils shared
advice and tips on how to make progress in the game. This
peer support did not remove competition as some players
who offered to help and share tips on how to make progress
in the game still celebrated their wins and advancements over
the players they helped. Some of the pupils took up
leadership positions in the classroom, sometimes jumping
out of their desks to go across and help others to navigate a
difficult path or do some arithmetic.

SpeedyRocket helped to break the barrier of communication
in the classroom as pupils engaged and interacted with one
another. This change was not acceptable to some of the
teachers: it challenged the fundamental structure of
classroom setup in the schools.

e Power shift in the classroom

This is one of the most apparent changes the researchers
observed between the control and study classrooms. It was
also the second most challenging change (after interactivity)
for the teachers to accept. In the traditional classroom,
teachers are the ‘sage on the stage’. They are considered to
be the ‘expert’ and for the majority of the time, instructions
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are handed down to the pupils. The teachers do most of the
talking while the pupils respond once in a while to questions
(from the teachers). The questions are also usually closed-
ended, such as “do you understand?” or “is this right?”.
These questions often do not require any thinking from the
pupils, who mostly chorus “yes” or “no” depending on what
they think the teache& wants to hear.

3

8
Figure 1d Pupils from ‘school C’ during one of the play
sessions
The pupils are mainly recipients and consumers of
information and therefore take a submissive role in the
classroom. Due to this perspective and image of the teachers
as ‘experts’, pupils do not question styles, methods or
anything that the teachers write on the board. These things
are considered to be sacrosanct and final. This power
position of teachers means that pupils are largely excluded
from the process of knowledge creation in the regular
traditional classroom.

This dynamic changed in the study classroom. Apart from
the improvement in the enthusiasm of the pupils, as the
pupils began to feel more empowered, they felt more in
control of their actions. It increased the interest, participation
and involvement of pupils in the classroom compared to the
traditional control classroom. Pupils took a greater
responsibility for their learning and teachers played a
supervisory role as opposed to the driver role. As mentioned
earlier, this was strange to the teachers, who are used to
doing most of the talking while students looked on. These
teachers now had to look on as pupils played the game and
found ways to complete the tasks by themselves. The
teachers were not completely left out of the process, but they
moved on from being the ‘sage on the stage’ to being a ‘guide
on the side’.

VI. DISCUSSION

Firstly, the findings from this study show compelling
evidence that digital educational games can improve the
attitude to and engagement with mathematics of young
people in the classroom. This supports other evidence from
literature [34], [37] that suggest that the use of technology
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can enhance the motivation and attitude of students in the
classroom. The components of the ARCS model were
significantly improved in particular. as shown in the results
of the post questionnaires. Particular items like “looking
forward to my mathematics classes”, and “learning
interesting things in mathematics classes” were evidenced
through the improved scores of the results of the post
questionnaires with the study group. The wuse of
SpeedyRocket demonstrates how digital games can be used
to effectively transform the Nigerian classroom climate from
what Bature ef al. [13] described as “unengaging, boring and
teacher-centered”, to a fun, student-centered and engaging
space for students to effectively participate and learn.

In addition to providing a more engaging classroom
experience, findings from this study suggests that digital
educational games can potentially bridge the gap between
practical knowledge and theoretical understanding by
presenting the educational concepts and their application in
a more relatable way to students. This agrees with other
research that suggests that digital game-based learning
engenders experiential and practical learning [50], [51]. This
is advantageous in two dimensions — firstly, it helps to
address the challenge of impractical and rote teaching of
mathematics identified by Etuk and Bello [3]. This challenge
is particularly common in countries like Nigeria where
practical science knowledge is not readily available and the
economic environment limits the access of pupils to practical
lessons. By providing a platform for students to experience
and contextualise their learning experience, the use of digital
game-based learning could offer this practical experience to
learners.

Secondly, digital educational games have the capacity to
create interests in subjects and careers that are experiencing
shortages —especially STEM careers. Item 10 —“T would talk
to my teachers about a career that uses mathematics”,
showed a significant improvement post the use of
SpeedyRocket in the classroom. Digital educational games
can therefore generate interest in not just classroom
mathematics but also in related careers by providing
practical and contextual examples of the application of the
subjects and lessons they learn in school to the real world
[50].

As previous studies suggest, one of the ways to diversify the
learning experience of pupils is to encourage collaboration
and teamwork [18], [53]. This was observed during the
game-play sessions that took place as part of this study.
Collaboration and cooperation provided a more engaging
environment for the young people to learn together in the
classroom. Likewise, friendly competition made the
classroom atmosphere more exciting and interactive as
students shared and learnt together. An interesting discovery
was the confidence that the learning process produced with
the pupils who are usually quiet and less responsive in the

This work is licensed under a Creative Commons Attribution 3.0 License. For more information, see http://creativecommons.org/licenses/by/3.0/.



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/ACCESS.2019.2912359, IEEE Access

IEEE Access

Multidisciplinary : Rapid Review : Open Access Journal

traditional classroom. This research illustrates that
collaboration, cooperation and teamwork can be put to use in
getting learners to interact better in the classroom, thereby
addressing the monologue challenge the Nigerian classroom
faces [18], [19] and technology can support this
collaboration.

The specific contribution of this research is the
understanding and insight it provides into the changes in the
classroom dynamics when the digital educational game was
introduced. Most research into digital educational games has
been carried out in classrooms in developed countries where
the culture is different to that in Nigeria. As Perrotta ez. al.
[64] suggests game-based learning research needs to be
carried out in respect to the context of study. As such the
results of the impact of digital educational games cannot be
generalised especially when the peculiarities of the specific
educational context are considered. This research opens up a
window of understanding by providing a rich qualitative
account of the changes that occurred in a classroom through
the introduction of a digital educational game, with the most
important change perhaps being the shift in the power
balance in the classroom. The use of SpeedyRocket in the
traditional classroom ‘gave voice to the pupils’, and although
it did not silence the teachers, it was not the most comfortable
situation for them.

In addressing the main research aim, this research also found
out that it is not enough to design an engaging game. It is
equally as important to carefully consider the status quo of
the educational context and how the innovation is likely to
affect the current dynamics. Much more than that, it is
important to prepare the stakeholders for the changes that
will likely occur.

These findings suggest profound implications for using
digital games and also digital technology generally in
education in Nigeria. Amidst several calls to adopt
innovative tools and integrate them to solve existing
problems in the classroom [28], [29], [49], it is important that
this is not a rushed activity as this could risk creating more
problems. It should be well planned and structured. The
findings of this research align with earlier literature [3], [13],
[18] suggest that mathematics in itself may not be the
challenge, but the challenge is how the subject is delivered
and the inherent structure of classroom practice in Nigeria,
agreeing with existing literature [3], [13], [18].

It implies that for young people to be better engaged in the
classroom, barriers to communication, sharing, cooperation
and collaboration need to be broken down [30], [54]. While
digital educational games are great tools to enable this to
happen, teachers do not necessarily have to use games to
change the dynamics. However, there is a need for them to
first acknowledge that the dynamics in the classroom need to
change to facilitate a more student-centered, participatory
and active learning approach, and for them to understand
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how they can contribute to that change. Many of the previous
research studies as to why technology adoption and
integration is slow in Nigeria have focused on factors such
as unavailability of devices, infrastructure development and
government policies. However, this research highlights the
overarching significance of potential disruption to the status
quo to the dynamics of the traditional classroom.

VII. FUTURE RECOMMENDATION AND
LIMITATIONS

This study adopted a rigorous approach to the research, but
the authors still recognise there are limitations to the study in
terms of context and learning gain. The study was set in three
primary schools in one state in Nigeria. It would be useful to
look at a wider or different sample of young people to
determine whether these would yield similar findings. In
particular the authors would be keen to explore the
following:

e  Undertaking further interventions with groups of
young people in similar and different contexts and
locations

e  Exploring the impact of individual differences such
as age, gender, and technology proficiency on the
results.

e  Exploring whether an external control group (to the
population under study) could be used to control the
Hawthorns effect [89].

Also, this particular study did not evaluate the learning
effectiveness of the game, as this was not the focus of the
study. However, given that ultimately the goal of a classroom
teacher would be to see if the tool they adopted does support
the learning of their pupils, a future study could include an
evaluation of the learning effectiveness of the digital
educational game.

Finally, this study collected and measured attitude and
engagement immediately prior to and posts the use of the
game in the classroom. However, these concepts are much
more complex and should be approached more critically. A
longitudinal approach in which data is collected several
times during and for a more considerable time after the
intervention would provide an analysis of the effect the
digital game is having on the young people over the longer
term.

VIII. CONCLUSION

The use of digital educational games can help improve the
engagement and attitude of pupils to mathematics in the
classroom. Games can provide a useful tool to disrupt the
classroom to bring about a more active learning experience,
as observed in this study taking place in traditional
classrooms in Nigeria where rote teaching and learning is
common.
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This research was conducted to examine what happens when
a digital educational game enters a classroom — one in which
such tools have never been used. The statistical analysis of
the results shows that there was an improvement in the
reported attitude of the pupils who played the digital game
compared to the attitude of those who did not play. The
classroom observation also shows that the use of
SpeedyRocket improved classroom engagement and
interaction and provided a more individualised learning
experience for the pupils. Most importantly, this study
supports the notion that digital educational games are found
to be useful tools in breaking down barriers between learners
and changing the classroom dynamics by helping young
people to be active and collaborative participants in their
learning and teaching of mathematics. The findings of this
study provide valuable insights into the advantages of
technology-enhanced learning for teachers, policy makers as
well as learning technologists.
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