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ABSTRACT
Digital games are part of everyday childhood and adolescence. The debate has

moved from whether young people should play digital games, to how they might
best benefit from gameplay, including through education. Mathematics is under
threat in Nigerian primary education: pupils report it to be boring and difficult, and
teachers say pupils are not engaged. Research shows that even when pupils are
achieving academically in mathematics, engagement with the subject is low.
Previous research suggests digital games can help engage reluctant learners, but
most of the studies have been carried out in developed countries where technology
is widely used and classroom practices are different. The overall aim of this study
is to see how games can be used to provide an engaging experience for pupils in

the Nigerian mathematics classroom.

Using mixed methods approaches, two background studies on an engagement
framework and a modified Technology Acceptance Model (TAM) was used to
inform the development of a prototype digital educational game SpeedyRocket.
This was used over two weeks with 60 pupils and 9 teachers in Ado-Ekiti, Nigeria.
Pupils were randomly assigned to treatment and control groups. Evaluation was
carried out through a combination of a questionnaire, classroom observation and
teachers’ focus groups. The quantitative results demonstrate significant
improvements in the reported engagement of pupils with mathematics in the
classroom after two weeks of using SpeedyRocket. In addition to this, the use of
the game changed the dynamics of the classroom — learners played more active
roles in the learning process, communicating and collaborating unlike before.
Teachers as well saw the usefulness of the game although remained concerned
about the inadequacy of resources, training, support, and availability of time.
Overall this research demonstrates that if carefully designed and implemented,
digital educational games can improve engagement with subjects that pupils may
find boring and uninteresting as well as breakdown barriers to interaction and

engagement in the traditional classroom.
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1 CHAPTER ONE - INTRODUCTION

1.1 Overview of research and problem statement

Over the last few years, digital game-based learning has continued to gain attention and
interest among game designers, educators and researchers. This has been partly due to
advancements in technology and computer capabilities making technology so ubiquitous that
even mobile devices are now sufficiently powerful to accommodate and run sophisticated
digital games. Another reason is that people, especially teenagers and young people, now
play games more than ever before (Barr, 2017). The video game industry has surpassed both
the music and video industry in sales (Hollingdale and Greitemeyer, 2014), with the global
market expected to grow from $101 billion in 2016 to an estimated $128 billion by the end of
2020, with mobile gaming comprising 42% of that (Global Games Market Report, 2017).
Therefore instructors and educators are exploring game-based learning as new teaching
methods that offer strong potential for providing effective and engaging educational

experiences for learners.

Simulation, which is a form of game-based learning, has been widely used in many sectors
from business (Poonnawat et al., 2015) to nursing (Koivisto et al., 2017). It has been found to
be particularly effective in teaching complex concepts in science and engineering (Benitti and
Sommariva, 2015; Braghirolli et al., 2016). Apart from its suitability to teach complex
scientific information, simulation also offer learners some level of control and ownership of
the learning process and therefore fosters better understanding and retention of concepts
(Podolefsky et al., 2013). In simulations, learners learn by doing, and that allows them to
relate to and understand complex concepts better (Ramasundarm et al., 2005). Mathematics is
an example of a subject that contains abstract and complex concepts. It is a very important
subject not just to the general development of problem solving skills, but also to long-term
careers in engineering and science. Despite its importance, the problem of decreasing interest
from pupils in primary school to secondary school, particularly in Nigeria, has been widely

reported and researched (Adebule et al., 2016; Ajai and Imoko, 2015; Perry et al., 2016).

Despite the many possibilities offered by game-based learning, its potential has not been fully

realised. This could be due to various factors. One is that digital games in themselves do not
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have a positive image. For example research has shown concerns about how games
encourage antisocial characteristics (Greenfield, 2014; Calvert et al., 2017), reinforced
gender biases (Pietri et al., 2017; Lynch et al., 2016), and can potentially lead to aggressive
behaviours (Gabbiadini et al., 2016; Kneer et al., 2016). In addition to these concerns, there is
a significant shortage of experimental empirical studies on what actual value digital games
offer to learning, especially in formal settings (Moser, 2016; Connolly et al., 2012). This lack
of evidence has meant that there is little concrete 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 (Chung-Yuan et al., 2017; Tsai and Pai, 2012; Crocco et al.,
2016).

One other major challenge with digital educational games is that they tend to focus too much
on learning and then they miss out on the fun ‘play’ part (Girard et al., 2013; Graesser, 2017),
which is the main reason why young people play digital games in the first place. Young et al.
(2012) suggest that many of the so-called ‘digital educational games’ are too focused on the
educational content, created around traditional drill and practice methods and stress the
memorisation of facts, thereby doing very little to engage and stimulate interest from the

players.

The research into how digital educational games should be built for teaching and learning in
the classroom is challenging. While there are studies into how digital educational games can
be made engaging for young people, the games they play for entertainment are increasingly
sophisticated. Indeed, advances in the technology, interaction models, and design trends of
entertainment games proceed at a rate beyond that which can be achieved by research into

educational games.

This evolution of entertainment video games means that the research into how their concepts
can contribute to digital educational games is a sophisticated one. It is therefore imperative
for new studies to investigate recent games and their players to determine what may be useful

for the designers of digital educational games.
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Another challenge digital educational games face is that of use. Digital games, as informal
learning tools, need deeper investigation before they can be used effectively in formal
settings like a traditional classroom. As suggested by Perrotta et al. (2013), research into
game-based learning should focus not only on features and content, but also specifically on
the development — who it is being developed for, and why it is being developed. These are
the reasons for this study. The research questions that guided this study are presented in

section 1.2 below.

1.2 Research Questions and Objectives

The aim of this research is to see how digital games can be used to provide an engaging
experience for pupils in the mathematics classroom. The research questions and objectives

are as follows:

RQ1: How can digital educational games be designed and developed to engage players? To
answer this are the following objectives
R-OBJ1: To identify factors that are essential for young people’s engagement in
digital games.
R-OBJ2: To propose a framework to guide the development of engaging digital
educational games from the above investigation.
RQ2: How can the intention to adopt and integrate digital educational games by teachers in
Nigeria be understood?
R-OBJ3: To identify factors that influence Nigerian teachers’ intention to adopt and
integrate digital educational games in the classroom
R-OBJ4: To propose a model based on the results of R-OBJ3
R-OBJS: To statistically test the hypothesis developed in R-OBJ4
RQ3: What is the effect of digital educational games on the engagement of pupils in the
mathematics classroom in Nigeria?
R-OBJ6: To identify/observe any differences in the traditional classroom experience

and the digital games’ classroom experience of pupils in Nigeria

1.3 The Position of the Researcher in the Current Study

Research, especially those that employ qualitative data collection and analysis methods is a

subjective practice. This is because no researcher comes to a topic/subject with a clean slate.
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It is therefore responsible and ethical on the part of the researcher to present their
preconceptions and influences on the study. Mansfield (2006) explains reflection as “an
examination of the filters and lenses through which you see the world”. The reflection of the
researcher helps them to explore and understand what they bring to this research and how
their personal history influences it. I am pro-technology. I have a substantial amount of
experience designing and developing desktop and mobile applications. However, during the
course of my professional career, I also taught Information Technology in a couple of
secondary schools in Nigeria. My technical expertise coupled with my experience in the
classroom fuelled my desire to do this research. I wanted to find out if technology could be
used to provide an engaging experience to young people in the classroom. Understandably,
my experience with technology meant that I could easily use it and I could also easily

identify its place in the classroom.

In addition to this, my personal philosophy and value system had its influence on this
research. I believe that human input is key to the success of any experience. I believe that the
voices of the teachers are not only the ones that should be heard in the classroom. I believe
that learners (no matter their age, gender, background, ability or disability) have a right to be
heard, to participate, and to contribute to their learning process. The research described in this

thesis is influenced by these beliefs and also by the constructivist perspective.

I agree with the notion that knowledge cannot be wholly objective but that it is often
constructed through experiences and interaction with others.

The researcher took a constructivist position to the current study. The researcher believes that
the acquisition of knowledge by a learner is not entirely objective but that learners construct
knowledge consciously by themselves — individually and socially. That stance that
knowledge is not independent of the meaning attributed to experience by/of the learner or a
community of learners guided the data collection methods and analyses in this research as

they take into account participant’s experience and beliefs.

However, the researcher beliefs that even though the person of the researcher influences the
intervention, methods, and analysis, research should be conducted rigorously and ethically
and justifications should be provided for decisions made. For the two background studies
conducted as part of this research — game engagement framework and technology acceptance

model, the researcher collected qualitative data in addition to the quantitative data in order to
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explore and focus on individuals’ experiences and feelings with the aim of triangulating the

findings of this research.

The main site for this research is Ado-Ekiti, Nigeria. The researcher for several reasons chose
this site - the first and major being the ease of access. I had previously lived in Ado and I
know the area well. I ruled out other locations and cities due to the amount of time I knew
could potentially be spent on making contacts and obtaining approval to get into schools.
Also, with Nigeria being a multicultural country with over 500 languages, I envisaged that I
may have to speak the local language of the region during the course of the fieldwork and I
wanted to be sure I could communicate properly in the local dialect if need be. This
familiarity also helped my understanding of the dynamics of the research site as I have taught

and I have been taught in the region before.

1.4 Scope of This Research

As mentioned earlier, the aim of this research is to consider how digital educational games
can be used to provide an engaging experience for pupils in the mathematics classroom. This
is not a novel research here especially in developed countries. The use of digital games and
other technologies in the classroom has been widely considered and researched, albeit with
varying results and conclusions. However in developing countries, it is mostly unheard of or
at best underutilised. Furthermore, the concept of engagement is multi-faceted and at such

needs to be clarified in the context of this study.

In this study, engagement is explored in two dimensions: engagement in the digital
educational game (fun and engagement) and engagement in the subject of the digital
educational game; in this case mathematics. The latter is otherwise referred to as having a
positive attitude towards the subject the game is used for in the classroom; being motivated
and interested in learning it. In this study, these two dimensions represent the totality of an
engaging experience in the mathematics classroom using digital educational games:

engagement with the game and engagement with the subject.
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1.5 Curriculum and its Role in Education

In basic terms, the curriculum encompasses everything that students learn in school.
However, according to UNESCO (2018) it is much more than subjects that are taught and set
out within the textbooks. It is a ‘systematic and intended packaging of competencies (i.e.
knowledge, skills and attitudes that are underpinned by values) that learners should acquire
through organised learning experience both in formal and non-formal settings”. This implies
that the curriculum is expected to satisfy and reflect the needs of a society by incorporating

its educational aims and purposes.

What makes a quality curriculum is a pertinent question. Stabback (2016) presented a
comprehensive summary of four categories for judging the quality of a curriculum as part of

a report for UNESCO. The categories are presented in Figure 1.1:

Development of
the curriculum

Evaluation of the The curriculum
curriculum itself

Implementation
of the curriculum

Figure 1.1 Categories of criteria for judging curriculum quality (Stabback, 2016)

The first category is the development of the curriculum. According to Stabback (2016), the
development of a quality curriculum needs to be planned, inclusive, led by professionals and
sustainable. This implies that the process of putting the curriculum together should not be a
‘rushed activity” but rather be strategic and accountable. It should also take into
considerations the peculiarities of the intended context and at the same time ‘look-beyond’ to
learn from what others are doing outside the particular context. Stabback (2016)
recommended that the plan for curriculum development should include consultation

activities, timelines, and required expertise as well as anticipated costs. In order for a
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curriculum to be quality, it also needs to be inclusive and consultative. This means that the
curriculum needs to first of all acknowledge the interests of the stakeholders and seek ways to
capture their inputs in its developments. Principals, head teachers, teachers are key
stakeholders that should play a critical role in the development of the curriculum, as they
ultimately will be tasked with the responsibility of implementing it. Other important
stakeholders are students and their families, employers, tertiary institutions, communities and
governments (Stabback, 2016). While the input of all these stakeholders is vital in the
development of a quality curriculum, the curriculum development process should be led and
managed by professionals who have experience in the subject. Capacity development of those
involved in the process of curriculum development may be necessary to ascertain that they
have the requisite knowledge and skills to deliver a quality curriculum (Pepin et al, 2017,

Stabback, 2016; Jackson et al, 2015).

The second category of what makes a quality curriculum is the curriculum itself. Key
characteristics of a good quality curriculum are: values the equality of child, possess high
quality content, and is well organised and structured (Stabback, 2016). A curriculum that
values equality caters for the various interests, aspirations and preferences of each child by
providing an opportunity for every child to achieve his or her full potential. This means that
the curriculum should be inclusive (regardless of gender, ethnicity, ability or cultural
background) and differentiated (caters for the different ways pupils learn). In addition to
providing high quality subject-specific knowledge, a good curriculum develops broader
competencies in communication, collaboration, problem thinking, creativity and diversity
amongst other things (Harlen, 2017; Stabback, 2016; Billet, 2003; Aitken and Neer, 1992).
The quality of the structure and organisation of the curriculum is very important. Stabback
(2016) maintains that a good curriculum is “carefully and clearly documented”. This is
important for effective and efficient understanding by the stakeholders as well as
implementation by the teachers. Curriculum should clearly convey the intended learning

outcomes and should be user-friendly and accessible to the users.

The implementation of the curriculum is another dimension for judging its quality. Whilst
clear emphasis should be placed on the development process and the content of a curriculum,
these should be accompanied by good delivery and implementation. According to Stabback
(2016), the implementation of the curriculum refers to “how the written curriculum is

presented to students and how teaching, learning and assessment actually happen. Education
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systems, schools and teachers make numerous decisions as they ‘translate’ the requirements
and advice of curriculum documents into meaningful and effective learning activities in the
classroom. In quality curriculum, the responsibilities of the various stakeholders are made

clear so they can sufficiently participate (Penuel et al, 2007; Samson and Charles, 2018).

Teachers play the most prominent role in curriculum implementation (Glatthorn et al, 2018;
Cviko et al, 2014). The interpretation, adaptation and construction of the activities from the
content of the curriculum is carried out by the teachers (Stabback, 2016). It is therefore
important that teachers are equipped in these duties and be supported in the adaptation and
implementation of the curriculum to deliver the intended learning outcomes and experience

to the learners.

Regular and systematic evaluation is the final characteristic of a good quality curriculum.
Usually, this stage of the curriculum process receives the least attention even though it is one
of the most important (Barrow, 2015). According to Stabback (2016) the evaluation of the
curriculum should be based on a clear purpose and scope, and carried out by experienced and
qualified personnel. He further suggests that the rationale for the evaluation must be
identified and be within a clear quality framework. Furthermore, professionals who have
adequate understanding of the subjects, as well as evaluation strategies and processes should
conduct the curriculum evaluation process. They should also be able to report their findings

objectively and professionally.

The Nigerian Educational Research and Development Council (NERDC, 2018) is the
curriculum agency established by the Decree 53 of 1988 (NERDC, 2018). It is tasked with
various educational responsibilities (as it is a merger of four different bodies - the Nigerian
Educational Research Council (NERC), the Comparative Education Study and Adaptation
Centre (CESAC), the Nigerian Book Development Centre (NBDC), and the Nigerian
Language Centre (NLC)). The body is chiefly responsible for formulating and publishing the
overall National Policy on Education in Nigeria. However, one of its other major functions is

the development of curricula at all levels of the education system in Nigeria (Igbokwe, 2015).

Several authors have researched and written about the challenges facing education in Nigeria.
The problem of a poor curriculum has been reported by some of these authors. Curriculum in

Nigeria has problems on all four dimensions of what makes a quality curriculum discussed
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earlier in this section. According to Adolphus (2011) one of the challenges to the effective
teaching and learning of geometry in secondary schools in Nigeria is the poor curriculum
used in the schools. Osafrehinti (1986) highlighted two key problems with the curriculum in
Nigeria — one, the introduction of new curriculum in Nigeria often catches teachers unawares
as they are not usually carried along in its development. Two, teachers’ training (which
happens at the colleges of education), curriculum development and classroom practice and
delivery all happen in isolation and individually, so the teachers who use the curriculum have
little or no idea on how it was developed and the teachers who are in training also do not

input to its development.

More recently than Osafrehinti (1986), Asaaju (2015) also maintains that teachers are usually
not represented and sometimes completely left out of vital decision-making and development
of curriculum. Due to where they appear on the pyramid, the curriculum is usually a ‘hand-
down’ to them to deliver. Figure 1.2 below shows the pyramid of educational policy/system

in Nigeria (Asaaju, 2015)

FME
policy

\

/

FME and NERDC produce
national curriculum based on the
policy/system

FME and NERDC produce subjects
Syllabuses

School breaks syllabus into
scheme of work

Teachers break down the scheme of work into daily lessons
(Lesson plan/Note)

N\

AN

Figure 1.2 Pyramid depicting the FME- Federal Ministry of Education Curriculum as a
teaching plan derived from the educational policy/system (Asaaju, 2015)
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Apart from this, there is little or no research done in the development of the curriculum in
Nigeria. Adolphus (2011) suggests that a common practice is for education officials to
transfer curriculum from developed countries without considering the important step of
relating it to the learners’ environment in such a way that it can be applicable. These

challenges pose a problem to the effective development of a quality curriculum.

Considering the four dimensions of what makes a quality curriculum, evidence from
literature suggests that the Nigerian curriculum needs attention on the four dimensions if it
would become a quality one. In Nigeria, the development process somewhat fails to provide

the good foundation for a quality curriculum.

Another major challenge to the Nigerian curriculum is the curriculum itself. Educators and
researchers have described it as boring, out of date and rigid. According to Njoku (2018), the
curriculum needs to be updated as it is serving ‘expired education’ to young people. There
have been calls for curriculum review as the structure and content of the curriculum makes
classroom boring for learners. As mentioned earlier, the curriculum is very important to
effective learner experience. However, a rigid and strict curriculum could be potentially
harmful to the experience of pupils in the classroom. The rigid curriculum is a primary
challenge to teachers’ ability to facilitate learning by stiffening their freedom to adopt
instructional methods that promote effective and engaging learning experiences (Croninger et
al, 2012; Achinstein and Ogawa, 2006; Bauml, 2015). The result of this ‘out-dated and
irrelevant’ curriculum is that private schools have been reported to replacing them with
curriculum from the United Kingdom and the United States (Omeje, 2017). However, this
poses the two of the problems highlighted above — teachers’ ability to fully understand and

deliver it, and how well the learners to a foreign curriculum.

Asaaju (2015) calls the implementation of curriculum in Nigeria “building something on
nothing”. This is because the operational factor employed in the development of the
curriculum as well as the curriculum itself is defective. There is a challenge of incompetence
and self-efficacy with respect to delivery of curriculum contents. Teachers are often not well
trained or prepared to deliver the subjects they teach in the classroom (Yusuf and Balogun,

2011; Amuseghan, 2007).
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Curriculum needs continuous but inclusive modifications with respect to learners’ needs,
society and the changes in educational policies. It needs to support the construction of 21*
century competencies in preparing the learners for the world of work, however, the Nigerian
curriculum only seems to allow for the primary role of the curriculum — which is to deliver
learning outcomes, and even that is not at the quality it should be. The national curriculum
needs a proper reviewing to ensure it accommodates modern methods of teaching, supports
pupils abilities individually and collectively and leverages on modern tools and technologies.
It needs to foster a change in the structure of the way lessons are delivered as well as
challenge the rigid nature of the traditional classroom setup. A major challenge in many
Nigerian classrooms is the number of students and the availability of teachers to cater for
them. As it will be discussed in Chapter 2, overpopulation is a problem to effective learning
and teaching of mathematics in the classroom. This is because the time and space is often not
available to teachers to go ‘over and beyond’ the national curriculum in in the traditional
classroom. It is therefore imperative to consider alternative options to tackle this challenge.
That is why this researcher is interested in exploring the use of digital educational games in

improving engagement with mathematics in the classroom.

An introduction to the methods and corresponding activities undertaken to answer the

research questions above are provided in the following section.

1.6 Research Design and Activities

To investigate the research questions and carry out the objectives of this study, quantitative
and qualitative data collection and analysis methods were employed at various stages of the
research. This was to produce a balanced and rich picture of both depth and numbers of the
concepts under study. Altogether, 226 teachers and 119 pupils were involved in this research.
A diagrammatic presentation of the relationship between the research questions and the
chapters of work in this thesis is available in figure 1.3. The research design is presented

briefly below:

Research question 1: How can digital educational games be designed and developed to
engage players?
The background research to this study adopted a mixed data collection method of a

questionnaire and a structured interview to explore young people’s game genre preferences,
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and their motivations to play games. The questionnaire used is provided in Appendix 1. 62
young people participated in the study, which took place at the 2015 Game On 2.0 exhibition
in Newcastle Upon Tyne, United Kingdom. Northumbria University’s research ethics

committee and the Centre for Life, Newcastle approved the research.

Research question 2: What are the factors that determine the acceptance of digital
educational games by teachers?

Like research question one, a mixed research method was used for this study. This study used
the Technology Acceptance Model (TAM) as a basis. Using an initial in-depth interview with
12 teachers, issues around the adoption of digital educational games were explored. Using
thematic analysis, the results of the interviews were analysed and used to extend the original
TAM to create a model for the acceptance of games in the classroom by teachers. It was also
used to create a questionnaire that was distributed to 202 teachers across 10 schools in Ado-
Ekiti, Nigeria. The questionnaire was used to further investigate the findings from the
interview with a wider range of teachers. The teachers were informed about the research via

emails sent to the head teachers of their schools.

Research question 3: What is the effect of digital educational games on the attitude to
mathematics of pupils in the classroom?

For this question, the researcher used an experimental design with mixed methods of
classroom observation with the pupils, along with focus groups with the teachers involved in
the study. Pupil participants were randomly assigned to one of two groups: experiment and
control. The study was conducted across 3 primary schools in Ado-Ekiti, Nigeria. A total of
60 pupils and 12 teachers participated in the research. Prior to the experiment, information
pamphlets were sent to the parents via their wards, and head teachers signed loco parentis

consents for the parents.

1.7 Significance of Study

This section addresses the “why” question as to how the researcher devised the research

questions and the justification for the research as a whole.

There is a problem of sustained interest and eventual choices in careers that have

mathematics as a core challenge in Nigeria (Adebule et al., 2016). Anecdotal evidence has
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indicated that there is an on-going issue with engaging learners with mathematics in the
classroom. The low numbers that choose the non-compulsory, more advanced and complex,
mathematics known as ‘further mathematics’ also establishes this. This disinterest in
choosing mathematics indirectly affects the uptake of other core subject study areas in
science and engineering (Agogo and Achor, 2014). However, mathematics is an important
subject to gain admission into college or any higher institution in Nigeria, so students tend to
continue to study it until they do not have to, thus proving the motivation to learn

mathematics while it is seen as compulsory but not beyond that.

Several studies about mathematics uptake, interest and achievement have been carried out in
secondary schools (Sule, 2016; Adebule et al., 2016; Awofala, 2014), however, much less
research has been done in primary schools. As evidence suggests, pupils form their interest
about subject areas early in their education journey (Olgan, 2015) Research (Kislenko et al.,
2007; Macnab and Payne, 2003) indicates that children can often regard mathematics as
abstract, boring and unconnected to the real world. One of the mathematics teachers in this
research said ‘They do not like it (mathematics), many of them see it as hard and impossible,
then they get disinterested in the classroom’. This led the researcher to attempt to study the
issue of interest and achievement in mathematics education. A study of primary 4 and
primary 5 pupils (usually aged 8 — 11 years) across three primary schools in Ado-Ekiti,
Nigeria indicated that the issue with mathematics education is not one of achievement, but of
attitude and identity. Over 60% of the pupils achieve higher than the average score in the
standardised promotion examinations in the previous school term. However, the concern still
remains that “they fear mathematics, believe it is boring and find it hard to relate with it”
(Teacher, Amazing Grace Nursery and Primary School). The long-term problem this causes
is the low numbers of young people who go on to study courses or work in jobs where they
have to use mathematics. Discussions with teachers, as well as a look into the performance of
the pupils suggest that while mathematics achievement is not an immediate challenge, the
lack of sustained interest in mathematics ends up discouraging young people from pursuing
careers where they perceive they have to do more mathematics. Digital educational games are
one of the potential solutions identified in the literature that could be used to create and

sustain interest in learning mathematics in the classroom.

However, introducing digital educational games in the classroom is a task that needs to be

well thought through and planned. This is especially true in Nigeria, where the use of
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technology tools is not a common practise in the classroom (Hassan and Shuaibu, 2015;
Anekwe and Williams, 2014). Two of the most reported barriers in the literature are
infrastructure (Kamba, 2008; Osang et al., 2013) and cost (Aduwa-Ogiegbaen and Iyamu,
2005). However, the introduction of any kind of new technology into a classroom is not only
a financial or technical issue, but also primarily, a pedagogical issue. In any educational
system, the teachers are the ones directly responsible for the transfer of necessary and
adequate knowledge to young people, and by extension a key determinant in technology
adoption. Thus any new system of teaching, in this case digital educational gaming, must first
be acceptable and deemed necessary by the teachers, otherwise new classroom technology
will be, in many cases condemned to become a decorative dust collector, or underutilized

(Hepp et al., 2004). Teachers themselves are a key factor in technology use.

1.8 Structure of Thesis
This thesis is organised into 8 chapters. This section presents an overview of each of the

chapters.
Chapter 1 presents the background to this study, the research questions, the scope of the study

and its significance.
Chapter 2 presents a review of relevant literature on the concepts explored in this study:

mathematics education, game-based learning effectiveness, technology adoption and

acceptance, learning theories as well as the context of this study.
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Figure 1.3 Relationship between areas of work done, research questions and chapters.

Chapter 3 describes the research design introduced here and provides more details about the
research methods adopted for this study. It also details ethical considerations about the

research as well as the rationale for the methodologies used.

Chapter 4 presents the research carried out with the aim of answering the first research
question - How can digital educational games be designed and developed to engage players?
Results and findings from the interview and questionnaire as well as the resulting framework
are discussed. The chapter concludes with a set of design implications for digital educational

games.

Chapter 5 presents the research conducted to answer the second research question - What are
the factors that determine the acceptance of digital educational games by teachers? Working
with a small group of teachers, it employs the original Technology Acceptance Model to
examine the external variables that influence the intention of teachers to adopt digital

educational games. The chapter discusses how the results from this were used to develop an
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extended TAM, which was tested with more teachers. Finally the chapter summarises the
main implications for practice and recommendations for digital educational game designers

and decision makers in educational settings.

Chapter 6 presents the rationale for developing a digital educational game. It brings together
the findings from Chapter 4 and Chapter 5 to create guidelines for the design of a prototype
game to teach mathematics in the classroom. It also presents various game genre types and
suitable genres for learning games. The chapter discusses how the resulting design guidelines
were used to develop the game, SpeedyRocket to teach mathematics in the classroom and

concludes with a description of the implementation process in the classroom.

Chapter 7 presents an evaluation of the implementation carried out in Chapter 6. Each
evaluation activity, its results and findings are provided. The chapter ends with a discussion

about the findings presented.

Chapter 8 provides the main conclusion for the thesis. It presents the key original
contributions to knowledge from this research study. It also includes a reflection from the
researcher on the research process and findings, including lessons learnt, challenges

encountered and limitations of the research. It also presents the key areas for future research.
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2 CHAPTER TWO: Literature Review

This chapter provides an overview of the research literature related to digital educational
games and mathematics in primary education. It is divided into three sections. These concepts
are explored in wider contexts but also how they are particularly related to the Nigeria
context. First, there is a review of mathematics education, its importance and challenges with
respect to primary education. Secondly, the pedagogical benefits of technology are reviewed
with a particular focus on how digital educational games could improve the educational
experience in the classroom. Finally, the adoption and integration of technology in the

classroom by teachers is discussed.

2.1 Mathematics in Primary Education
At different degrees, mathematics affects all aspects of human life. The social, economic,

political, geographical, scientific and technological aspects of human beings are centred on
numbers (Maliki et al. 2009). Davies and Hersh (2012) maintain that 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 Umameh (2011) 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.

While the study of mathematics can improve the imaginative and cognitive capabilities of the
mind (Etuk and Bello, 2015), its impact on national development is wider. Several studies
maintain that the progress of any nation depends on their technological and scientific
advancement, which largely rests on an efficient mathematics education system (Gravemeijer
et al., 2017; Suratno, 2016; Tsafe and Yusha’u, 2014). Research shows that developed
countries have benefited widely from well-planned mathematics curriculum and educational
systems as it has proven to be the bedrock for scientific, technological and economic

development.

The government of Nigeria is committed to developing its people in this respect and therefore

made mathematics a compulsory subject from primary school to secondary school (Federal
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Republic of Nigeria, 2004). 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 over the past years
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.

Despite the seemingly obvious importance of mathematics education and the efforts
successive governments continue to put into improving mathematics performance across
secondary institutions in Nigeria, no significant improvements have been recorded so far.
Performances in the West African Senior School Certificate Examination (WASCCE) have
been poor in recent years. Sa’ad and Rabiu (2014) reported that 75% of students who sat the
WASCCE in 2010 did not make the minimum requirement of 5 credits including credit pass
in mathematics. Although results from the past three years are an improvement on previous
years, performances are still relatively poor given the awareness and resources the
government seems to be putting into mathematics education. The Sun (2014), a popular news
outlet in Nigeria, reported that out of about 1.6 million students who sat the WASCE in 2014,
just over a third (38%) passed the minimum requirement including mathematics. Figure 2.1
shows the percentage of students who made 5 credits including mathematics and English
from 2009 to 2016. Latest results show that just slightly above 50% of the total population of
candidates that sat for the 2015/2016 WASCE passed both Mathematics and English (with at

least 3 other subjects) with a credit pass.
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Figure 2.1: Percentage results of students in Nigeria who made five credits and above

including Mathematics and English Language from 2009/2010 to 2015/2016.

While the government and academic institutions continue to find solutions to the continued
poor performances, several studies that detail potential causes have been published over the
past twenty years. Asikhia (2010) cited the work of Bakare (1994), 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.

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

iii.  Causations resident in the family, such as cognition stimulation/basic intuition during
the first two years; type of discipline at home; lack of role model and finance.
iv.  Causations resident in the child, such as basic cognition skills, physical and health

factors, psycho-emotional factors, lack of interest in school programme.

These categories can be further summed up in these key areas: government/wider society,
family and the student, school/classroom, and they seem to sufficiently cover the individual

factors identified by other studies.

i. Government and wider society factors
Several studies (Babikkoi, 2014; Adetula et al., 2017; Matthew, 2013; Bolaji, 2014) have

espoused on how government policies and under-funding of the educational sector have
caused poor performance in not just mathematics, but other subjects as well. In spite of the
admittance of repeated governments on the importance of adequate funding for good
education, allocation to the education ministry on which primary and secondary education
largely depends is usually one of the least in the Nigeria budgets over the years. Central Bank
of Nigeria’s (CBN, 2010) data showed that allocation to the Education ministry between
2000 and 2010 did not exceed 14% of the national budget. In the 2017 budget, there was a
sharp drop to 6% of the total national budget — the lowest since 2012 (Ndujihe, 2018).
Compared to developed countries, and even some developing ones, this allocation of the

Nigerian government to education is low with respect to the 26% recommendation by
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UNESCO - of which Nigeria is a member (Nzekwe, 2008 cited in Ibe et al 2016; Matthew,
2013). The state governments in Nigeria model this poor funding as well. According to
Oyedeji (2016) in 2016, 33 states of the federation allocated a combined 10.7% of their total
budget to education, resulting in a nationwide strike of the Academic Staff Union of

Universities calling for increased budgetary allocation to the education sector.

Apart from the problem of inadequate funding, mismanagement of allocated funds is another
challenge mathematics education faces in Nigeria. According to Umar and El-yakub (2017)
the lack of accountability and transparency in spending has resulted in allocated funds being
diverted and embezzled by government staff and politicians. The low allocation has led to
several other issues like incessant strike action by teachers requesting better pay (Ugwuona,
2016), low morale in the classroom (Wilson, 2016), inadequate instructional materials and
infrastructure for effective teaching and learning in secondary schools, all of these ultimately
affecting the performance of students. While on the surface, the government seem to be good
at planning laudable programmes to improve mathematics education, given that the success
of any intervention depends on proper funding, the commitment of the Nigerian government

to this cause is doubtful if its policies and budgetary allocation are to be considered.

Increase in population has had a corresponding effect on class sizes across schools in Nigeria.
Idowu (2016) suggests that overcrowded classrooms hamper effective teaching and learning
of mathematics in Nigeria. In some situations, students do not have desks, and those that do
have to share small desks with others, leaving little or no space to write. Overcrowded classes
also mean that the government recommended student-teacher ratio of 50:1 (Asikhia, 2010) is
not feasible, with some classes recording as high as 100:1 (Umameh, 2011). Alagbe (2012) as
cited in Etuk and Bello (2015) reported that the issue of poor teaching quality is compounded
by the inadequacy of specialised teachers in mathematics for the number of schools and
classes that need them. This has resulted in many primary and secondary schools engaging
the services of people who have not been trained to be teachers or to teach mathematics to fill
this void. This has been a long-standing problem as Science Teachers’ Association of Nigeria
(STAN, 2002) listed the acute shortage of qualified mathematics teachers as one of the

prominent causes of poor performance in mathematics.

Avong (2013) in a study in Kaduna, northern Nigeria found that a shortage of qualified

teachers was the highest ranked factor to the poor performance of students in mathematics in
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the state. Yemi and Adeshina (2013) also maintain that the poor quality of teachers
negatively affect students’ performances in mathematics. Thus the challenge is two-faced;
one is the shortage in the number of teachers while the other is the qualifications and
preparedness of teachers. The teaching profession in Nigeria is not one that is attractive as
research shows that there is a general opinion that the government do not treat teachers well

(Akiri, 2014; Ekundayo and Kolawole, 2013).

The attitude and motivation of mathematics teachers has been shown to be another reason
why students perform badly (Vudla, 2012) as cited in Tshabalala and Ncube (2014). Several
of the factors identified earlier — inadequate resources, low level of training and professional
development, overcrowded classrooms and poor curriculum are possible reasons for teachers’
poor attitude to teaching. According to Okafor and Anaduaka (2013) when a teacher displays
a lack of competence or confidence in mathematics, students may lose confidence in teacher

and the subject altogether.

The mathematics curriculum itself is another challenge identified in the literature. According
to Etuk and Bello (2015), the ineffective delivery of mathematics concepts to students could
be linked to the curriculum contents. They suggest that some of the content of the
mathematics curriculum and textbooks are foreign and so sometimes not relatable to by
students. There are concepts that are abstract in mathematics and research has shown that
learners find it much harder to understand the theories when the materials and methods used
by teachers are not sufficiently clear. Etuk and Bello (2015) further suggest that since the
introduction of ‘modern mathematics’, the curriculum has been a subject of controversy
between teachers and mathematics practitioners in Nigeria. Teachers across primary and
secondary schools are also under pressure to ‘cover the syllabus,” rather than ensuring

meaningful learning takes place (Adegoke, 2017).

ii. Family and student individual factors

Lack of confidence in the ability to understand mathematics by students is related to
misconceptions about the subject as being ‘difficult’. According to Adebule (2004) many
students express “unparalleled hatred, indifference, anxiety and poor attitude towards
mathematics” while some even regard it as a subject to be avoided at all cost (Tshabalala and

Ncube, 2016). Results from a study of mathematics achievements of junior secondary school
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students in Borno State, Nigeria by Garba and Hamman-Tukur (2015) showed a negative
relationship between anxiety and mathematics achievement. It further suggests that the main
cause of anxiety is the fear of failure among students. Anxiety and attitudinal problems
towards mathematics and education in general is partly due to the display of lack of
competence and confidence by the teacher (Okafor and Anaduaka, 2013) as well as the
students’ personal or home challenges. A high level of student discipline and morality is
usually a reflection of their experience at home. Matthew (2013) suggests that indiscipline
amongst students, which is characterised by truancy, lateness to school, and other vices, is
one of the reasons for poor performance in mathematics. Other home-related challenges
include absenteeism as well as parents being nonchalant about their children’s performances

(Karue and Amukowa, 2013).

iii. =~ The Challenge Of The Nigerian Classroom

As Bature et al (2016) maintained, the mode of teaching as well as the classroom
climate impacts on the attitude of students towards a particular subject. According to
Bierman (2011) 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 (Schenke et al,
2017; Scrimin et al, 2018; Barksdale, 2017). Thus, the climate of the mathematics
classroom has enormous influence on a child, not just emotionally and intellectually but
can also either positively or negatively impact on their mathematics attitude (Adimora

etal, 2015).

The experience of mathematics in Nigerian classrooms therefore poses a challenge to
young peoples’ attitude to mathematics. The traditional classroom in Nigeria is passive,
un-engaging and boring. According to Bature et al (2016) most classroom activities are
teacher-centered with students as mere listeners and recipients of knowledge playing
passive role in knowledge acquisition. This agrees with Okafor et al (2013) who
maintain that most talk comes from the teachers while the pupils listen or writes 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
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and strategies do not have a multi-sensory effect on pupils. Ajayi et al (2017) 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 experience by young people
and teachers in Nigeria. Due to over-population and inadequacy 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 et al (2017)
suggests that when classroom sizes increase and become unmanageable, teachers are
left with an impossible task of giving individual learners the deserved attention, leaving
unmotivated learners disconnected and un-engaged. Ayeni (2017) explored the
relationship between effective classroom management and the learning outcomes of
students. In that study, 75% of the teachers sampled listed congested classrooms as a
main constraint to effective classroom management. In a similar study, Ajayi et al
(2017) 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 of a standard 25:1 student-teacher ratio
(UNESCO, 2016).

Several potential solutions to improve the performance of students in mathematics
have been suggested in literature. Mbugua et al. (2012) 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 (2012) include incorporating the concept of constructivism, and
the use of computer-aided instructional material such as games. To address the issue of
phobia for mathematics, which is one of the reasons for poor performances, Bornstein
(2011) 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 (2013) one way
to build confidence is by encouraging discussion in the classroom. They challenge
teachers to disrupt the typical classroom method in which they do most of the talking

while the students just sit, write notes and practice whatever the teachers do. Allowing
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students more involvement in their learning journey engages them more and boosts
their confidence in trying things out by themselves. One of the findings of Sule et al’s
(2016) study of mathematics phobia among students in Nigeria is that students’ interest
is attracted when physical and visual objects are used in teaching and learning
mathematics concepts. Similarly, Etuk and Bello (2015) opined that the usual
memorization method of teaching mathematics is archaic and therefore not useful in
the 21st century. They suggested 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 (2013) 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 sense organ (Ajayi et al, 2017) is recommended. In
contrast to the passive setup of classrooms in Nigeria where it is often frowned upon to
speak, Okafor et al (2013) also suggested 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 (Petty, 2004)

especially when dealing with complex subjects like mathematics (Tolks et al, 2016).

2.2 Benefits of Technology

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
(Butler et al, 2014; Hwang et al, 2015; Richards, 2015). Boticki et al (2015) 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
(Lu et al, 2014; Rashid and Asghar, 2016). Learning using technology enhances

engagement by promoting instant access to information and proving hands-on learning
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(Cheng et al, 2016). Churchill and Wang (2014) 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
(Shirley and Irving, 2015). This is particularly potentially beneficial to classrooms in
Nigeria where it is often difficult for teachers to provide adequate feedback to pupils on
their performances due to 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 (Zimmerman and Labuhn, 2012). 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 (Schunk, 2003; Saadawi

etal, 2008).

Another benefit technology offers the learning experience in the classroom is the
allowance it affords learners to make mistakes (Saba, 2009; Estes, 2016) 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, the time to allow
individuals try as many times as possible is often unavailable. The use of virtual reality
and in particular simulated learning environments allows learners to make mistakes
and learn in a non-public manner (Saba, 2009). This supports learning and re-learning

as often as required by allowing the learner to make mistakes and perfect their learning.

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 (Pombo et al, 2017). It allows students own and control
their individual learning and create paths for themselves they can follow through. This
also changes them from being passive participants to becoming active co-creators of

their own learning process.
In like manner, technology supports collaborative learning, allowing students to share

and cooperate while learning (Akpabio and Ogiriki, 2017; Jahnke and Kumar, 2014).

This can be particularly useful in increasing communication between students and
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teachers as the technology use fosters sharing comments, feedback, doing group work

and engaging in rich discussions (Boticki et al, 2015).

2.3 Learning in Game-based environments

In the past few years, digital games have come to replace most of the traditional games while
at the same time establishing 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
(Connolly et al, 2012). The increase in the number of games and the amount of time children
(and adults) spend playing them has made researchers more interested in conducting various

studies on gaming.

Digital games are one of the many technologies educators are using in the classrooms. While
there are claims from some studies that digital educational games have improved learning and
knowledge acquisition (Garneli et al, 2017; Hamari et al, 2016; Riemer and Schrader, 2015),
results of digital games use on learning should be treated with caution (Southgate et al, 2017).
This is because of the lack of published randomised control trials and rigorously designed
empirical studies that investigated learning outcomes and digital educational games (Boyle et
al, 2016; Girard et al, 2013). However, digital educational games are still useful in the
classroom, especially in enhancing the interest of learners. Research shows that the main
reason teachers use digital games is to improve students’ motivation to learn (Khan et al,

2017; Ma et al, 2017; Plump and LaRosa, 2017).

Digital educational games also accommodate various learning styles and pace, which can
result in increased motivation for students. 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 (De-Marcos et al, 2014). As Su and
Cheng (2015) argued, the feeling of competence derived from achieving the short-term goals

may give the learner, continued motivation in the learning journey.

One of the ways digital educational games is being used to enhance experience and motivate

learners is by providing context and live examples of curriculum content in the classroom,
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what is otherwise referred to as situated learning (Hsu, 2017). Preston et al, (2015) argues
that this feature of situated learning promotes experiential learning and assists learners in
understanding the application of the concepts they are learning. Hsu (2017) also affirms that
it improves on the traditional one-way teaching by getting students to actively engage in the
learning environment themselves while changing the role of the teacher from instructor to
facilitator. This agrees with the values of constructivism. 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 (Anderson, 2017). 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 developing their own solutions that work

in different contexts and scenarios.

Digital educational games also provide a collaborative learning experience that promotes
more cooperation and engagement in the classroom. Cecez-Kecmanovic and Webb (2000)
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 (Lane, 2016). Working with others also exposes
learners to a wider range of other learners’ learning styles and perspectives causing them to

appreciate more variety (Palloff and Prat, 2003).

Most collaborative platforms in education provide environments where small groups of
students are presented with the opportunity to work together in order to solve problems for
the purpose of learning (Cheung and Vogel, 2013). Some game-based learning platforms are
examples of these environments that are built on the characteristics of collaborative learning
theory. Research has shown that gamers now interact in sophisticated environments that gives
them the self-directed freedom to explore to test out new ideas and develop innovative skills

during play (Twining, 2010).

2.4 Examples of Game-based environments
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Games are usually mentioned along with virtual worlds and educational simulations, and
although the three are similar, they are not synonymous. Despite the amount of research
conducted recently on each of them individually, very little literature has concentrated on
exploring their differences and relationship. However, Aldrich (2009) maintains that despite
the fact that the three can look similar in operation, they each have their own individual

peculiarities.

According to figure 2.2, Aldritch (2009) describes them as points along a continuum and all
being highly interactive virtual environments (HIVEs) with their individual and different
affordances and purposes. All three (serious games, educational simulations and virtual
worlds) can be set in 3D worlds and 3D avatars. However, a virtual world cannot be used in
the place of an educational simulation simply because it provides context and no content and
even though an educational simulation can occur in a virtual world, it still has to be
rigorously designed and implemented. In the same vein, virtual worlds are different from

serious games (Aldritch, 2009).

Derryberry (2007) maintains that Second Life (one of the most popular virtual worlds) has
striking differences to a game as it lacks the components in a game definition — modes of

play, levels of play, rules, chance and distinct outcomes.
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Figure 2.2 The HIVE continuum (Aldrich, 2009)

A. Virtual worlds
The past few years have witnessed a growing interest in the use of 3-dimensional virtual
worlds for different purposes ranging from entertainment to training and education. Virtual
worlds such as Second Life, jibe and lately Minecraft have gained popularity among people
of all ages and contexts at different times. This recent increase in interest and popularity can
be attributed to the enormous advancements in computing technology as well as network
infrastructure. Records provided by Linden lab, the maker and creator of Second Life — one
of the most popular virtual worlds — suggest that as of 2010, the number of unique users
stands at over 750,000 and these users collectively spend over 105 million hours (in the third

quarter of 2010 alone) in the virtual online world (Linden Lab, 2010).

According to Mennecke et al (2007), a virtual world is ‘a computer-generated boundary-less,
immersive ‘game-like’ environment often equipped with three-dimensional graphics that

resembles the real world’. Liao et al (2014) considers a virtual world to be an electronic
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environment, which visually mimics complex physical spaces wherein people are represented
by avatars and interact with each other via virtual objects. These definitions suggest that one
of the unique features of virtual world is their ability to imitate realistic worlds, while
enabling users to participate and engage with each other as well as with the virtual objects
that are created and maintained exclusively within the virtual environment (Menneck et al,
2007). Furthermore, users are capable of creating virtual characters (avatars) to represent
themselves and partake in activities on their behalf. Using the avatars, users can also interact
with each other using body language, voice, text messages and other media (Michael et al,
2013). Despite the fact that many virtual worlds target the entertainment market, the unique
and special features they offer open them up for use in learning and training. This is because

they can provide students with ‘real-world like experiential learning’ (Michael et al, 2013).

Kemp and Livingstone (2006) opined that one of the prevailing reasons virtual worlds are
being explored for educational purposes is their ability to provide synchronous
communication and collaboration. This has led universities and several other educational
institutions to adopt virtual worlds for teaching and learning. The Harvard Law School for
example has offered virtual courses in Second Life (Brown and Adler, 2006) with
interactions taking place between instructors and students within the virtual world

environment.

Generally, there have been positive reviews and comments from users using virtual worlds
for learning. Students who played ‘Nutrition Game’, a video game created in Second Life,
were asked to provide their opinions on how effective the game is. Cooper (2007) found that
most of the students gave positive reviews about the game as they found it ‘engaging and
informative’. Likewise, a study of the users of the virtual courses in Harvard Law School

virtual world shows that the overall responses were positive (Brown and Adler, 2008).

However, using virtual worlds in education and learning also presents some challenges and
disadvantages. Some research work has highlighted some problems with virtual worlds,
especially Second Life. One major challenge identified by Jarmon et al. (2008) and Vogel et
al. (2008) is that it is difficult for some students to see the value it provides, while according
to FitzGibbon et al. (2008) some just did not take it seriously. A survey carried out by
Warbuton and Perez-Garcia (2009) on several literatures and online sources revealed several

downsides and challenges reported about Second life. These they grouped under eight broad
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categories: Technical, Identity, Collaboration, Standards, Economic, Scaffolding Persistence
and social discovery, Standards and Time. However, only five of these have direct impact on

learning within Second Life: Technical, Identity, Time, and Economic.

i.  Technical

From high consumption of bandwidth and machine power (Franklin et al, 2007; Chow et al,
2008) to issues of server downtime and management of client interface, the technical
challenges Second Life presents are capable of causing users to have experiences inconsistent
with the real world scenario.

ii.  Identity
In Second Life, identities are not fixed and so it is possible to find it hard to know who did
what. This poses a serious challenge to building social relationships, as consistency of
personality cannot be assumed. Similarly, it becomes a problem to ensure accountability for
actions taken.

iii. Time
In Second Life, the simplest things can consume a lot of time. The process of creating,
designing and ensuring teaching contents conform to Intellectual Property laws can be
rigorous and time consuming. Furthermore, to effectively carry out these functions, educators
often need to develop extra skills.

iv.  Economic
The financial implications of implementing learning content on Second Life might be
weighty on educational institutions. Although a basic account is free, anything beyond that —
creating teaching spaces, uploading teaching materials and buying in-world tools — costs
money. Virtual worlds like Second Life offer considerable potential for teachers, learners and
other stakeholders working to use this technological environment to improve educational
delivery. However, just like other educational tools, research suggests the potential should be
considered carefully and the challenges in managing it weighed equally in the process of

making a decision to adopt or not to adopt it.

B. Educational simulations
Teaching and training students in engineering and science is getting increasingly challenging
(Yoon et. al., 2017; Odegaard et al., 2014). One of the reasons for this is the abstract nature
of science and engineering concepts, and the ability of students to understand the logic, and

relationships involved in scientific processes (Nikolic et al., 2010). The use of educational
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simulations has been found to be one of the approaches to handling this challenge. This is
because an educational simulation is built on a model of a real-world phenomenon in which
some components have been made simpler or even totally omitted for the main purpose of
facilitating learning in an effective way (Lunce, 2006). Perhaps, the most important use of
educational simulation is the provision of real world scenario-like experience. Jones et al
(2014) opines that while it might be difficult or even impossible to construct a building with
various configurations, apply various loads and manipulate it in the real world, simulations

make this achievable.

Simulation has also been found to be a capable strategy to stir the interest of middle school
students in health careers (Sweigart et al, 2014). Flanagan, Nestel and Joseph (2004) defined
simulation as ‘the artificial representation of a real-world process to achieve educational
goals via experiential learning,” while Aldrich (2009) stated that educational simulations are
designed to use vigorously structured scenarios with highly defined sets of rules, challenges
and strategies which are constructed to develop particular competencies, skills or knowledge

that can be directly transferred to the real world.

The use of simulation as a new and innovative teaching and training strategy in combination
with other traditional teaching methods has been well documented in existing literature
(Parker and Myrick, 2009; Weaver, 2011). Particularly, educational simulations have been
widely used especially in medical and nursing education to provide more experiential
learning in a safe environment for students (Sweigart et al, 2014). In recent pasts, human
patient simulators like iStan (CAE Healthcare, Saint-Laurent, Canada), which are
technologically enhanced manikins that interact with students like real patients, are being
used in combination with traditional clinical training methods. The use of educational
simulations as an adjunct to other traditional teaching and training methods has been found to
be effective in some quarters. Using an experimental design to analyse knowledge gain
predictors among nursing students who used simulation as part of their training
methodologies, Shinnick et al (2012) discovered that regardless of the age or preferred
learning styles of the students, using the human patient simulators proved to be an effective
teaching strategy. This might be due to the fact that educational simulations offer some

advantages over some other instructional methodologies or media.
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According to Alessi and Trollip (2001), students generally find active participation in
simulations to be more interesting and motivating as they appear to be closer to real-world
experiences in comparison to other learning methodologies. The degrees of control the
student and teacher has over a simulation process is also a positive thing as it will be easier
for the variables to be manipulated frequently with little or no risk (Hung and Chen, 2002).
Perhaps the major advantage of educational simulation is the allowance it gives students to
experience and practice processes and activities that could be dangerous, costly or sometimes

impossible in the real world (Alessi and Trollip, 2001).

However, educational simulations have their own drawbacks. One of the major ones is that
the design and development of educational simulations involves extensive planning and can
consume a large investment in time and financial resources (Lunce, 2006). Furthermore,
Leemkuil et al.(2003) argues that even with the potential educational benefits simulations
offer, without proper orientation and reflection students can end up interacting with

simulations merely as a game, thereby not gaining much educational value.

C. Serious games
Following recent invasion of the entertainment industry with different kinds of digital games,
there has been an increase in the interest of researchers in exploring the potential games offer
for learning. According to Meluso et al (2012) some research work argues that serious games
can make a positive impact on learning by providing an ‘intrinsically motivating and
engaging learning environment’ for learners across several fields in ways and manner that
traditional school methods cannot. In literature serious games have also been referred to as
‘educational games’ (Dumitrache & Almasan, 2014), ‘computer games’ (Amory, 2001),
‘video games’ (Gee, 2003), ‘game-based learning’ (Meluso et al, 2012) and ‘instructional

games’ (Sitzmann, 2011).

Although the concept of serious games still lacks a simple definition (Bourbia et al, 2014),
according to De Freitas (2006) they are ‘applications using the characteristics of video and
computer games to create engaging and immersive learning experiences for delivering
specific learning goals, outcomes and experiences,” while Barbosa & Silva (2011) refer to
‘all games that engage the user and simultaneously contribute to the achievement of a certain

objective other than just entertainment, whether the user is aware of the fact or not.’
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Julian (2007) suggests that a serious game is any computer application whose objective is to
combine teaching and learning amongst other educational aims with the elements of
entertainment from normal games. Desmet et al (2014) share this view as they consider
serious games to be both educational and fun. The main distinction between serious games
and traditional digital or video games is in their aim. Serious games are aimed at educating or
facilitating the transfer of skills or knowledge (Kato, 2010). From literature (Annetta, 2010;
Kapp, 2012; Boyle et al., 2012), the learning effects of serious games are derived from three

usual sources:

i.  Through the creation of immersion, which leads to the player becoming absorbed and
engaged in the game thereby, creating experiences and connections with the character.

ii. By satisfying a player’s urge for challenge, autonomy, diversion, fantasy or mastery.
iii. By establishing a flow through which the individual experiences a balance between

knowledge acquisition and challenge.

Serious gaming has been explored in several areas from medicine and life sciences to sports
and language education. De Paolis (2012) put forward a serious game for training on suturing
in laparoscopic surgery. It is built around pre-defined sets of parameters that are used to
assess the level of skills developed by trainees. In the same vein, a team made up of
researchers from the Serious Games Institute in Coventry University and the Studies in
Adolescent Sexual Health (SASH) research group created a serious game to support
relationship and sex education within a classroom setting (Arnab et al, 2013). In language
learning, Johnson et al (2005) examined the Tactical Language Training System, a serious

game that provides rapid acquisition of foreign language and cultural skills.

Over time, there has been considerable use of serious games in vocational areas than in
formal education (JISC, 2007). According to Sara de Freitas (2006), this might be connected
to the fact that vocational areas of learning are more experiential and they model more
problem-based learning approaches. Furthermore, the vocational areas involve ‘learning how’
rather than ‘understanding how,” which is the usual and common way in formal education.
Nevertheless, regardless of the domain in question, serious games have been found to have
the capability to integrate with existing and ready-made educational tools to provide a unique

learning experience for students (JISC, 2007).
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2.5 Learning effectiveness and player engagement in serious games

Proponents of game-based learning maintain that games can support learning through
increased motivation, better problem-solving skills, increased engagement and the provision
of real-life applicability of concepts (Yang, 2012; Ypsilanti et al, 2014; de Freitas and Oliver,
2006). However, despite the general conception from literature that serious games have the
capability to aid students in achieving learning objectives using a fun-based approach, there
are still some concerns and questions in research concerning the educational benefits serious
games can actually provide (Mouhaheb et al, 2012). Other concerns include finding the
optimal balance between entertainment and education (Cowley et al, 2013), what game
features promote learning, the extent to which games can assist students in learning (Butler,
2014) and how serious games help in engaging learners as well as ensuring learning
effectiveness. However, it appears that the most common question in the debate about
whether to use or not to use games for learning remains: Is learning possible with serious

games?

Given how popular the subject of games for learning is at the moment, it is no surprise that
several reviews and studies that examine the evidence of learning in games are being carried
out. Due to the increase in the number of these studies, it is difficult to conduct a review that
covers the whole subject area (Tobias et al. 2011), as the review would have to use diverse
criteria for selection of studies and also focus on different topics (Backlund and Hendrix,
2013). Boyle et al (2016) carried out a systematic review of literature that presented empirical
evidence of the outcomes and impacts of computer games and serious games from 2009 to

2014.

One hundred and forty three high quality papers were found which provided positive
outcomes of games. There are majorly two categories for these studies - those comparing a
game-playing group with a control group with respect to a specified learning outcome, and
those examining how the characteristics of game players influence the outcomes. Their
review found evidence for diverse outcomes: knowledge acquisition, behaviour change, soft
and social skills. One of the most common ways the educational effectiveness of serious
games has been studied is by the evaluation of predefined learning outcomes and knowledge
acquisition (Calderon and Ruiz, 2015; Petri and Von Wangernheim, 2016; Castellar et al,
2015).
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Arnab et al (2013) provided evidence that their serious game designed to support relationship
and sex education within a classroom setting improved the understanding and the
psychological preparedness to deal with sexual coercion amongst students. They found that
the serious game was more effective than the control condition with respect to knowledge
acquisition. In their study, Nishikawa and Jaeger (2011) proposed that computer-based games
could be used to implement active learning goals. They conducted an experiment in which
participants were assigned to either a class using a computer game or a traditional lecture.
Their results provided evidence that games are as effective as traditional classroom lectures

and even create better retention of the learning concepts on a long run.

More recently on knowledge acquisition, Castellar et al (2015) explored the differences
between training with Monkey Tales (a commercial game used for training arithmetic skills
in children) and paper exercises. In their study, children in grade two (in the United States)
were randomly grouped into two classes — one to play an adapted version of Monkey Tales
for three weeks and the other to complete maths drill exercises over the same course of three
weeks. Using pre- and post-tests, they reported that pupils who played the game increased
their accuracy in mental calculation more than the pupils who completed drill exercises. A
critical step in developing serious games that will be effective and engaging is identifying the

game features that promote learning (Butler, 2014).

Some researchers have studied various game designs features that make an effective serious
game. Tao et al. (2009) carried out research on 185 Taiwanese higher education students who
have used a business simulation game in previous classes. It was discovered that perceived
playfulness is positively associated with students’ satisfaction as well as a desire to keep
using the game. Other characteristics include well-defined goals (Kiili, 2005), feedback
(Sweetser and Wyeth, 2004; Burgers et al, 2015) teamwork and cooperation (Billieux et al.,
2013) and self-efficacy (Klimmt and Hartmann, 2006).

However, there still seem to be a shortage of evidence-based studies done in this regard.
Garris et al. (2002) and Butler et al. (2014) both suggest inconsistency in the results of most
of the studies carried out within the educational context to identify these game features, with
Garris et al. (2002) maintaining that ‘there is little consensus on game features that support

learning, the process by which games engage learners or the types of learning outcomes that
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can be achieved through game play’. Essentially then, game designers and developers end up
making serious games to be ‘fun’ and ‘effective’ based on personal intuitions and experiences
rather than research-proven elements that have been found to make the games such.
Therefore while the value of digital games in engaging young people may be obvious, there
still need to be more empirical tests to confirm what the features that support learning
effectiveness are in games, as well as the learning outcomes that can be derived from serious

game play using rigorous methodological approach.

2.6 Technology acceptance in the classroom

The design and introduction of games in the classroom can support a more active learning
experience (Grimley et al., 2011; Panoutsopoulos and Sampson, 2012) by offering students
more control over how they learn (Conde et al, 2012), in line with the constructivist theory.
However, like any other technology, it is important to take the users’ wants and peculiarities
into account during the design, development and final introduction of the technology. This is
particularly important when introducing informal tools like games into formal environments
like the classroom, as research has shown that such attempts often have no continuity, and

mostly do not produce expected results (Sanchez-Prieto et al, 2016).

Pupils and teachers are regarded as the main users of technology in formal settings like the
classroom, and while pupils are keen to embrace technology, often the barrier to acceptance
is the teachers (Nair and Das, 2012). Research also suggests that most of the studies on
acceptance of technologies is focused on students with little or no attention being paid to the
teachers (Sanchez-Prieto et al, 2017). Chen et al. (2009) maintain that one of the major
determinants of a successful integration of new technologies in the learning process is its
acceptance by teachers. This is in addition to educational research findings which suggest
that teachers will only use a technology in the classroom if they believe it will aid their
professional duties either administratively or in teaching (Schifter, 2008). Therefore, to
ensure the adoption and effectiveness of game-based learning, we need to understand the
perception, beliefs and reservations of classroom teachers (Kriek and Stols, 2010;

Bourgonjon et al., 2013).
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2.7 Adoption And Integration of Technology In The Classroom
As established from literature, technology can improve the efficiency of both instructional

and non-instructional classroom activities. However, while the development of Information
and Communications Technologies (ICTs) tools to enhance classroom experience continue to
increase, adoption, integration and use of these tools have not witnessed the same progress
(Mirzajani et al, 2016; Aziz and Rahman, 2017) particularly in developing countries like
Nigeria (Isiyaku et al, 2018). In like manner, Lawrence and Tar (2018) argue that despite the
huge spending of governments and various organisations in developed countries on ICTs for
education, the return on investments have not been apparent due to little evidence of ICT

adoption and use.

Most of the research around technology adoption and integration in the classroom has been
done with teachers (Dougherty, 2015; Pareja et al., 2018; Scherer et al., 2018). “In a
classroom, the teacher perceives and defines a teaching situation, makes judgements and
decisions and then takes related actions” (Chen, 2008). The role of the teacher is therefore
central to the adoption and effective integration of technology in the classroom and this
explains how much focus it has received. Research also suggests that understanding teachers’
pedagogical beliefs is the only way to fully understand technology adoption and integration

(Sang et al, 2010; Liu, 2011; Burke et al., 2017; Bano et al, 2018)

Several studies have examined the slow pace at which technology is adopted and integrated
in education by teachers (Hu and Yelland, 2017; Salinas et al, 2017; Lawrence and Tar,
2018). Many of these studies have been done in developed countries, where digital inclusion
is wide and government is committed leveraging ICTs for educational transformation. In the
United Kingdom for example, in 1998, the National Council for Educational Technology was
expanded and formed into the British Educational Communications and Technology Agency
(BECTA) in 1998 and tasked with promoting and integrating ICTs in education (Lee and
Caldwell, 2010). Bodies like BECTA tried to improve ICT adoption and integration by
producing evidence for the impact of ICTs like interactive whiteboards, broadband and PCs

on learning gains (Hammond, 2014).
The barriers to technology adoption and integration have been discussed and categorised

severally in literature (Porter et al, 2016; Reid, 2014; Burke et al, 2017). However, most

studies adopt two main areas of classification (Bingimlas, 2009; Makki et al, 2008). These
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are external barriers — barriers related to resources and institutions, internal barrier — those
related to teachers and their attitudes. Ertmer (1999) describes these two classifications as
first-order (extrinsic to teacher) and second-order (intrinsic to teachers) barriers. Table 2.1

shows some of these barriers as explored by Ertmer (1999)

First-order barriers Second-order barriers

Extrinsic to the teacher Intrinsic to teacher (and possibly subconscious or

‘private theories”)

Lack of access to technology Beliefs about teaching (and learning)
Insufficient time to plan for integration Beliefs about computers and technology
Lack of training Beliefs about classroom practices and routines

Inadequate technical and administrative | Unwillingness to embrace change

support

Table 2.1: First and second-order barriers to technology integration (Ertmer, 1999)

Recently, Tsai and Chai (2012) added a classification — third-order barriers, which relate to
teachers’ ability to set learning experiences considering learners’ context and needs. They
questioned if removing first and second order barriers would automatically cause technology
adoption and integration to happen. They further argued that due to the dynamic nature of the
classroom, a teacher’s ability to create learning materials and adapt the instructional needs of
the learner for different contexts is equally as important as their access to sufficient facility,

resources, positive attitudes and beliefs.

There is a lack of research on the adoption and integration of technology in education in
Nigeria. However, the challenges of availability of devices, and access to technology, as well
as training of teachers have been reported (Oluwatunbi and Olubunmi, 2017; Asubiojo and
Ajayi, 2017), which are all first order barrier. There is also some evidence of the presence of
second-order barriers. Kwache (2007) highlighted teachers’ attitude as one of the barriers to

effective adoption of technology in education in Nigeria. Research suggests that teachers’

50




motivation to incorporate technology in their classroom practice may help address first-order
barriers (Ward and Parr, 2010; Makki et al, 2018). This suggests putting more priority and

focus on understanding and addressing second-order barriers.

The challenges of first and second order barriers are more common in low-income
populations like Nigeria. Purcell et al (2013) suggest that in places like that (low-income
economies) teachers are twice likely to cite lack of access to digital technologies as a “major
challenge” in their schools. This lack also potentially affects their self-efficacy, preparedness,
attitude and willingness to adopt technology in the classroom. As mentioned earlier, there is
shortage of which of the orders present the most challenge in Nigeria. However, the attitude
of teachers and the commitment of government to teacher training and continual professional
development indicates the presence of the first, second and third order barriers. These barriers
are interconnected and research will benefit from more work to understand the stance of

teachers in Nigeria towards technology adoption.

Likewise, research has called for a deeper understanding of the potential connections between
intention and behaviour at individual and institution levels with respect to particular contexts

(Harrison et al, 2014).

In research about information technology or information systems’ adoption, the most
commonly used theory is the Technology Acceptance Model (TAM) (Park et. Al. 2012). This
is due to its simplicity, robustness and comprehensibility (King and He, 2006). Section 2.8
introduces the TAM and considers its usefulness in explaining and predicting the acceptance

of Game-based learning by classroom teachers.

2.8 Technology Acceptance Model

Originally derived from the Theory of Reasoned Action (TRA) (Fishbein and Ajzen, 1975;
2011), the TAM has been widely modified and extended to cater for several studies and
fields. The TRA (Figure 2.3) seeks to predict an individual’s behaviour through their
behavioural intention, which is a function of their attitude and the subjective norm — which is
the perception of the expectation of other influencers. These influences may be societal or

organisational towards the performance of a particular behavior (Ajzen, 1991; Wu and Chen,
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2005). In the TRA, attitude is defined by the belief that performing a particular behaviour
yields a certain result, and the desirability of that result is the determinant of the attitude of

the individual (Teo and van Schaik, 2012).

Attitude
Behavioural | Behaviour
Intention
Subjective *
Norm

Figure 2.3 Theory of Reasoned Action (Fishbein and Ajzen, 1975)

On its own, the TRA has been used in various research fields — IT, health as well as business
— to study and predict the behaviours of individuals. Mishra et al (2014) investigated the
behavioural intention for the adoption of green information technology among IT
practitioners. Their findings indicated that behavioural intention has a positive influence on
the actual behaviours as workers with positive intentions towards Green Information
Technology are actually practicing it in their professional capacities. Similarly, Fisher et al
(2013) applied the TRA alongside the Theory of Planned Behaviour to evaluate the intentions
of women and men to receive the Human Papillomavirus Virus (HPV) vaccine. According to
the authors, the TRA posits that the intention to be vaccinated is influenced by the attitude
toward HPV vaccination and the perceptions of the social support for HPV vaccination. Their

findings confirm the propositions of the TRA.

Despite the usefulness of the TRA, its use in other fields of study exposed some of its
limitations, one of the main shortcomings being its inadequacy with individuals who have
little control (or feel they have little control) over their attitudes and behaviours (Marangunié¢
and Grani¢, 2015). In an attempt to cater for individuals’ feelings of different levels of
control of their attitudes and behaviours, Ajzen (1985) added an extra concept — perceived
behavioural control — to the original TRA, which resulted in the Theory of Planned
Behaviour (TBP). The TBP sufficed for the limitations of the TRA with respect to predicting
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the influences that motivate the behaviour of individuals who are not under their own

voluntary control.

However, the TRA and the TPB came under criticism for not considering some factors that
affect behaviours and actions. Some of these include personality, demographic variables,
unconscious motives (Maranguni¢ and Grani¢, 2015) and so on. In addition, most of the
studies carried out with TRA and TBP did not yield reliable results that could predict or help

researchers understand the acceptance or otherwise of new technologies.

Davis (1986) first modified the main theory of the TRA to analyse the adoption process of an
information system to produce the original TAM —Figure 2.4. While adapting the TRA, he
maintained ‘behavioural intention’ as the determinant of a person’s actual behaviour (which
was, in that case, the actual use of the information system), but removed the subjective norm
as a determinant of actual behaviour. Instead, he considered only the person’s attitude, which
he said would be determined by the perceived ease of use and perceived usefulness of the

information system by the individual (Davis, 1986).

Perceived

Usefulness \
/ \ Attitude

External Behavioural Actual
Variables Towards | [Intention = System Use

\ / Using to Use

Perceived
Ease of Use

Figure 2.4 Technology Acceptance Model (Davis, 1986)

2.9 Application of TAM in Education

Advancements in technology as well as the drive to ensure that deliverers of formal education
keep up with happenings in the ‘outside world’ make the study of technology acceptance a
major element in the integration of technology in education (Maranguni¢ and Grani¢, 2015).
TAM application in education broadly consists of studies aimed at measuring either the

intention to use or the actual use or acceptance of technologies in school. Tarhini et al (2014)
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extended the TAM to include social, institutional and individual factors in order to
empirically measure if students were willing to adopt and use e-learning systems. The factors
include quality of work life, computer self-efficacy and facilitating conditions. They found
out that in addition to perceived usefulness and perceived ease of use, all the factors had a
significant positive influence on the adoption and use of electronic blackboard systems.
Sawang et al (2017) extended the TAM to include external variables aimed at understanding
the relationship between the intention to use and the actual use of keypads. Their model was
tested with 131 first year undergraduate students in a university in Australia. They found that
attitude towards the keypad system; social pressure to use the new technology facilitating
conditions to use the keypad system and students’ personalities would all significantly affect
the intent to use, which would subsequently affect the actual use of the keypad. In a bid to
understand in-service teachers’ intention to use technology, Teo (2011) used five variables
(perceived usefulness, perceived ease of use, subjective norm, facilitating conditions, and
attitudes towards use) to develop a modified TAM and formulate nine hypotheses. Data
gathered from 592 teachers from schools in Singapore were used to test the model and
hypotheses. Results and analyses suggested that the model was a good fit with eight out of
the nine hypotheses supported. An interesting finding from that sample and study was that
‘subjective norm’ was not a significant determinant of teachers’ intention to use technology,
unlike in other research (Choi and Chung, 2013; Abdullah and Ward, 2016; Chang et al.,
2017). This brings to bear the challenge with TAM research: the inconsistent results of the

factors that influence the intention to use or actual use of technologies.

King and He (2006) suggest that despite the fact that the TAM has been widely used studying
adoption and acceptance of technologies in education, studies continue to show mixed results
about the effect and influence of the different constructs that make up the TAM. Bourgonjon
et al (2013) suggest that existing literature provides two possible explanations to the
discrepancies in TAM findings: Firstly, in some of the tested models, the effect sizes of the
paths vary depending on the types of technology and the type of user under study; this is
more common in TAM research in education. Studies have found inconsistencies between the
adoption factors between teachers and students, and also between educational technologies
used to enhance teaching and more office or class management tools (Sumak et al, 2011).
Secondly, the original TAM is inadequate in accounting for peculiar individual,
organisational and contextual characteristics that may affect adoption or acceptance. These

shortcomings have prompted researchers to call for more contextual studies of the adoption
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and acceptance factors (Ali et al., 2013) as well as more focus on the study of the influence of
moderating factors such as age, gender and experience especially in educational settings

(Tarhini et al, 2014)

Conclusion

This chapter presented an overview of the research literature around mathematics education
in Nigeria and its challenges, the benefits of technology-enhanced learning and issues around
technology integration and adoption. This literature review presented some useful insights —
one, technology, in particular digital educational games could be potentially useful in
addressing at least one of the challenges mathematics education faces in Nigeria- the
classroom climate. However, the gap in the understanding of technology adoption and
integration in the Nigerian context and the challenges teachers face in the process calls for
more research to be done in this regard. Furthermore, through the review of literature, this
researcher did not find any empirical work carried out in Nigeria with respect to the use of
digital technologies like game to improve classroom experience. The body of research will
benefit from more work to fill this gap and provide insights to the use of digital games in
these kinds of contexts. The next chapter will discuss the methodology and details of the

research questions that guided this study.

3 CHAPTER THREE: METHODS

3.1 Introduction

This chapter presents the methods and techniques used in this research. First, a general
rationale for the research is presented; this is followed by more in-depth consideration of
each research question and the specific techniques used in answering it. Each research
question is then discussed in terms of participants, instruments used, procedure and analysis.

The chapter then ends with the consideration of ethical issues related to the research.

3.2 Research questions

i.  How can digital educational games be designed and developed to engage players?
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ii.  What are the factors that determine the acceptance of digital educational games by
teachers?
iii.  What is the effect of digital educational games on the engagement with mathematics

of pupils in the classroom?

These questions and the techniques employed to answer them are presented in the next

section

3.3 Research techniques

This section discusses the techniques and methods used to address each research question in
more detail, and a rationale for the techniques used. This study used both qualitative and

quantitative research techniques. These are presented in the following sub-sections.

A. Engagement in gameplay: How can digital educational games be designed

and developed to engage players?

This research focuses on the issue of engagement and enjoyment. Although digital
educational games developers and educators try to build games on established educational
theories, most of the resulting games appear to fail to engage the learner, or even to bore
them (Tang and Hanneghan, 2014). This is not surprising, as many game players are used to
playing engaging and interesting entertainment games. However, most of the educational
games unfortunately do not offer an entertainment experience comparable or even
recognisable as relatives of the entertainment games. It therefore becomes important to
determine the factors that make entertainment games engaging in order to provide better
insight into how serious games can be designed and developed to foster an engaging
experience while still providing an effective learning experience. By answering this question,
the researcher wanted to find out what the game factors that support players’ engagement in

gameplay are.

The researcher used a literature review as a basis to answer this research question, followed
by the collection of empirical data to confirm findings. Quite a number of works have been
done regarding engagement with games — with many using the popular work of

Csikszentmihalyi (1990) on flow as a basis. This highly referenced work is however more of
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a psychological research than about design and engagement in games, especially recent

games.

Moreover, since the gaming industry is fast-moving as a result of increasing computer
capabilities and technologies, it is imperative to keep the research updated and relevant to
present realities. The researcher was also interested in adding to the literature and backing up
or challenging previous findings with empirical data — especially specific to the age group

under study.

However, to provide a basis to the concept of engagement in digital educational games, an
initial literature review was carried out. The concept of flow by Csikszentmihalyi (1990) as
the central basis of engagement with/in an activity or process is an established one in
research. This researcher therefore used it as a starting point to explore engagement with
games. Csikszentmihalyi (1990) suggested that for people to experience flow, eight major

components are involved:

1. Sense of control over task
ii.  Balance between challenge and skills
iii.  Clarity of goal
iv.  Immediate feedback
v.  No concern for self
vi.  Deep but effortless involvement that removes from the frustrations and worries of
everyday life
vii.  Alteration of the concept of time

viii.  Intrinsically rewarding

However, given that flow is usually reflective of a state of complete and total absorption with
no allowance for distractions or external stimuli (Hamari et al, 2016), and it is possible to be
engaged without being in the state of flow, the author drew upon other work on engagement.
Malone (1980) suggests that activities around subjects or concepts that are intrinsically
interesting to an individual play a major role in engaging them. Furthermore, Hakulinen et al
(2015) and Hamari (2013) both maintained that a precursor to engagement in an activity is

the interest on the individual towards the activity. This also agrees with the more recent work
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of Nakamura and Csikszentmihalyi (2014) around the concept of flow. Finally, the work of

Prensky (2001, 2007) on social interaction was drawn upon.

The six factors that the researcher hypothesised to make up engagement are therefore:
Challenge, feedback, clarity of goal, immersion (Csikszentmihalyi, 1990), interest (Malone,
1980), and social interaction (Prensky, 2001; 2007). These factors form a theoretical
understanding of the concept of engagement for the researcher. To confirm or extend this
theoretical framework, the researcher planned a background study with young gamers. The
population for this study was drawn from the participants of the GAME ON 2.0 exhibition at
the centre for life in Newcastle Upon Tyne, United Kingdom (Michael, 2015

http://www.chroniclelive.co.uk/news/north-east-news/game-20-exhibition-arrives-

newcastles-9311102). The researcher set up a “meet the scientist” stand alongside the

exhibition. Visitors who came to the stand were informed about the research and invited for
either the questionnaire or interview or both. In total, 62 individuals were involved in the
background study — 51 completed the questionnaire while 11 granted a short-structured
interview. Parents of participants were asked to sign a consent form on behalf of the children.
The age range of participants was 7-16 years; in all there were 20 girls and 42 boys — the
gender gap not surprising as there is still evidence of gender difference amongst regular
gamers (Lemmens and Hendriks, 2016). This sample was appropriate for the background
study as they would tend to have knowledge of various games and would have spent a
considerable amount of time playing and engaging with games and is therefore capable of

answering the questions.

For this research question, two tools were used: a questionnaire (Appendix 1) and a short,
structured interview. The questionnaire was used to collect quantitative data on game
preferences, motivations and habits. Other questions include game platforms used and the
frequency of play, and then an open question on why respondents like their favourite game.
Given the busy environment and the short time available, the interview was intentionally
designed to be short and structured. It was used to provide further insights into the reasons
they choose to play certain games and what the engagement triggers are. Three main
questions were asked: ‘What are the features that attract you to a game? ‘What are the
characteristics of a game that make you continue to play?’ and ‘What makes you come back

to a game?’
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Descriptive statistical analysis was carried out on the questionnaire. The questionnaire also
had one open-ended question, which asked why each respondent plays the game they played
the most. The responses from this were combined with the qualitative data gathered from the
interviews. This set of data was cleansed by removing null responses and those that were too
generic e.g. ‘I like everything about the game’. The interview was analysed using thematic
content analysis. Chapter 4 contains more details about the procedure, data analysis and the

results.

B. Digital educational games acceptance in the classroom: What are the factors

that determine the acceptance of digital educational games by teachers?

Acceptance is a major issue in the deployment of a new technology in an environment. This
is especially important in a place where individuals there are not familiar with the technology
or with anything similar. Ado-Ekiti, where the population for this research is based, is a town
in the wider region of southern Nigeria. Although mobile phones and computers are getting
more popular and either or both can be found in most homes, to the best of the researcher’s
knowledge this research is one of the first studies into the use of technology in the classroom
in the region. It was therefore important to consider the acceptance of a digital game in the

classroom.

Taiwo and Downe (2013) maintain that interaction between humans and technology is
influenced by a number of social and psychological factors and characteristics; a proper
understanding of these factors should precede the introduction of a new technology into a
setting. In particular, research suggests that many initiatives to integrate technology in
teaching and learning practices in the classroom end up not being successful (McKnight et al.
2016). This may not be unconnected to how isolated the introductions may be, little or no
plan for continuity and support which mostly ends up in lack of expected results (Sanchez et
al, 2014). The factors that contribute to the acceptance or rejection of a technology are

usually mediated through the beliefs and attitude of the users.

The researcher has identified the pupils and teachers as the main users of digital educational
games introduced into the classroom. The current element of this study is however focused
on the teachers’ acceptance, and worked on the assumption that the pupils would accept the

games. This assumption was based on two beliefs: teachers are seen as the ultimate decision
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makers in a school setting, and pupils and parents would normally buy in to whatever the
teachers say, particularly in Nigeria. Teo (2008) called the teachers the ‘true change agents of
the school’. Chen, Loo and Chen (2009) maintain that a major determinant of the success or
otherwise of technology integration in the classroom is acceptance by the teachers that will

be using it.

There is a large body of research on the acceptance of technology in the classroom by
teachers (Ertmer et al., 2014; Aldunate and Nussbaum, 2013; Ifenthaler and Schweinbenz,
2013). However, the peculiarities of the study population and the general focus of the present
research on digital games calls for a particular approach. The researcher chose the
Technology Acceptance Model in this case to model the acceptance of digital education
games by teachers. This was for two major reasons; it is the most-used model and so has been
widely validated and proven, and it has the greatest flexibility in terms of extension and
modification (Azza and John, 2015; Indu and Mukunda, 2012). Both aspects are vital to the

current study.

The target population was mathematics teachers in Ado-Ekiti. A total number of 220 teachers
drawn from 20 schools in Ado-Ekiti, Nigeria were involved in this research. The teachers are
mathematics teachers in secondary and primary schools across the town. The teachers in this
sample had varying levels of mathematics teaching experience (1 — 30 years) and age (21 —
60). Most of the teachers were familiar with the use of technology devices like phones,
tablets and computers, but none had previously done any form of technology-enhanced
teaching. Details about the sample profile, choice of teachers and characteristics are

presented in chapter 5.

The first stage of the data collection exercise was an initial semi-structured phone interview
with 10 of the teachers (Female: 6, Male: 4). The interview design and rationale is explained
in the next section. The second stage was the administration of the questionnaire to the whole
sample. In April 2015, just before the mid-term breaks, the questionnaire was sent to the

schools.

The comprehensive review of the literature on TAMs and their extensions highlighted the key
elements of the model when used to look at technology acceptance in a generic context. The

basis of the model is a combination of TRA (Fishbein and Ajzen, 2011) with Davis’ original
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TAM proposal (Davis, 1989). Following the recommendation of Hu et al., (2003) the
‘attitude towards use’ construct was removed as they opined it has a limited mediated effect
on the dependent variable. As this model was designed to predict the acceptance of
educational games by teachers who had yet to use this specific technology, the ‘actual use’
construct was also removed. This decision aligns with previous studies exploring the use and

acceptance of technology among teachers.

Consequently, a modified version of the original TAM and the theory of use was developed
as a framework for the new extended TAM with the following constructs: perceived
usefulness, perceived ease of use, subjective norm, behavioural intention to use and external
variables. In order to extend the model, it was necessary to identify those external variables

peculiar to the context of study: teachers new to using educational games in the classroom.

I. Interview
The purpose of the interview is to identify and understand the factors that teachers say affect
their intention to use digital educational games in the classroom. The five structured
interview questions were drawn from the constructs mentioned earlier (perceived usefulness,
perceived ease of use, behavioural intention, subjective norm and the external variables), with
scope for follow-up questions depending on the nature of their responses. A semi-structured

interview was conducted over the phone with 10 of the teachers from the wider sample.

II.  Questionnaire
The extended TAM questionnaire (Appendix 2) was used to gather quantitative information
from the teachers. It has three parts- variables of the extended TAM, questions about
teachers’ career and personal experience with technology and demographic information. The
variables were adapted from previous literature and the results of the interview: perceived
usefulness (Davis, 1989), perceived ease of use (Davis, 1989), self adequacy (Bandura, 1977;
Cheung and Vogel, 2013), syllabus connectedness (Baek, 2008), enabling environment
Venkatesh et al (2003), experience with technology and technology-enhanced teaching
(Thompson et al., 1991), subjective norm (Fishbein and Ajzen, 2011). Bourgonjon et al.,
(2013) argued that job performance defines perceived usefulness in the original TAM instead
of the process of teaching. It was therefore important to include a variable that examines if
teachers perceive digital educational games as potentially useful in terms of educational

values and increased classroom engagement, so the researcher added engagement and
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learning opportunities. Adapting the variables and backing them up with data from the
interview helped the researcher bring the variables into the context of digital educational
games and also use the language of the teachers. This was one of the recommendations of

Venkatesh et al (2003).

Data from the questionnaire was recoded and entered into SPSS. The scale responses were
coded from ‘1 = strongly disagree’ to 5 = ‘strongly agree’. Negative items were reversely

coded for the purpose of analysis. The following analyses were carried out on the data:

Correlation: Pearson product-movement analysis was carried out to check the nature of the
relationship; positive or negative between the different constructs.

Fitness of model: the goodness of fit indices was calculated and compared to the
recommended value a good fit. This allowed the researcher to measure how well the
developed model fits the empirical data gathered.

Regression analysis: This was conducted to measure how significantly the independent
variables affect the dependent variable. Behavioural intention to use as the dependent
variable and each other variable as independent variables one after the other.

More details on the analyses, results and findings are presented in chapter 5.

C. Evaluating the effect of digital educational games in the classroom: What is
the effect of digital educational games on engagement of pupils with

mathematics in the classroom?

A prototype mobile game- SpeedyRocket, was developed in Chapter 6 of this thesis, based on
findings about the engagement factors, technology acceptance model and concepts drawn
from the curriculum of the target class. The game was used over a period of two weeks in the
mathematics classroom with the pupils and teachers. While this last research question
particular looks at evaluating the attitude to mathematics of the pupils, the researcher also
evaluated the acceptance and attitude of the teachers to the use of SpeedyRocket in the

classroom.

Target Population, Sample and Procedure
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The target populations were mathematics teachers and pupils in the upper primary classes
(Primaries 4 and 5; Ages 8-11 years) of the three partner schools for this study. This
presented a pool of 106 pupils and 13 teachers. In order to get an equal mix of gender, the
researcher randomly selected the same number of gender into the sample for the study. A
total number of 60 pupils (20 from each of the three schools) were further randomly divided

into two groups — 30 pupils in the experimental and 30 pupils in the control group.

The quasi-experiment lasted for two weeks. All but one of the thirty pupils (he was absent on
one of the days) in the experiment 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 everyday while the experimental group had 15 minutes for traditional
mathematics lessons and thereafter played the games for 15 minutes everyday for the two
weeks. Teachers also alternated the traditional mathematics lessons and the gameplay

sessions amongst themselves over the course of the two weeks.

Two weeks before the experiment, the mathematics attitude questionnaire (Appendix 3) was
distributed to the sixty pupils to gather the baseline data. Using the same questionnaire,
follow up data was collected from the pupils on the last day of the study. Focus groups were
carried out with the nine teachers (three teachers per school) that participated in the

experiment. The following tools were used for this study:

SpeedyRocket: This was the digital educational game used for the experiment. The design

and development process are extensively discussed in Chapter 6.

Attitude to mathematics questionnaire: Attitude to mathematics is a well-researched topic
and therefore there are various tools researchers have used over time to measure it. One of the
most popular tools used is the Trends in International Mathematics and Science Studies
(TIMSS) Survey (Mullis et al, 1999), short Attitudes Toward Mathematics Inventory (short
ATMI) (Lim and Chapman, 2013); Academic Motivation Toward Mathematics Scale
(AMTMSYS) also by Lim and Chapman (2013). It has been widely used to measure trends in
students’ mathematics and science achievements. TIMSS was developed by the International
Association for the Evaluation of Educational Achievement (IEA) and administered on 9-10
year olds and 13-14 year olds every four years in participating countries (Pose, 2014).
Although the TIMSS has been well validated, it was not used in for this study. This is
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because the TIMSS includes some constructs that were central to it and yet not relevant to
this current study, for example, the researcher was interested in Attitude and not achievement
and in mathematics and not science. Another popular instrument that has been used to
measure attitude towards mathematics is the Fennema-Sherman Mathematics Attitude Scales
(FSMAS). Originally designed to examine gender-related differences in the attitude of high
school students towards mathematics (Fennema and Sherman, 1976). It consists of nine
scales, each of which pertains to domain-specific attitudes the authors considered to be
associated with the learning of mathematics. The nine scales are - Attitude toward the success
in mathematics, mathematics as a male domain, Mother (perception of mother’s attitudes
toward one as a learner of mathematics), Father (perception of father’s attitudes toward one
as a learner of mathematics), Teacher (perception of teacher’s attitudes toward one as a
learner of mathematics), confidence in learning mathematics, Mathematics anxiety,
Effectance motivation in Mathematics, and Mathematics usefulness. Each of the nine scales
has 12 items measured on a 5-point likert scale (from “strongly disagree” to “strongly
agree”). While these nine scales can be used together or separately — (individual scales or
combination of two or more), researchers have often used it flexibly to examine different
dimensions of attitude to mathematics (Ren et al, 2016). Another flexible way in which the
FSMAS has been used is in shortened versions that were developed for particular studies,
which necessarily did not require all the nine scales. Sachs and Leung (2007) adapted a short
form of the attitude tool using the teacher-relevant scale to examine the use of FSMAS in
programme evaluation. Likewise, Lim and Chapman (2013) used a revised version of the
anxiety subscale in their study instead of the nine scales. The researcher therefore decided to
create a mathematics attitude questionnaire from the Fennema-Sherman Mathematics
Attitude Scales (FSMAS) specifically for this study. In addition to being a common practice
in literature to modify existing evaluation tools, the researcher considered the language of the
original Fennema-Sherman Mathematics Attitude Scales (FSMAS) and its clarity to the
intended respondents. The researcher was keen to ensure that it fits with the context of the
research as well as the age group under study. Given the particular construct under study —
attitude to mathematics, the researcher thought it wise to draw items from the different nine
scales that relates to attitude to mathematics. Finally, the length of the original FSMAS was a
reason to modify it. Following the recommendation of Kirby (2004) research tools like
questionnaires for young people should not be too long as they young people could become

bored over time filling them.
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The questionnaire was adapted and modified with Keller’s ARCS model of motivation
(Keller, 1987; Keller, 2009). The ARCS model has been widely used in designing and
evaluating motivational learning techniques. It measures four variables: Attention, which is
defined by the interest gained and sustained during educational activities Relevance, this is
defined by the students’ perception of the activity as a personal need. Confidence, is
concerned with the students’ expectation to succeed in the activity and Satisfaction refers to

the rewards the student expects to get from the activity.

In order to use relevant items to the variables in the ARCS model, the researcher adapted the
FSMAS scale items. Given that the researcher focused on just attitude, only items relating to
attitude to mathematics were selected from the FSMAS, with special focus on interest,

motivation, confidence and enjoyment of mathematics.

The questionnaire thus consists of ten attitudinal questions and two demographic questions.
This was kept intentionally short so as to limit the demand on the classroom time and ensure
the pupils did not lose concentration while completing the questionnaires. University experts
with experience in developing questionnaire tools confirmed the content validity of the
questionnaire instrument in education. A team of primary school teachers from the schools in
Nigeria checked for appropriateness of language 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.

The classroom observation and focus group with teachers are both discussed in chapter 7

3.4 Critique of Sampling and Research Methods

One potential issue with the work presented in this study is the concern on the
development of the engagement framework from work carried our with UK young
people. Given that the engagement factors were developed from the work with UK
young people for a game to be developed for young people in Nigeria. The researcher
focused on getting an optimum result more than producing a generally valid

framework. The framework developed acted as a blueprint and a guide in informing the
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design choices to be made in the game. Following Krueger and Casey, 2000), it was the
intention of the researcher to gather responses from a sample who have not only
experienced playing digital games, but who would also be able to give informed
responses about their gaming choices. This is referred to as purposive sampling, a form

of non-probability technique.

In non-probabilistic sampling, samples are gathered in a process that does not afford
every unit/individual in the population an equal chance to be included (Etikan et al,
2016). In this form of sampling, the focus is on particular characteristics features of the
population that are of interest, which will be useful in answering the research
questions. The sample employed here for the development of the engagement
framework is not representative of the population and this was an informed judgement

of the researcher on the value of the potential responses from the sample.

In particular, the type of purposive sampling used here is called expert sampling. It is
the type of purposive sampling in which content is gleaned from a relatively small
sample (<1%) of the user population, called expert users (Ghosh et al, 2013). It is
particularly useful when responses are needed from participants that have a particular

expertise to open door to the new users (Laerd, 2018).

In the case of this research, and considering the kind of question the researcher was
interested in answering, it was important for the researcher to get responses from
gamers who had a greater than average interest and experience playing digital games.
Bernard (2002) emphasised the importance of availability, willingness to participate
and the ability to communicate experiences in a clear manner. Also, following the
recommendations of Patton (2002), another rationale in this regard was the limited
time resources and ethical peculiarities of the current research. These formed the

criteria for inclusion for the participants:

i.  Young people < 18 years old at the time of the event
ii.  Play digital games more than 1hour per week
iii.  Willing to participate

iv.  Able to communicate their experience and opinion in an articulate manner.
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It was assumed that the group of young people would have substantial interest and
experience playing digital games and would be able to provide useful insights into what

makes digital games interesting and engaging.

According to Palinkas et al (2015), a major strength of purposive sampling is the
possibility it afforded the researcher to examine concepts in a population while
reducing the complexity of analysis. In addition, as it relies on participants ‘being at the
right place at the right time’, it presented a less expensive sampling method as there
was no need to list all the population elements. However, this sampling method
presented its own disadvantages. Apart from the assumption of who an expert gamer is
in this case, the sampling was susceptible to variability and bias by the researcher. The
researcher dealt with this challenge by adopting clear and concise criteria for inclusion.
The other challenge posed by purposive sampling is the concern about the
appropriateness of the sample in making logical generalisation. However, as stated
earlier, it was not the intention of the researcher to generalise the findings from the
game engagement framework but to use it to provide a guideline and a blueprint for the

development of engaging digital educational games.

3.5 Ethical Considerations

Considering the fact that this research focuses on and engage children, the ethical issues that
will be addressed are similar to those stated in other social and medical research guidelines;
however Tisdall et al (2009) suggests that the way the ethical issues are handled might be
different in practice, this research will therefore consider the following guidelines drawn
from similar research and the Northumbria University Research Ethics and Governance
Handbook. It also adopts the UN Convention on the Rights of a Child (2008), which defines
‘children and young people’ as all persons under the age of 18 years. The following accesses

the ethical considerations for this research:

i.  Consent

ii.  Disclosure and Barring Service (DBS) Clearance for the Primary Researcher

Consent
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In contrast to obtaining consent for older people and other populations, getting consent for a
child for research is much more complex. Technically, in the context of research, it makes
sense to view children as independent individuals capable of making their own decisions and
giving their responses. However (Greig et al, 2007; Tisdall et al, 2009) suggests that since
their views and opinions are widely influenced by parents and other gatekeepers such as
teachers and social workers, children are considered legally incompetent to provide consent
for participation in research, more so, as an important part of research is making sure that
respondents and participants are fully informed and aware of the nature, purpose and
outcomes of the research (Tisdall et al, 2009). It is therefore imperative that this research
seeks consent from both the children and their respective gatekeepers. In lieu of this, this

research will initially seek to first obtain

consent from the following

i.  Head teachers of Schools involved in the research (in loco parentis) and assent from
ii.  The children themselves
Considering the fact that this research poses only a negligible ethical issues to the
respondents, teachers were be expected to opt the children into research. The parents would
be informed and still held the ultimate decision to withdraw their children from the research

if they want to. The consent outlines the following:

i.  The purpose of the research
ii.  What the involvement of the child will be

1ii.  The outcome of the research

After consent has been obtained from the school, this research will then seek to obtain assent
from the children. This is the child providing a signal that they are willing to participate in
the research. According to (SRCD, 2009) this does not have to be signed or written assent,
simply a signal that they are willing to take part. It is important that the children have a good
understanding of the research and the objectives are presented in a way they can understand.
This research seeks to pilot the consent phase with a sample of the children to ensure that the
research information presented is clear and easily understandable. In addition to the
document containing the consent information, a verbal discussion of the research and what it

entails was carried out with school management and teachers.
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4 Chapter4: Engagement in Digital Games

4.1 Chapter Introduction

So far, this thesis has examined the literature on game-based learning and presented the
findings of the study into attitude to mathematics. One of the other key objectives of this
study is to identify the factors that contribute to engagement during gameplay. Knowing what
makes a game engaging can inform the design of educational games to ensure they are
attractive and appealing. Educational games face the challenge of providing a similar
enjoyable experience to players who are used to engaging and showing interest in games.
Thus, it is important to find out what the motivations are for playing games and what the
preferences are of the players in terms of the kind of games they play and enjoy the games.
This chapter presents two closely related but separate studies: the first is a questionnaire to
capture data about general play and preferences; the second is a structured interview designed

to gather information about what are the main influences on their game choices and the
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engagement triggers in those games are. The chapter ends with a presentation of the three
levels of engagement and a discussion on how the factors fit together in an engagement

framework and a discussion of how the different factors fit together.

4.2 Methods

One of the primary goals of a digital games developer is to create enjoyable games (Sweetser
and Wyett, 2004) and that the games possess characteristics that would draw a player’s initial
attraction to it, maintain the engagement and make them want to return to play it. This is as
important for digital educational games as it is for entertainment games. Young people have
quite a wide range of games to choose from and play, and they would not choose games that
do not interest them. As technology advances and designers get to build more engaging
games, educators and educational digital games designers need to understand how these
advances influence engagement and the choice of games young people make. Engagement is
a complex construct and as such should be explored by considering the responses of players
to the gaming experience (Squire and Barab, 2004), in this case, young people. That is what

prompted this researcher to undertake this background study.

Digital educational games often need to be context-specific and adapt to particular
environments including culture, language and most importantly the curriculum. These can
differ from place to place. However, as discussed in Chapter 3, a purposive expert sampling
was considered appropriate with respect to determining the engagement factors in everyday
entertainment games. To the best of the knowledge of the researcher, there is no record of
any digital educational mathematics (or any other subject) developed for use in Nigeria

classrooms.

Most of the commonly used maths games are developed for the developed and western world
where schools mostly have the resources to purchase licenses. An example is Mathletics is a
subscription-based mathematics online game. In the development of engaging educational
games for mathematics in the Nigerian classroom, this engagement framework offers
guidelines with respect to where resources should be focused. This is particularly important
because schools in Nigeria often do not have access to large funds to acquire licenses to large
and widely used educational games and at such most of the games they use would be

developed by independent game makers, teachers or other educators.
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The focus is on examining the factors that young people find engaging from amongst a
population of regular gamers. This would have been difficult to do in Nigeria as young
people do not have the same access to technology and digital games, hence the researcher
worked with young people attending the Game On exhibition at Life. Two data collection
techniques - questionnaires and interviews were used for the primary data collection process.
The questionnaire was used to explore what kinds of games young people are playing and
why they play them. This was followed up with a short structured interview to provide
further insights into the reasons they choose to play certain games and what the engagement

triggers are.

4.3 Game Preference and Motivation Questionnaire

The first part of this study involved the use of a simple questionnaire to gather data about
game preferences and motivations from young people. The population used for this study was
visitors to the GameOn exhibition that took place in Newcastle upon Tyne from May 2014 to
January 2016 at the life science centre. GameOn 2.0 is the biggest collection of playable
computer games in the world (BT, 2015). The exhibition provided a collection of games from
the past 60 years to be played on their original historic equipment. This population and
context was considered appropriate for three reasons — the first was accessibility of the
location to the researcher as it was sited in Newcastle and the researcher’s university had
links with the Centre; and being visitors to a gaming exhibition suggested that participants
would be willing to spare some a few minutes completing a questionnaire about games.
Secondly, it was assumed that many of the young people would visit with their
parents/guardians and so consent would potentially be easy to get. Finally, the researcher
expected that most of the visitors to the exhibition love games and spend considerable
amounts of time playing games and therefore the results would be valid for regular gamers.
However, that also meant that findings could not be generalised to others who are not regular
gamers. This was a necessary compromise because the second part of this study examined

what were the engagement factors in gameplay.
A questionnaire (Appendix 1) was designed to examine the motivation to play games, game

preferences, a ranking of the five most played games, type of devices played on, and some

demographic information. In order to ensure clarity and reduce ambiguity of terms and the
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items on the questionnaire, a pilot of the questionnaire was carried out initially with a small

number of young people; before being reviewed and revised for the main sample.

The researcher had a stand at the exhibition for three days in September 2015. There was a
screen showing videos of live play of a number of game playing sessions and a paper poster
that stated the title of the research. There were also information leaflets that provided more
information on the research, contacts at the researcher’s university and how the obtained data
will be used. At the back of the pamphlet, a consent form (Appendix 2) was made available
for the parent/guardian to read and sign before the paper questionnaire was handed over to

the child.

i.  Overview of results

In total, 37 males (73%) and 14 females (27%) completed the questionnaire. Respondents
were aged between 7 and 16 years of age with the average age being 12 years old. The
responses confirmed that the majority of respondents were regular gamers with 47%
spending at least 4 hours a week playing games with some up to 20 hours. The highest
percentage of respondents (86%) played games on tablets, followed by the Xbox (60%) while
the PlayStation was the least used device (24%). In terms of the ranking of the five most
played games by each respondent, 64 different games were named. Minecraft topped the
ranking score with 1964, followed by Candy Crush (814) and Terraria (712). Lego Lord of
the Rings (60) was the least ranked game.

ii. Game genre preferences (question7, 8 and 10)
Respondents play a wide range of games — 64 in all. Adventure games are the most played
(80%), followed by multiplayer games (60%) and shooter games (47%). The least type of
game is flight fighting (10%) and arcade (14%). Tassi (2016) reports minecraft to be the
second highest best selling game of all time just behind zetris and ahead of classics like super
Mario and GTA. Originally created independently by a game developer named Mojang,
Microsoft bought it for a $2.4 billion in 2014 (Ovide and Rusli, 2014). Its popularity has

since increased, surpassing over 100 million sale milestone as at June 2016 (Warren, 2016).
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Figure 4.1:  Preferred game types

The choice of minecraft and adventure as the most played game and most preferred genre
respectively might not be unconnected to the desire and interest of young people in creativity,
control and misery. Research suggests that the success of games like minecraft could be
partly explained by the absence of specific goals or aims and the freedom it affords players to
explore and immerse themselves as much as they want in the environments (Riordan and
Scarf, 2016). The open-ended nature of minecraft encourages players to maximise their
creative power to build and put together resources to do anything they can imagine. This is in
contrast to the real world where they often face one limitation or the other. Minecraft also has
a multiplayer mode that makes it possible for multiple players to collaborate in a single world
and build, fight and create together. Multiplayer — the second most played genre underscores

the importance of community and interaction with other players to the gamer.

ili.  Motivation to play video game (question 9 and 10b)
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Figure 4.2:  Motivations for playing games

Most of the young people surveyed considered fun as the main motivation for playing video
games. The challenge of figuring things out and the social aspect of gaming — playing with
friends, are also strong motivational factors. However, the researcher could argue that fun is
the main motivation, and different young people define fun in different ways- to some it is
competing and winning, to others, it is playing in a community, or it may come from the
challenge the game offers to their intellect.
iv.  Digital educational games

In terms of experience with educational games, 67% of the respondents have played at least
one digital educational game before and 33% had not. In all, 10 different games were
reported with MyMaths (41%) being the most played game and xtables, once upon a monster
lexia and parking panic the least played at 3% each. It is worthy of note that the two most
played educational games (MyMaths and Mathletics) are about mathematics. This underlines
the amount of attention the subject gets in schools. It is interesting to note that respondents

regarded Minecraft as an educational game. The researcher did not consider the responses to
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the questions with respect to gender, as the respondents were not evenly split in terms of

gender.

4.4 Interviews and Analysis

Emerging from previous studies, some theoretical factors that support engagement in games
have been identified. Some of these factors have been studied extensively in the literature and
tested widely. However, since the field of video games and entertainment is a fast-growing
and evolving space and several innovations and technological advancements have changed
the type of games played in the last few years, it is important to update theories to reflect new

discoveries and creations.

Thus, the researcher sought to ask the ‘gamers’ of the day what triggers their engagement
when they play games. One of the questions in the questionnaire was open ended to allow
respondents state why they play their most popular game. In addition to that, an interview
was carried out to provide further insights into the reasons players choose to play certain
types of games. The interview employed structured but open-ended questions in order to
avoid leading the respondents to biased answers and opinions. Three main questions were
asked: “what are the features that attract you to a game?”, ‘what characteristics of a game

make you continue to play?’; and ‘what makes you come back to a game?’

The responses from the interview were combined with the qualitative results from the
questionnaire to produce further 30 answers. The data was then cleansed by removing null or
ambiguous answers e.g. ‘I like everything about the game’. The resulting set of data was
separated into 118 statements.

The short answers collected from the interview were analysed using an inductive coding
process as part of the thematic content analysis (Vaismoradi et al, 2013; Braun and Clarke,
2006). Basit (2003) defined codes as tags that are used to give meanings to sentences or
words. The coding process of the data was performed manually on paper and was focused on
the meaning of the statements. As the aim was to deduce what the engagement factors were
for the participants, open coding was used to highlight and examine the data for emerging

factors. The researcher read the data repeatedly to identify themes and categories that were
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relevant to the research question. The factors that reoccurred across the whole data were then

grouped according to themes. The themes are presented in the following section.

4.5 Findings and discussions

This section presents the discussion around the themes found out from the data analysis in the
previous section. The engagement themes are: Challenge, thematic and visual appeal, social
interaction, feedback and rewards, clarity of goal, Immersion and creativity. The discussion
will draw on evidence from the questionnaire and the interview as well as the literature

around engagement generally.

a) Challenge
Challenge is one of the features respondents reported they like in games they play the most.
Results of the questionnaire show that the challenge of figuring things out is one of the most
popular motivations for playing games. Challenge also comes out strongly in the interview

responses. For example one of the responses said:

‘If things get harder and makes me involved in the play’,

Early work in engagement and flow theories by Czikszentmihalyi (1990) show that the more
complex and challenging a task is, the more deeply students engage with it. Wang and Chen
(2010) suggest that getting the challenge style of a game right is a way to maintain
motivation, facilitate knowledge construction using trial and error and also enhance the
consolidation of knowledge by providing progressively more difficult challenges. A game is
challenging if it provides a number of different levels of difficulty and allows players to use a
range of mechanisms and approaches to solve problems or achieve certain objectives. As one

respondent said:

“ I come back to play a game I enjoyed the first time I played it and there are

new challenges and levels to overcome’.

These suggest that building a certain amount of challenge into a game is key to engaging
players in the play. It is imperative to get the mix of difficulty and ease right and ensure that

the level of challenge presented to the player corresponds closely to their level of skill.
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Bryant and Fondren (2009) maintain, “Moderate levels of complexity create intermediate
levels of cortical arousal which is both optimally pleasing and efficient”. Fullagar et al.
(2013) opined that getting the right balance of the challenge-skill dynamics enhanced
engagement and motivation while also increasing the capacities of the player to do more

difficult tasks. Responses such as including

‘a right balance of easy and hard especially with the tips and instruction’
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Figure 4.3 Flow Channel: The challenge matches the skills (Csikszentmihalyi, 1990)

suggest the importance of getting the level of challenge right. Csikszentmihalyi (1990) in
figure 4.3 describes a stage where challenge or difficulty is too high and anxiety sets in or
when challenge is too low and boredom occurs. He went on further to maintain that the
desired level of flow in a task is achieved when the individual employs a high level of skill to
meet a major challenge. This means the particular task is not too easy for their skills, neither
is it too hard or impossible for them to do. ‘Strategy’ and ‘thinking’ are further terms used by

the respondents. One respondent said

‘I like how you have to figure the words out with your brain and it really helps  you

with spelling, writing and reading’;

another one reported that she would continue playing a game if
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‘It makes me think’.

These responses suggest that challenge can be a function of the amount of strategic thinking a
game requires. Progressive challenges encourage the player to think about ways to navigate
and deal with difficulties in the game. Learning and mastery go hand-in-hand in challenging
games as players are able to think, learn and improve their skills as difficulty increases

(Denisova et al., 2017).

Players want to stay mentally engaged during game play. The desire for challenge may not be
unconnected with the perceived sense of achievement and rewards that often come with
passing the challenge. These sort of rewards may be in the form of progress through the
game, greater challenge or even just a sense of increase in self-efficacy. The sense of mastery
and accomplishment is a major drive for game players to push themselves mentally to meet
the challenges. However, making a game too difficult can lead to frustrations just as making
it too easy may lead to boredom and apathy. Game players get more engaged in gameplay
when design ensures a match between the challenge and their expertise (Klarkowski et al,

2016).

Adam (2014) maintains that there are two main types of challenges — defined by the demand
they place on the gamer: mental or physical. In order to make digital games more challenging
to the player, designers push challenges in two main different ways: either by increasing the
cognitive or physical limits of player (Cox, 2012). While physical challenges targets a
player’s ability with respect to the speed and accuracy with which they undertake task,
cognitive challenges push a player’s memory, observation and problem solving capacities

(Denisova et al., 2017).

b) Thematic and Visual Appeal
Thematic and visual appeal cover elements of engagement that have to do with interest in the
story/theme of the game and in its graphical interface. This could include the characters’
appearance in addition to the game itself. Thematic appeal is illustrated through the
respondents’ comments that the reason why they play certain games is that they match their
interests in the real world. Research has shown that male gamers tend to prefer sports, racing,
shooter and role playing games while females prefer arcade and puzzle/word games (Homer

et al, 2012; Scharkow et al, 2014). For example, one respondent said
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‘the reason why I play the game is because I love to play football’

and another respondent with an interest in trains and railways, said that he played the game

because

‘ * s
I can operate a railway’.

It is therefore important to note that engagement is sometimes not entirely a function about
the way a game is made but also dependent on the general interests, career interests, and real
life hobbies of the players. This implies that certain players engage with games because of
their interest in the subject of the game and these thematic preferences influence how
engaged a gamer is in the gameplay. It is important to take this into consideration especially
with games targeted at particular sets of people. The gaming world is a make-believe one, in
which players can be what they want to be, and do what they want to do even if it is
impossible in real life. This explains some connections that players have with particular game
genres and stories. The content and characters are particularly important in the game for
players, as there appears to be a relationship between playing some games and the observed
behavioural and social outcomes amongst gamers. This explains the assumption that males
have been reported to prefer physical game genres and females are attracted to games that
have a social interaction aspect as well as cooperation elements to it (Scharkow et al, 2014),
Furthermore, females generally dislike games that depict highly sexualized female characters

or have violent themes and contents (Hartmann and Klimmt, 2006).

Some studies (including this research) have reported that males appear to be more interested
in games than females; evident by the amount of time they spend playing games. Generally
males spend more time playing games than females do (Lemmens and Hendriks, 2016). The
literature highlights some particularly wide gaps. Rehbein et al (2014) reported that in a
German adolescent game player sample of about 11,000 students, males played 162 minutes
a day compared to 27 minutes a day for females. Although Rehbein et al (2016) claims that
the explanation for longer engagements in males are still not well formed and understood, the
comments from respondents in this research suggest that the wide difference could be
explained by the availability of game themes that traditionally interest boys more than those

that interest girls.
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Other responses suggest that the graphical nature of the interface and characters are triggers
of engagement for them. Considering latest advancements in technology that have resulted in
the capability of designers to use computers in creating graphics that are real and attractive, it
is not surprising that this plays a major role in attracting and maintaining the interests of

players in the game play. For example, a respondent said that he likes games with

‘clear graphics that show the characters as real as possible’

while another mentioned that

‘the art and style’ is what attracts them to a game

One major result of better graphics technology in games in recent times is the creation of
avatars. The ability to create avatars is a common feature in many of the video games today.
It is through an avatar that a player gets to experience the game world and gameplay (Soutter
and Hitchens, 2016); this has positive implications for the player with respect to engagement

and enjoyment (Trepte and Reinecke, 2010).

Excellent graphics in a game can be an attractive feature to a player. Newman (2013)
maintains that it is “clearly important for many if not all games and gamers, and that the
(audio)-visual composition of the game world has an enormous impact on players, non-
players and purchasers of games alike.” However it is important to note that there are several
games that have engaged players in the past and are successful in the gaming world that do
not have attractive graphics. Examples are games like the paddle tennis games and the early
football manager games, while some like Dragon’s lair and Myst have presented highly
technical and aesthetically sound visuals and have failed as video games. Although these
games had great visuals, they failed to provide corresponding opportunities for interaction,
which is equally if not more of a greater importance to engagement. This indicates that while
excellent graphics and visuals are good, they are not enough on their own as they need good

game play to sustain interest.

¢) Social interaction
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This component of the engagement framework captures the game characteristic that allows a
player to share the experience of playing with another person. Some respondents that play
multiplayer games against/with friends reported that they were engaged in those games
because the games provided a platform for communicating and cooperating with others,
interacting with the community and building friendship. Advances in network technology
now means that different types of social interaction can be possible during gameplay
depending on the design of the game. Some of the responses suggest that there is a link
between competition and social interaction. For example one respondent stated that their

reason for continuing to play a game is so

‘I can beat the high scores of myself and my friends’

while another says

“I love the competition as I can tell my friends I will beat you later’.

Competing with friends and other players has now become a major aspect of a video game.

One of the respondents said the reason why he loves the game he plays is because he can

‘start campaigns and compete against my friends’,

Humans like to win, and it is no different with digital games. It is a good feeling when a
player competes with the computer or the game and wins, but it is a better feeling playing and

beating another human being. Game designer Gregory Trefry (2010) puts it this way:

“winning a single-player game feels like an accomplishment; beating your friends feels like a

triumph”

While competition is a form of social interaction, cooperation is another form. Skills and
expertise and playing as partners can be another reason why a player is engaged in gameplay.
According to Greitemeyer et al. (2012) the structure of cooperation in games is that in which
the goals are positively linked so much so that individuals are successful in attaining their
own goals when their partners attain theirs. One respondent stated they liked the game

because:
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‘I can be friends with other people’.

However, it is worthy of note that socialising in games is not restricted to communicating or
competing with friends in the game. Some of the responses suggest that socialissing occur as

a function of feeling as a member of a community:

‘play with the community” and also ‘communicate with the teams’.

This community need not be restricted to ‘in the game” as sometimes the conversations had
during gameplay can be carried on outside the gaming experience. Engaging game plays have
the capacity to create new relationships, and foster interesting conversations about the game

subject and other related things outside the game.

d) Feedback and rewards
Respondents reported feedback as one of the features that they like in a game. Through
feedback, a player can self-access their progress and competence. A good feedback
mechanism in a game can help engage the player. Players like to receive feedback and/or
information in order to know if they are making progress, and if their actions are correct or
not. This helps players plan and make decisions about their future actions and gameplay. As

one respondent stated:

I like to receive updates about my performance and scores’.

There are different types of feedback: visual, auditory or sensory (Lyons, 2015) and they can
either be positive or negative. The different kinds of feedback are useful under different
circumstances. While positive feedback is a mark of competence and increased expertise, and
has been shown to be particularly useful in maintaining long-term motivation and play,
negative feedback reduces the feeling of competence but can increase immediate game play
(Burgers et al., 2014). Some responses also suggest that players view reward as a form of

feedback. For example, one respondent said:

‘I need to know what to do to get high scores and get the necessary points’.
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Rewards such as extra lives, points, money, ability to unlock special skills and tools,
promotion to a new higher level, all help keep a player engaged in game play and are

illustrated through comments such as

‘earning new points’, ‘achieving new things’ and ‘being able to play better’.

All these statements confirm the belief that rewards can provide access to new experiences in
the game, which helps motivation and engagement. Having a variety of rewards, feedback
mechanisms and progression routes can all support a more engaging experience for the

player.

e) Clarity of goal
This element has to do with how clear the objectives of the game are and additionally
whether there are clear instructions and rules of play. In order to initially draw a player to a
game environment, the player needs to understand what the objectives of the game are, or at
least the initial objectives for the game play. This element is associated with both motivation
and achievement as knowing the objectives helps maintain motivation and completing
objectives helps with the player’s sense of achievement and further contributes to their

motivation to continue playing. This desire for clarity of goal is evident from the statements:

‘I want to know what the game is about and what I should be doing’

and

‘I will continue playing a game if I understand what the game is about’.

Clear goals provide a sense of purpose that can be easily understood by the player and are
essential for motivation and engagement.

) Immersion
This element of engagement describes the desire of the player to experience the story and be
part of the gameplay. This could be considered to occur as a result of engagement. The point
where players ‘loses themselves’ and becomes part of the game can be considered the
ultimate point of engagement. At this point, players consider themselves to be ‘in the game’

(Jennett et al., 2008; Wirth et al., 2007). Some respondents reported this as the reason why
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they would keep playing a game. The interaction with the characters of the game as well as
conceptualising themselves as part of the virtual world is appealing to some players. One of

the respondents said
‘I like being involved in the play and experiencing the environment’.
The state of being involved in the gameplay sometimes results in unintentionally placing all
the focus on the game and somewhat losing sense of the real actual environment the player is
in. One respondent said:
‘I love the world of the game as I get carried away while playing it’
while another said
‘because I can see myself in the story, it makes me attached to the game’.
This feeling of immersion leads to engagement with the game and a feeling of attachment.

g) Creativity
Providing the opportunity for players to be creative and use their imagination was highlighted
as an important factor to maintain a player’s interest in a game. This is a key finding from
this study. In a study by Kankaanranta et al., (2017) “children became emotionally attuned to
the games that offer possibilities to utilize one’s own creativity”. The popularity of games
like Minecraft and FIFA may explain this. Players feel engaged and involved in the game
play if they are able to create and control content and other elements of game play. For
example in FIFA16, players can create teams, and manage players, as they want. Two of the
respondents reported that the reason they come back to play a game is because
‘it allows me to build anything I want to build using my imagination’

and

‘I can build my own teams and control them’.
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This feeling of control and creativity is essential to engaging players in the game play. It is

also related to achievement and mastery. As one respondent remarked:

‘the reason I like to come back to play is because it gets my attention as I am trying to be

creative in order to survive’.

4.6 Game engagement framework

It has already been established from the literature that one of the reasons why digital
educational games are not as successful as entertainment games is their inability to offer a
comparable level of enjoyment found in the entertainment games. Research has also shown
that engagement is positively related to learning (Lee and Hannafin, 2016; Barkley, 2018).
Successful digital games have been able to engage players and sustain their interests for long
periods of time. However, since the goal of a digital educational game is to teach, it is
understandable that designers and developers prioritise that over creating a fun and engaging
experience for the players. Nevertheless, the purpose of an educational game will not be
achieved if it is also not attractive, engaging and fun as learning in and through the game
requires sustained and continued interest in the game play. That is why this research draws on
the experience of young people playing entertainment games and what they view as
‘engaging’ and ‘fun’ about these games. The framework built from responses from young
people who play entertainment games is fundamental to the development of engaging digital
educational games. The structure of the interview enabled the researcher to map the factors of
engagement into those that initially attract players, those that sustain the engagement and
those that keep the players coming back. These factors have been grouped into three main
categories: initial engagement, on-going engagement and engagement outcome. The
importance of this framework is not just in highlighting factors that are needed for
engagement in digital educational games, but also in assisting the designer and developer to
think about the context of use. Majority of The current commercial mathematics games are
not readily accessible in Nigeria, therefore designing a ‘freely accessible’ one seemed
appropriate. Furthermore, some of the current commercial games would not be linked to the
Nigerian context particularly the curriculum so the framework helps the designer/developer
look at these issues in relation to the different factors that young people find engaging/fun in

a game.
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Figure 4.4 Game Engagement Framework

Initial engagement factors are those that appear to be antecedents to engagement, they
precede and tend to trigger engagement. Motivation is the basis for initial engagement. This
motivation can either be powered by thematic/visual appeal as well as interest in the subject
of the game (extrinsic) or clarity of goals, objectives and aims of the game. With digital
games, the personal interests of a player in a game genre, story, graphical presentation or
layout determine some of these initial engagement factors. However, after this initial
attraction, a player would need more than nice graphics and colourful layouts to stay

engaged.

For the initial engagement factors, the clarity of goal is very important even though in the
case of digital educational games for use in Nigeria classroom, the initial choice of the game

does not lie with the pupils.

Clarity of goal in this context is how defined the aims and objectives of the games are. This
provides the player with an understanding of what success is for the game and what they need
to do to achieve that. Usually, this will be appropriate and useful to outline at the start of the
game as gives an idea of what is required for the player to do. In digital educational games, it
is also useful to explain briefly what the learning outcomes of the game are. Not only does

this help the pupils, it also assists the teacher to properly understand how the game supports
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their teaching. Pupils can easily be frustrated and disengaged even before they start playing if
it is an uphill task to know where to start from. Goals can be presented in text, or video
format to give an overview of what the game is about and what is required of them as a
player. Goals can be as comprehensive as a video play-through of the worlds in an imaginary
planet and how to get from one to another or as concise as a statement that defines what the
game is about. Whichever way a goal is expressed, it should endeavour to speak the language
of the player; it is only by understanding the goal that the player can assess their own success
or failure with respect to achieving the goals. It is important the game’s goal and relationship
to the maths topic being treated is clear. Just as learning objectives are important in
traditional teaching methods, clarity of goal is equally as important in digital educational
games. The thematic and visual appeal is also essential, although tricky as responses suggest
that it is based on individual preferences. Research has shown the importance of good
graphics in the design of instructional tools (Annetta et al., 2009). However, in the design and
development of digital educational games, smaller budgets are a common challenge and
therefore costs can be prohibitive in terms of using high-end graphics in digital educational
games. The most basic form, the characters in the game, as well as the design elements
should tell a compelling story. This is particularly useful in maintaining the engagement of

the player in digital educational games.

As noted earlier, the thematic and visual appeal in the game is not just about the graphics. It
is also about how well players can relate to the look and feel of the game and the story-line.
In developing educational mathematics games, while it impossible to satisfy all the individual
preferences and desires of the whole class, it is still important to capture them as much as
possible. Parameters such as game story, settings, look and feel should be well thought-out
and researched to satisfy a wide range of audience. An example of how contexts affects this
is the development of games and around stories and characters that the intended audience can

relate to.

The on-going engagement factor; hypothesised as the ones that keep players interested in the
game are the most important factors of the engagement framework in developing digital
educational games in the classroom. During gameplay, these are the factors that help sustain
the engagement of the players. By providing rewards and feedback, a reasonable level of
challenge, a way for players to be socially active during gameplay and ways for them to be

creative, players can potentially be expected to experience more than the initial engagement,

87



and actually start ‘getting into the game’. This is like the substance of the game; it is what
many of the average games are missing. It is not an easy task blending game story, rewards,
and the right amount of challenge in a digital game, and these appear to be the core of the

experience a game player wants to have.

Creativity was one of the factors respondents said would make them continue to play a game.
As Gee (2003) rightly noted about good games “they allow players to be producers and not
just consumers”. Digital educational games should allow players to be co-creators of the
game environment, and develop their own knowledge acquisition. Although games are often
set in a make-belief world, players still want to be able to mentally experience the world and
relate to it as much as possible, and part of experiencing it is being involved in creating it.
Lin and Wang (2014) suggest that this creative capability is key to engagement in video
games, and designers should allow players develop realistic avatars. Players are more likely
to create characters that they can relate to and that represent characteristics similar to their

own.

Challenge is another factor that is key to on-going engagement. The right level of challenge
has already been established as a key factor in engaging players in gameplay (Lomas et al.,
2013; Sherry, 2013). Early work around flow and engagement has shown that to ensure that
players do not get bored or frustrated, the right level of challenge has to be built into the
games. In educational games, this is even more important, as researchers have shown that
challenge is a major source of motivation in learning activities (Leper and Henderlong,
2000). However, integrating challenge require some though. Gee (2003) recommends that the
gaming experience should be “pleasantly frustrating but not insurmountable” in terms of the
challenge it offers. Digital educational games that engage players should at the very least
provide the opportunity for players to choose difficulty levels based on the self-assessment of
their own skills. Great games could go a step further to learn and adapt difficulty levels to the
performance of the player using machine learning or similar technologies. This would mimic
the traditional teaching method of giving more challenging tasks to pupils that need them and

allowing pupils that need more time on simpler tasks to do so.

Rewards and feedback is also very important in engaging players in the game-playing
process. It is much more important in educational games as studies have shown that feedback

in educational games can “reduce redundant cognitive processes” and at the same time
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provide a blueprint for learners to correct their errors (Clark and Mayer, 2008). Feedback in
educational games can be in the form of notifications and tips on how to make progress in the
game, whether game activities have been completed correctly or not. It can also be in the
form of rewards like special abilities, access to new levels and new equipment. Using a
scoring system is one of the most common and basic ways to provide feedback in terms of
rewards to a player (McKerna et al., 2015). However, Kelle et al., (2013) suggests that
rewards in form of the scores are only useful in game-based learning if they are combined
with a time limit. It is also important that rewards and feedback should not interfere too much

with the flow of the game play.

In designing a maths game for pupils in Nigeria, it is also important to embed these factors to
provide an equally engaging experience to the players. In contrast to the traditional
teaching/learning styles in Nigeria where feedback is usually non-existence or at best generic,
digital educational games should present regular (but not intrusive) feedback to players. In
addition to this, rewards should be added to give players an incentive to continue to play the

games and keep them motivated.

Finally, Social Interaction is another factor that is reported to support on-going engagement.
Social interaction in digital educational games is also an on-going engagement factor. This is
one of the factors that are more pronounced recently due to the pervasiveness of more
connected devices. In many current digital games, social interaction includes scoreboards,
competing while playing together over the internet. Even though network capabilities and
device connectivity has improved, embedding social interaction within digital educational
games is still challenging. In a study involving Mathletics, Nansen et al, (2012) maintain that
“direct communication with other players within the application is not possible, so interaction
is limited to more indirect forms of displaying and viewing profiles or competing against

other Mathletes in games of live Mathletics.

The kind of social interaction available in Mathletics- viewing profile may not even be
feasible for digital educational games created for use in Nigeria, as internet access is a rare
commodity. However, as this factor is essential for on-going engagement, developers and
educators need to find a way to implement it in games — directly or indirectly. Social
interaction features should help keep players engaged and active with the game. This should

be done in such a way that it does not completely disrupt the orderliness in the classroom.
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Good games engender engagement on different fronts, but adding a community factor to the
game can increase motivation to play and continue playing. This is in line with research
carried out at Cornell University (Culbertson et al., 2016) that found that games are more fun
when they are played with others, and more importantly, educational games are much more
effective when players can interact with others. As mentioned earlier, this element of
engagement can either be setup for players to cooperate or compete, or do both. Not only will
players and pupils be able to compare scores and share knowledge, they get to learn
collaborative and team work skills. It is important to note that most collaborative features that
have to happen in the game need interconnectivity between devices. This sometimes proves
challenging especially in schools or areas where network access cannot be guaranteed.
However, as mentioned earlier, social interaction is not limited to in-game features, and face-
to-face interactions can prove even more useful that online interactions, especially in the
classroom. In digital educational games designed for classroom use, it is useful to think about

how activities in the game can be set up in a way to encourage pupils to work together.

The engagement outcome — immersion is a state that is not likely a game player gets to
within the allocated time for the activity in the classroom. However, if pupils enjoy playing a
certain game in the classroom, the possibility of playing the game outside the classroom

increases. If/when this happens, they may be able to experience immersion.

4.7 Conclusion
This chapter has focused on exploring why young people find some games more engaging

than others. It stems from a strong indication from the literature that a more engaging
experience can support more effective learning in a gaming environment yet often digital
educational games have lost their ‘engagement/fun’ factors because of their focus on
education. The results from this study indicate that engagement is complex. The factors are
inter-related, but also have their distinct characteristics and implications for engagement. The
diversity of the responses and resulting engagement factors suggest that young people engage
with particular games for a variety of reasons. This aligns with research that indicates
students have different learning styles. Thus the design of a digital educational game should
cater for this variety and incorporate a broad range of engagement factors to provide the
flexibility for players to find their own individual learning route through the game. The

resulting framework from this chapter is used in conjunction with the results from the
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extended technology acceptance model in the next chapter to inform the design requirements

for a digital educational game for use in supporting mathematics education in the classroom.

5 Chapter 5: Technology Acceptance In The Classroom

5.1 Chapter introduction
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As researchers continue to study the barriers and challenges that affect the integration and
adoption of digital learning technologies in the classroom, more focus is being placed on the
role of teachers in the adoption process. A number of studies have attempted to identify the
challenges teachers face and understand their adoption process. In these studies, it is
important to understand the local environment and context that the teachers operate in. For
example each developing country has its own specific level of education, culture, practices
and economic situation and within this there will also be regional differences. Thus it is
important to recognise these and examine the process of acceptance of technology by
teachers in the classroom in each particular context. This is especially important in countries
where little or no previous research has been done. Using the Technology Acceptance Model
as a basis, this chapter presents the study that was carried out with teachers in the Ekiti State
of Nigeria to understand the factors that are central to their acceptance, adoption and
integration of digital educational games in the classroom. The study employed a mixed
methods approach and combined the outcomes from previous research studies with data
gathered from interviews with teachers to develop a modified TAM. Independent evaluation
by a group of experts gave further confidence in the model. Following this, the model was
tested with a wider range of teachers from Ekiti State, Nigeria. The chapter concludes with a
set of implications for practice to guide the introduction of digital educational games into the

classroom.

5.2 Research Approach

As established in Chapter 2, a key element for ensuring the success of the introduction of new
technologies is that the users are prepared and ready to accept the technology. This research
combined the original Technology Acceptance Model (TAM) — Figure 2.4, and interviews
with teacher to explore the preparedness and intention of teachers to use digital educational
games in the classroom. There are two main rationales for using TAM for this study -the first
is that TAMs have been widely used and validated as a model for understanding users’
intention to adopt a particular technology and/or the actual adoption while highlighting their
main concerns and issues (Dong et al., 2017) particularly in the field of education (Huang et
al., 2016; Chintalapati et al., 2017). TAMs have also been found to work well across cross-

sectional boundaries (McCoy et al., 2005), which is a vital consideration in this study.
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However, previous studies have argued that the primary constructs of the original TAM
(perceived usefulness and perceived ease of use) are usually not sufficient to explain user’s
acceptance of new technologies (Wang et al., 2003) and so it is important to carry out
research to understand the factors that influence perceived usefulness and perceived ease of
use. This approach of combining the results from previous studies together with interviews

from the targeted group enabled the key variables/constructs to be identified.

a) Interview purpose and design
The main purpose of the interviews was to identify the external variables for the TAM similar
to the approach taken by Ng et al., (2013) and Wong (2015). However, the research team also
included questions to explore the variables adopted from the original TAM, namely:
perceived usefulness, perceived ease of use, subjective norm and behavioural intention. This
was to provide contextual evidence for these variables and ensure that they hold for the
particular population of this study. Prior to each interview, the teacher was given a brief
introduction and definition of a digital educational game to ensure that their responses were
focused on these and they did not confuse them with other digital games and/or board and

card games. The questions that the researcher asked the teachers are listed below:

i. Do you play digital games?

ii.  Perceived usefulness: do you think digital educational games can be useful in the
classroom for teaching mathematics? If yes, what for?

iii.  Perceived ease of use: how easy do you think digital educational games would be for
you to use in the classroom?

iv.  Behavioural intention: would you use digital educational games in your classroom? If
not, why not?

v.  External Variables: are there other factors that could influence your decision to use or

not to use digital games to teach mathematics in your classroom?

The five structured interview questions were drawn from the constructs mentioned earlier:
perceived usefulness, perceived ease of use, behavioural intention, subjective norm and the
external variables with scope for follow up questions depending on the nature of their
responses. If teachers asked for further clarification on any of the questions, further

explanation was always provided.
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b) Participants and data collection
The semi-structured interviews were carried out with primary school teachers across four of
the ten schools that signed up as partners for this research in Ado-Ekiti, Southwest Nigeria (n
= 10; Female = 6; Male = 4). The teachers were selected to have varying levels of experience
of teaching mathematics across a number of different age ranges and are representative of the
wider population of teachers across the ten schools. Many of the teachers were familiar with
the daily use of technology devices such as phones, tablets and desktop computers. They also
all knew what a digital game was, but none of them had ever used such technology to aid

teaching at any point in their career.

5.3 Results and analysis

The data from the teacher interviews were analyzed to identify the key elements from the
teachers’ perspectives. These were then combined with the results from the literature review

to produce the following variables/constructs:

Perceived usefulness: the degree to which the teacher believes that using digital games for
teaching and learning will enhance their job performance. This construct and description was
adapted from the original TAM, which found that perceived usefulness has a direct positive
effect on behavioural intention to use. This aligns with the views from the teachers who are
positively disposed to the idea of using digital educational games in the classroom. Teacher J

said:

“[ think educational games can create interest in learning mathematics as they like games

already. It can also help them learn difficult things”

Teacher I noted:

“digital educational games can be very useful in increasing motivation as the motivation to
play the game is already there and you wouldn’t need to create it again unlike with
traditional teaching that you have to make them enjoy. Since they can enjoy the game, they

can easily enjoy the mathematics”.

The hypothesis for this variable is as follows:
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H1. Perceived usefulness will be positively associated with teachers’ behavioral intention

to use digital educational games to teach mathematics in the classroom.

Perceived ease of use: this is the degree to which the teacher believes that using digital
games for teaching and learning will be free from effort. This variable and description is
adapted from the original TAM and confirmed by the results from the teachers’ interviews.
These results suggest that teachers who are negatively disposed to the use of digital games in
the classroom have a pre-determined opinion about ‘how easy technology is to use’. One of

the teachers stated that

“using something I was not familiar with before would be difficult for me, spending that
precious time learning to use it can be a waste of precious teaching time, it may end up being

too difficult to use”.

The sense of novelty and lack of experience with ‘new technologies’ also appears to affect
the perception of usefulness. Teachers who feel digital games will be easy to use appear more
likely to be positive in identifying its usefulness and vice versa (Teo and Ursavas, 2012). One

teacher commented,

“because of lack of experience, if the tool is too hard to use, it may be difficult to identify the

usefulness and use it appropriately.”

Hence perceived ease of use has a direct association with perceived usefulness. This is also
consistent with previous research results that suggest that greater experience with technology
is a strong predictor of intention to use more technology, and creates a more positive
disposition towards trying new technologies out (Tondeur et al. 2008; Potosky and Bobko,
2001)

The hypotheses for this variable are:

H2  Perceived ease of use will be positively associated with teachers’ behavioral intention
to use digital educational games to teach mathematics in the classroom.

H3  Perceived ease of use will be positively associated with perceived usefulness of

digital educational games to teach mathematics in the classroom.
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Self-Adequacy/Efficacy: Bandura (1977) defines this as the teacher’s belief in their ability to
use digital games for learning and teaching. This is a self-reported assessment of the teacher’s
competency and efficacy in using digital educational games in the classroom. This variable
has appeared in several studies that looked at the ‘intention to use information technology’
(Cheung and Vogel, 2013; Mun and Hwang, 2003). It was also reinforced by several of the
responses from the interviews. Consider the cases of Teachers A and B who both

acknowledge they are not familiar with the use of technology. Teacher A maintains that

“I will be willing to try it out as I believe with training and practice, I can get used to using

games to teach”

while Teacher B maintains that

“I do not think it is something I can use, I use less technology as much as I can, I just don’t

getit”.

These contrasting responses suggest that self-concept and belief in one’s ability is a major
determinant of the intention to use digital educational games in the classroom. This aligns
with Cheung and Vogel’s findings that “self-efficacy is not concerned with the skill one has,
but with the judgment of what one can do with whatever skills one possesses” (Cheung and
Vogel, 2013)

The hypotheses for this variable are as follows:

H4  Teachers’ self-efficacy will be positively associated with their behavioral intention to
use educational games in the classroom.

HS  Teachers’ self-efficacy will be positively associated with their perceived ease of use.

Syllabus-connectedness: this is the connection between the game and the syllabus and how
the game can help a teacher meet their curriculum goals. It describes the suitability of digital
educational games to delivering syllabus-related content. In formal education settings
especially, where there is predefined content teachers are supposed to teach, teachers want to
ensure that there is educational value in whatever tools or methods they are using to teach

(Wong, 2015; Ketelhut and Schifter, 2011). This variable arose from a combination of the

96



interview analyses and evidence from the literature that the adoption of games is also
determined by the potential to embed learning materials in the game (Bael, 2008; Becker,
2007). Teacher D while responding to the question about the perceived usefulness of digital

educational games in the classroom said

“the play method has been used before, and has been largely successful;, games can enhance
the learning experience and make the classroom interesting, but in terms of learning real

syllabus content, I am not sure how that would work’.

Becker (2007) observes that because digital games are not traditionally designed to fit the
‘content-and time-related’ boundaries that learning content typically has, teachers can find
the adoption complicated. On the other hand, if a teacher considers digital games to have the
potential to teach the kind of things they want to teach, the perceived usefulness increases.
This provides a direct relationship between syllabus-connectedness and perceived usefulness.

The hypotheses for this variable are as follows:

H6  Syllabus-connectedness will be positively associated with teachers’ behavioral
intention to use digital educational games to teach mathematics in the classroom.
H7  Syllabus-connectedness will be positively associated with perceived usefulness of

digital educational games to teach mathematics in the classroom.

Enabling environment: this variable measures the teachers’ perceptions of the environmental
factors and conditions that make using digital games to teach in the classroom an easy act to
accomplish. This includes the infrastructure that is available such as the power, internet
access, hardware devices, time and human and technical support. It has its origins from the
Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh et al., 2003).
This variable has been widely used and appeared in various literatures as facilitating
conditions (Sanchez-Prieto et al. 2016; Becker, 2007). In this study, ‘environment’ appeared
more often than ‘conditions’ so the variable was modified to become ‘enabling environment’.
For example, in response to the question about other determinants to use or not to use digital

games in teaching in the classroom, Teacher B mentioned

“the general environment including power (electricity) and cost, devices and internet access”

going further to state that “these things are lacking in our communities”.
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Teacher G also maintained that

“introducing games to teachers without the right amount of preparation and awareness can
be counterproductive, and in this environment we are in, it can be hard to find support to

help one train”.

These responses suggest that teachers’ perception of the peculiarities and realities of their
work environment impacts on their intention to use digital games to teach, as well as the
perceived ease of use. Teachers feel that without adequate training and continued support, it
will be difficult to successfully use digital games to teach in the classroom. This is consistent
with other findings. Teo (2012) found that facilitating conditions has a significant effect on
perceived ease of use. The following hypotheses are proposed to examine the effect of
enabling environment:

H8  Enabling environment will be positively associated with teachers’ behavioral

intention to use digital educational games to teach mathematics in the classroom.

H9 Enabling environment will be positively associated with perceived ease of use of digital

educational games to teach mathematics in the classroom.

Experience with technology and technology-enhanced teaching: the teacher’s experience of
using technology to support teaching and learning as well as using technology generally in
the wider sense. There are conflicting views from the literature on whether experience or
familiarity with a particular technology is a major determinant of the intention to use that
technology. Thompson et al. (1991) found that prior experience can influence in three main
ways: directly, indirectly through attitude and beliefs, and thirdly through moderating the
effect between other variables in the model and the intention to use the technology
(Thompson et al. 1991). The results from this study supports claims that lack of specific
experience can be potentially problematic and can create a divide between teachers and

students. Teacher H who did not play digital games expressed the view that

“games are not what I want to use in my classroom’.

Other teachers who were also not familiar with digital games backed this up:
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“I do not think it is something I can use”.

Thompson et al. found this variable directly affects the behavioral intention to use digital
games in the classroom directly and indirectly by affecting self-efficacy, and also perceived
ease of use (Thompson, 1991). The following hypotheses are proposed to examine these

effects:

H10 Experience with technology and technology-enhanced teaching will be positively
associated with teachers’ behavioral intention to use digital educational games to teach
mathematics in the classroom.

H11  Experience with technology and technology-enhanced teaching will be positively
associated with perceived ease of use of digital educational games to teach mathematics in
the classroom.

H12 Experience with technology and technology-enhanced teaching will be positively

associated with self-efficacy.

Subjective norm: This describes the external and social pressures a teacher is under to behave
in a particular way or carry out a task. It describes what the key individuals (e.g. colleagues,
government, parents) think about using educational games in the classroom where those key
individuals are those whose opinions matter to the teacher. This variable originated from the
TRA. Although it was not incorporated from the TRA into the original TAM, it has been
used and proved useful in various research studies particularly in education to examine the
pressure teachers are under to adopt technologies in their teaching practice(Wong, 2015;
Sanchez-Prieto et al. 2016, Calisir et al. 2014). Hu et al. (2003) maintain that it is highly
likely for teachers to turn to their colleagues for advice and suggestions when presented with
new technologies. The data here shows that a key area where teachers feel pressure is from

their senior management. According to Teacher B
“if the management wants it, or maybe it is used in another school and a member of the

PTA(Parents’ Teachers’ Association) committee sees it, they may ask the school management

to get something like that” .
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Sun and Zhang (2006) suggest that subjective norm can affect the behavioural intention in
two ways: directly by teachers wanting to comply with the demands placed on them by
others; or indirectly by its influence on their beliefs. The indirect effect is from teachers
believing that it must be useful if others are using it. This construct however has shown
varying results in research with some attesting to its impact (Teo and Ursavas, 2012) while
others are yet to prove that it influences behavioural intention (Kennedy-Clark, 2011)

The hypotheses for this subjective norm are as follows:

H13 Subjective norm will be positively associated with teachers’ behavioral intention to
use digital educational games to teach mathematics in the classroom.
H14 Subjective norm will be positively associated with perceived usefulness of digital

educational games to teach mathematics in the classroom.

Engagement and Learning opportunities: The origin and widest use of the technology
acceptance model is in business and commercial research where objectives are largely
different from education objectives (Hu et al, 2003; Teo et al., 2008). This suggests that there
is a possibility that the original TAM variables (perceived usefulness and perceived ease of
use) amongst others may not necessarily portray the same definitions in the context of
education. Bourgonjon et al. (2013) argued that job performance defines perceived usefulness
in the original TAM instead of the process of teaching. It was therefore important to include a
variable that examines if teachers perceive digital educational games as potentially useful in
terms of educational values and increased classroom engagement. The variable draws from
what the teachers under study mentioned to be some of the perceived usefulness of digital

educational games.

Therefore two hypotheses were proposed for this variable:

H15 Engagement and learning opportunities will be positively associated with teachers’
behavioral intention to use digital educational games to teach mathematics in the classroom.
H16 Engagement and learning opportunities will be positively associated with perceived

usefulness of digital educational games to teach mathematics in the classroom.

The variables and the resulting questionnaire were subject to face validity by a team of

independent teachers in the United Kingdom. The experts are former teachers who have all
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used technology-enhanced teaching in their classrooms. The rationale for this kind of
validation was to confirm if the variables were well constructed to prevent ambiguity and
ensure that the items under each variable provide sufficient measurement for it. The experts
commented that the number of items under each variable should be reduced as some of them
were examining the same things. They also re-worded the questionnaires to improve clarity

and relevance.

The modified TAM constructs are presented in the modified TAM is given in Figure 5.1.
This modified TAM has been deployed to provide guidelines toward the introduction of
digital games to support the teaching of mathematics in a group of schools in Nigeria. The
results have provided a strong indication of the key issues and barriers that needed to be
addressed to support teachers and ensure they are ready to embrace the introduction of digital

games in the classroom.

Subjective
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Perceived
Usefulness

Engagement

and Learning A
Opportunities \r
\\b Behavioural
/ Intention
Experience / /
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Self-Efficacy

Enabling
Environment

Figure 5.1 Extended (Modified) TAM

5.4 Instruments, Participants and Data collection
Following the development of the modified TAM from the identified constructs, a

questionnaire was developed to test out the TAM on a wider audience. The first part of the

questionnaire contains measures for the constructs in the model. The second part examined
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constructs related to the career of the teachers under study and the third part collects
demographic information about the teachers. For the extended TAM, just as in similar
studies, the researcher adapted and modified scales from previous research just to exploit
well-validated psychometric measures (Straub, 1989). Items that measured teacher-related
constructs e.g. teaching experience were modified and included from Bourngonjon et al.
(2010). The scale items were measured on a five-point Likert scale ( 1 strongly disagree — 5

strongly agree).

A pilot study tested the instrument with twenty teachers in three of the partner schools. In
addition to this, suggestions and recommendations were taken from four teachers and 5
university academics in order to remove any ambiguity in the questionnaire. Minor changes
to the language of the items on the questionnaire were made based on the comments of the
experts and the test sample. In order to ensure the validity of this study and considering the
exploratory nature of this research, the researcher used a convenient sample of teachers who
currently teach across schools in Ado-Ekiti, Nigeria. A range of school types were used —
public and private funded, primary and secondary. Initial contact was made with the
headteacher of each school to explain the purpose of the study and how teachers would be
required to participate. Pamphlets detailing information about the research were given to the
teachers one week before the data collection exercise and questionnaires were only given to
teachers who showed willingness to participate in the research. Paper samples as well as link
to the online version of the questionnaire were provided to the teachers. Of the 220 teachers
contacted, only 212 returned the completed questionnaire. 17 of these were discarded, as they
were not completely filled thus presenting an 87% response rate. This left the researcher with

195 valid questionnaires. Table 5.1 contains the breakdown of the sample for this study.
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Characteristics N % significant,
difference (agree)

Gender

Male 101 52 Chi-square =

Female 94 48 9.553; p =0.004
Male= 58%;
Female = 42%

Age (years)

21-30 23 12 Chi-square =

31-40 72 37 28.49; p = 0.001

41-50 89 45 21-30 = 83%,; 31-

51-60 11 6 40 =58%

bver 60 0 0 41-50 = 39%, 51-
60=18%

Teaching

experience

(vears)

1-10 99 51 Chi-square =

11-20 83 42 19.158; p = 0.005

21-30 13 7 1-10 = 63%; 11-20

Over 30 0 0 =40%
21-30=23%

*Technology

rafisi

High 70 36 Chi-square =

Medium 50 26 138.727;p=0.001

Low 75 38 Low = 7%;
Medium = 34%
High = 95%

Table 5.1 Breakdown of Sample
*(Very good, good = High; Moderate = Medium; Poor, No ability = Low)

5.5 Analysis and Results

SPSS version 24 was used for the analysis of this data. The data was coded for easy analysis
and inputted into the statistical package for analysis. Results of the analysis starting with

reliability tests on the entire dataset are presented below.

a) Instrument Reliability: Cronbach’s Alpha
To begin the analysis the researcher assessed the reliability of the nine scales used in the
survey. Cronbach’s alpha is an index of reliability, commonly used to evaluate if an
instrument will produce consistent and reliable data each time it is used, even in cases when

the items on it are replaced with similar items. To ensure the validity of the research
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instrument, the researcher used a combination of exploratory factor analysis and reliability
analysis using Cronbach’s alpha. For the exploratory factor analysis, the researcher checked
that all assumptions needed to carry out the analysis were met: the study sample size is
adequate (at least 150 for results to be valid), the multiple constructs are ordinal in nature,
there is a linear relationship between all variables (checked by scatterplots of the variables),
and there are no outliers in the data (checked by the standard deviation scores). The Kaiser-
Mayer-Olkin (KMO) measure of sphericity supposes the recommended threshold of 0.60
(KMO = 0.953) while the Bartlett’s test of sphericity is significant at p < 0.001. A one-factor

solution explains 67% of the variance amongst the items on the scale.

For the reliability, alpha coefficient ranges from 0 to 1, the closer the number is to 1, the
more reliable the scale is. The internal consistency is the strength with which each of the
questions in the questionnaire is related to one another and it should be at least 0.70 to be
considered acceptable (Streiner and Norman, 2008) The Cronbach’s alpha coefficients
demonstrated a high level of internal consistency among the scale items with values well

higher than the acceptable value as shown in table 5.2:

Construct Cronbach’s alpha
(a)

Perceived usefulness 0.923
Perceived ease of use 0.924
Syllabus connectedness 0.922
Enabling environment 0.930
Experience with technology 0.930
Self-Adequacy 0.930
Engagement and learning 0.926
opportunities

Subjective norm 0.936
Behavioral intention 0.919

Table 5.2 Cronbachs alpha for Extended TAM  Constructs

The researcher concluded based on these findings that the instrument is reliable and was able

to be used to measure the intended constructs of the extended TAM.
b) Descriptive Statistics

Descriptive statistics and frequency distributions were calculated for each of the construct

items in the questionnaire. The results are presented in table 5.3 below:
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Construct Mean Std. Deviation
Perceived usefulness 3.21 1.415
Perceived ease of 2.75 1.026
use

Syllabus 2.86 1.008
connectedness

Enabling 2.44 1.055
environment

Experience with 2.64 0.949
technology

Self-Adequacy 2.82 0.910
Engagement and 3.47 1.194
learning

opportunities

Subjective norm 291 0.744
Behavioral intention 3.05 1.399

Table 5.3 Descriptive statistics for Extended TAM Constructs

¢) Correlation Analysis
Correlation analysis was carried out between pairs of variables to see if they co-vary thereby
testing the validity of the hypotheses. This method is a widely used method for evaluating the
correlation between pairs of variables. It is worthy of note that the bivariate analysis using
Pearson’s r does not present anything more than a confirmation of a relationship between two
variables, for example variable A and variable B. The knowledge of the understanding
suggests that if the value of A increases, then the value of B increases and vice versa
(Bryman and Bell, 2015). The results of the correlation analysis are presented in Table 5.4

below:

In order to understand the relationship further, the researcher carried out regression analysis
by establishing if there is a causal effect of the independent variable on the dependent

variable.

d) Regression Analysis
To understand the interrelationship between the different variables and explain the variance
in behavioural intention to use digital games in the classroom, regression statistical analysis
was carried out on the extended TAM. As stated earlier, in order to ascertain a relationship
between a dependent variable and an independent variable, an equation called a regression

equation can be used. According to Bryman and Bell (2015), regression means that the

105



average value of the dependent variable can be explained as a function of the independent

variable. There are two types of regression analysis: simple and multiple.

PU PEOU SC EE ET SA EL SN Bl

PU Perceived 1

usefulness

PEOU Perceived ease| 0.714* |1

of use *

SC Syllabus 0.732* [ 0.729* | 1
connectedness | * *

EE Enabling 0.576* | 0.629* | 0.653* 1

environment

ET Experience with [ 0.621* | 0.618* | 0.594* 0.540* | 1
technology
SA Self-adequacy 0.710* | 0.642* | 0.731* 0.566* | 0.569* 1
*
EL Engagement 0.680* | 0.654* | 0.688** | 0.548* | 0.535* 0.666* 1
and learning | *

opportunity

SN Subjective 0.507* | 0.451* | 0.492* 0.456* | 0.386° 0.471* 0.493* | 1
norm

Bl Behavioural 0.810* | 0.735* | 0.773** | 0.645* | 0.651** | 0.724** | 0.739* | 0.529* | 1
intention to| * * *

use

Table 5.4 Pearson Product-Moment Correlations. (Key: *Moderate, **Strong)

Simple linear regression is focused on examining the impact one independent variable on a
dependent variable. Multiple linear regression examines how much multiple variables affect
the dependent variable. Given that this study examines the relationship between nine
variables, multiple linear regression is appropriate. Looking at the model, the researcher
carried out multiple linear regressions on the hypothesised paths (H1 — H16) in the

conceptual model.

Results of the multiple linear regression are presented in table 5.5. The F-ratio in
the ANOVA table (table 5.6) tests whether the overall regression model is a good fit for the
data. The table shows that the independent variables statistically significantly predict the
dependent variable, F(8, 186) = 33.694, p < .0005 (i.e., the regression model is a good fit of
the data).
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Hypothesis | Independent | Dependent | B t-value | p R? Hypothesis
Variable Variable Supported?

H1 PU BI 0.81 19.177 | 0.001 | 0.656 YES

H2 PEOU Bl 0.735 15.037 | 0.001 | 0.540 YES

H3 PEOU PU 0.714 | 14.171 | 0.001 | 0.510 | YES

H4 SA BI 0.724 | 14.58 0.001 | 0.524 | YES

H5 SA PEOU 0.642 11.647 | 0.001 | 0.413 YES

H6 SC BI 0.773 16.906 | 0.001 | 0.597 YES

H7 SC PU 0.732 | 14.937 | 0.001 | 0.536 | YES

H8 EE BI 0.645 | 11.714 | 0.001 | 0.416 | YES

H9 EE PEOU 0.629 | 11.248 | 0.001 | 0.396 | YES

H10 ET BI 0.651 11.901 | 0.001 | 0.423 YES

H11 ET PEOU 0.618 | 10.919 | 0.001 | 0.382 | YES

H12 ET SA 0.569 | 9.619 0.001 | 0.324 | YES

H13 SN BI 0.529 | 8.662 0.065 | 0.280 | NO

H14 SN PU 0.507 | 8.168 0.096 | 0.257 | NO

H15 ELO BI 0.739 15.23 0.001 | 0.546 YES

H16 ELO PU 0.68 12.886 | 0.001 | 0.462 | YES

Table 5.5 multiple regression analysis table

ANOVA
Sum of
Model Squares df, Mean Square F Sig.
1 Regression 269.553 8 33.694 69.306 .000°
Residual 90.426 186 486
Total 359.979 194

a. Dependent Variable: Bl

b. Predictors: (Constant), SN, PEU, SA, ET, EE, EL, PU, SC
Table 5.6 Angya Table for the overall regression model

The paths of the model were examined by checking the hypotheses formulated earlier in the
chapter. 14 out of the 16 hypotheses were confirmed, with different levels of strength and
variances as depicted by the values of R*. However, as the researcher was keen to understand
the factors of the model that have the biggest effects on the behavioural intention of the
teachers directly or indirectly under study to accept digital educational games, the focus was
on the higher values for R* — called the co-efficient of determination. This co-efficient depicts
the proportion of variance in the dependent variable that can be explained by the independent

variable.
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Unsurprisingly, perceived usefulness (B = 0.810, R* = 0.656) comes out as the biggest
predictor of teachers’ behavioural intention to use digital games to teach in the classroom
supporting H1. It also explains 66% of the variance in behavioural intention to use digital
educational games. Syllabus connectedness, perceived ease of use and engagement and
learning opportunities are all positively associated with perceived usefulness supporting
hypotheses H3, H7, and H16. However, syllabus connectedness (B = 0.732, R*= 0.536) is the
strongest predictor of perceived usefulness, and it explains 54% of the variance in perceived
usefulness. Results show that subjective norm is not positively related to perceived usefulness
(B = 0.507, R*= 0.257) and the variance explained shows that it explains only 25% of the
variance in perceived usefulness. In the same vein, subjective norm is not positively related
to behavioural intention to use (B = 0.529, R*= 0.280) and as a result only 28% of the
variance in behavioural intention can be explained by subjective norm. These results about
subjective norm therefore made the researcher reject hypotheses H13 and H14. Perceived
ease of use (B = 0.735, R* = 0.540) too is a strong predictor of behavioural intention to use,
thus supporting H2. Furthermore, it explains 54% of the variance found in behavioural
intention to use. Constructs self-adequacy, enabling environment and experience with
technology are all positively related to perceived ease of use confirming hypotheses H5, H9
and H11. Results however show that self-adequacy is the strongest predictor (B = 0.642, R2 =
0.413) of perceived ease of use. Self-adequacy explains 41% of the variance found in
perceived ease of use. In all, results shows perceived usefulness as the main predictor of
behavioural intention to use and subjective norm as the only construct that does not predict
behavioural intention to use. Table 5.5 shows all the t, p and R* values as well as the

hypotheses supported or not supported.

5.6 Discussions

Table 5.3 and Table 5.1 shows more details about the descriptive statistics and breakdown of
the population used for this research. The descriptive statistics show that teachers in the
population are fairly mixed in their technology proficiency (m=3.07, sd = 1.043). 36%
consider themselves highly proficient in the use of technology while 38% consider
themselves very low. The technology proficiency significantly affects the intention to use
digital games in the classroom. Results show that 95% of teachers who consider themselves
highly proficient in the use of technology is positively disposed to use digital games in the

classroom.
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This is similar to earlier findings about self-efficacy and confidence (Koehle et al., 2007; Lee
and Lee, 2014; Hamari and Nousianen, 2015). It is interesting to note that only 34% of
teachers that consider themselves moderately proficient in technology are positively disposed
to using digital games in the classroom. This indicates that teachers need to be confident in
their ability to properly use technology before they would consider using digital games to

teach in the classroom.

Teachers’ age group also significantly affects teachers’ intention to use digital games in the
classroom. Results show that older teachers are less likely to want to use educational games
in the classroom. While 83% of teachers between 21 and 30 years old are positively disposed
to using games to teach, only 18% of teachers aged over 50 responded positively. This agrees
with studies that suggest that younger and older teachers may have different attitudes towards
and confident levels of technology use (Venkatesh et al, 2003). This may also be further
explained by the little exposure older teachers may have had to computer training and use. It
is strongly possible that many of the teachers aged 40 and above have little or no experience

with technology.

These findings are consistent with the influence of teaching experience has on intention to
use digital games in the classroom. 63% of teachers with 1-10 years of experience are
positive about using digital education games in the classroom. On the other hand, only 23%
of the teachers with over 20 years of teaching experience agree that they would use digital
games in the classroom. A possible explanation is that in Nigeria, phone, computers and other
digital technology tools became popular just close to two decades ago and at such many
teachers trained before then would not have been trained to use or work with these devices. It

is therefore a possibility that these results mirror the peculiarities of the study population.

However, the findings of this research is in contrast to the findings of Blackwell et al (2014)
that suggest that teaching experience has a negative direct effect on technology use. Although
they originally hypothesised teaching experience to have a negative effect on intention to use
technology, they found out that it had a positive effect. They explained that while teachers
with more experience were likely trained in more traditional ways and at such shouldn’t be

very familiar with technology, the teaching experience may be beneficial to them in that they
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have some fundamental knowledge of education and how technology can be incorporated

nto it.

Findings also show that gender is a factor that significantly differentiates the population in
this study. Male teachers are 16% more likely to use digital games in the classroom than
female teachers. This agrees with Venkatesh (2003) submission that intention to use
technology is moderated by gender. The differences in inclination can be explained by the
confidence in the use of technology. While male teachers may not necessarily be more
experienced or skilled in the use of technology in the classroom, it is likely that they are more
confident in their ability to learn and get familiar with it than females are. As several studies
suggest (Dhindsa and Shahrizal-Emran, 2011; Li and Kirkup, 2007; Yau and Cheng, 2012)
the opinion that females think technology is generally more for me and the gender

stereotypical views can also make females doubt their ability to use digital games to teach.

In terms of constructs, results are generally neutral with most of the means around 3 (on a
scale of 1 to 5). This is with the exception of ‘enabling environment’ (m = 2.44) and
“experience with technology” (m = 2.64) that had mainly negative responses. Other
constructs with negative means are self-adequacy (2.82), subjective norm (2.91), perceived
ease of use (2.75) and syllabus-connectedness (2.86). Results are somewhat complex in terms
of perceived usefulness and ease of use. On one hand, the teachers in the sample tend to
believe that digital games would be useful in the classroom (m= 3.21, sd = 1.415) but
disagree that it would be easy to use (m= 2.75, sd = 1.026). This agrees with the results of
another construct — engagement and learning opportunities (m= 3.47, sd = 1.194), which is
the most positive of all the constructs. This suggests that teachers somewhat agree that using
digital games in the classroom will be beneficial especially in engaging pupils but doubt if
they have the skills to use it in teaching syllabus contents (m= 2.86, sd = 1.008). Thus us
similar to previous findings that suggest that usefulness in providing learning opportunities is
not a major concern for the teachers (Kennedy-Clark, 2011) but are also not convinced that it
can improve their own job performance e.g. in teaching syllabus contents (Bourgonjon et al,

2013).

The Pearson Product-Moment Correlation test was carried out to measure the strength of the
linear association between each construct and the others on the extended TAM. This draws a

line of best fit through the respondents’ data of the pairwise constructs being tested. The
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Pearson correlation coefficient denoted by r(-1, negative association to +1, positive
association with 0 denoting no association) then shows how far away the data points are from
the line of best fit. This test treats all constructs as the same and does not take into any
consideration independent or dependent variable. It is important to note that the association
presented by the correlation coefficient r does not equate to a cause-and-effect relationship
between the constructs but only describes the strength and direction of the relationship.
According to Prion and Haerling (2014) the ‘rule of thumb’ for interpreting the coefficient r
results are: 0 to +0.20 is negligible, +0.21 to +£0.35 is weak, £0.36 to £0.67 is moderate, +0.68
to 0.90 is strong, and +0.91 to +1.00 is considered very strong. The very strong values are

considered very rare in social science research (Shavelson, 1988).

Table 5.4 shows the result of the pairwise correlations. Expectedly, each of the constructs
correlated perfectly with themselves at r = 1. Other coefficient values ranged from 0.810
(highest) to 0.386 (lowest). There is no negative association amongst all the constructs, and
all the associations were significant at the p <0.05 level. Following Prion and Haerling’s
(2014) rule of thumb, the strengths of the relationships are either moderate or strong. There is
a strong relationship between perceived ease of use and perceived usefulness. This is
consistent to findings in previous similar studies (Elkaseh et al, 2016; Calisir et al, 2014; Teo

et al, 2016).

Expectedly, syllabus connectedness also has a strong positive relationship with perceived
usefulness. Interesting, all the constructs except subjective norm, enabling environment and
experience with technology have positive strong relationships with behavioural intention to
use. Results also show that only the three constructs (subjective norm, enabling environment
and experience with technology) do not have a single strong relationship with other

constructs with subjective norm visibly holding the weakest relationships with the others.

5.7 Implications for practice
The results and findings presents recommendations for policy makers, school leaders as well

as developers of digital educational games. These practical insights are also very useful in
guiding deployment activities especially in places where such technological interventions
have not been used before. It is interesting to note that ease of use is not as important to the
behavioural intention to use digital games as much as perceived usefulness. This is in contrast

to many similar studies (Huage, 2016; Wwang et al, 2017). The explanation in the literature
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that perceived ease of use has a greater influence on users’ intention to use a technology
when they had little experience of it, and that perceived usefulness has more when the
population had more experience (Lin, 2011) is challenged here as the population of teachers

studied here has had no experience with using technology in the classroom.

This finding suggests that a greater awareness about the usefulness of digital educational
game is of more importance to teachers. Teachers need to be conscious of how games can be
used to improve their professional duties as it does not matter how complex or easy it is if it
does not make their work more effective and efficient. However, it is also important to
evaluate and understand how easily these teachers are able to integrate digital games in their
teaching practices (Manches and Plowman, 2017). For the population of teachers studied who
are new to technologies in the classroom, the advantages and possibilities digital games offer

may not be immediately obvious.

This means that any attempt to introduce digital games in the classroom should be preceded
with more than a briefing session for the teachers. It will be necessary to expose them to
workshops and trainings focused on raising their awareness of the uses of games in the
classroom. Examples of successful implementation of game-based learning and its impact on
teachers’ productivity and pupil’s performance could go a long way in making them aware of

the usefulness and ultimately preparing them to adopt it in their own classrooms.

However, findings about technology proficiency, self-efficacy and experience with
technology also suggest that training should not just be focused on the use of digital games in
education. Teachers want to be confident in their own ability to use whatever tool they are
bringing into the classroom. Findings suggest that they are more comfortable with using
technology in everyday life and those that consider themselves highly technologically

proficient are more positively disposed to using digital games to teach in the classroom.

This is consistent with recommendations from Baturay et al (2017) and Hsia et al (2014).
Training should therefore be holistic, starting from computer appreciation, and general tools
like Microsoft Office Suite applications like Microsoft excel to improve classroom
administration and then gradual introduction of more complex tools such as games.
Improving teachers’ self-efficacy and experience with technology can significantly increase

their readiness to accept and use digital games in the classroom.
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Another factor that strongly predicts perceived usefulness is syllabus connectedness. This
suggests that in order for teachers to see digital games as useful, they should be able to see
how the syllabus content can be taught with it. It is not enough for the teachers to know
games could improve engagement and create more fun in the classroom. They believe that
completing their syllabus is their primary duty and so if they are adopting games, the games
must be useful in delivering their lessons and getting pedagogical outcomes. One way of
achieving this is by involving teachers in developing game stories. Game development
processes could easily be isolated and by thus out of important considerations that teachers
my have. Bourgonjon et al, (2013) maintain that just promoting digital games as a new
popular teaching method would not be as effective as allowing teachers to take an active role
in the process. Teachers can specifically suggest what parts of the curriculum developers
should focus on when designing digital games. Being part of that process in itself can

potentially improve their intention to use digital games in the classroom.

Interestingly, the findings of this research downplay the importance of social pressure on the
teachers’ intention to use digital games in the classroom. The study suggests that teachers’
intention to use digital games in the classroom would be greatly influenced by their own
opinions rather than that of others. This is in contrast to the findings of Bourgonjon et al,
(2013) and Barab et al (2009). This suggests that in the decision making process of the
teachers, they do not significantly consider what other teachers, parents and pupils think
about the subject matter. This may be due to the fact that teachers consider themselves
experts in this matter and that the parents/guardians of their pupils are not well informed
about teaching methods or classroom activities as much as they are and so are not in a
position to put them under any form of pressure. This is more noticeable in Nigeria as a result
of the literacy levels of many parents and guardians. Further findings suggest that subjective
norm is mediated by technology proficiency. Subjective norm exerted more influence on the
intention of teachers’ towards using digital games in the classroom when they have low

technology proficiency.

Our findings also suggest that teachers’ demographics and characteristics mediate their
intention to use digital games in the classroom. Interestingly, younger teachers are more
likely to readily accept to use games in teaching than older teachers. Earlier the researcher

suggested that is most likely due to the increased exposure the younger generation have to
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technology compared to older teachers. Again, this is a confidence issue that can be handled
by strategic training and support. Before the introduction of games for teaching to the
teachers, it is important to assess them with respect to their technology proficiency. This need
not be specifically about games as it is noted earlier that general technology proficiency
strongly predicts intention to use digital games. It is therefore necessary to provide varying

levels of support and training as address the specific needs of the teachers.

Gender mediates perceived ease of use, technology proficiency, as well as self-efficacy, as
males are generally more positive than females. As suggested earlier and from the literature,
this is not mainly due to actual skills gap between the genders but due to a difference in
identity and a belief that males are generally better with technology that females. Given that
self-efficacy and perceived ease of use significantly impacts on behavioural intention to use
technology in the classroom, it is important to address this during any practical deployment
of digital educational games in the classroom. One way this may be done is to project images
of females using games in the classroom or generally working with technology in day-to-day
work. Training materials like slides, pictures and narratives should be gender-balanced. In

addition and as much as possible, training personnel should be balanced as well.

Finally, the introduction of digital games in the classroom needs to take a holistic approach
that incorporates awareness and exposition on the advantages and possibilities it offers to

teachers, training as well as continuous technical and usage support.

5.8 Conclusions

This chapter presented the second background study of this research project. This study was
conducted with teachers who have had no experience with using digital educational games in
their teaching practice. The aim was to gain an insight into their needs and requirements as
well as to provide an understanding of where the focus for supporting the implementation of

digital educational games in their classrooms should be.

The study further strengthened the belief that strong relationships exist between the original
TAM constructs. Building on previous work, the researcher extended the original TAM with
TRA, and other variables like syllabus-connected, experience with technology, self-efficacy

and enabling environment. While previous studies have ascertained the value and impact of
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the subjective norm on people’s behavioural intention and use of technologies, this study
found out that subject norms do not affect teachers’ in Nigeria behavioural intention to use
digital educational games in the classroom. It also presents varying levels of effect of the
factors in the extended TAM on the behavioural intention to use digital educational games in

the classroom.

The insight generated from this background study will be used in guiding the design,

development and implementation of digital educational games in classrooms in Nigeria.

6 Chapter Six:  Design and Implementation SpeedyRocket

6.1 Introduction

One of the aims of this research is to create a prototype digital educational game to support
the teaching of mathematics among young children. This chapter presents the development
process of the game: SpeedyRocket. The game is built on the findings from the literature
about the motivations and preferences for digital games, mathematics curriculum in Nigeria,
the engagement framework described in Chapter 4, and the findings from the extended TAM
study carried out with teachers and presented in Chapter 5. Firstly the rationale behind
developing a game rather than using a ready made one is discussed. This is followed by a
discussion around game genres and their suitability for learning. The next section presents the
choice of game, the design requirements for it and the subsequent development process. The
chapter ends by outlining the implementation procedure and associated processes for using

SpeedyRocket in the classroom environment.

6.2 Rationale for Developing the Digital Educational Game

One of the key arguments of this research study is the need to ensure that digital educational
games are designed and developed to have the same engagement factors as digital
entertainment games. Also as the game was going to be used in Nigeria where there was
limited Internet access, the game needed to be able to be played as a stand-alone programme
on a tablet, and be low cost or preferably free of charge. Having investigated the current

range of ‘free’ or ‘low cost’ games, the researcher concluded that none met the main
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engagement factors and thus the researcher decided to build an educational game from
scratch rather than use an existing one. This also had the advantage that the researcher had
control over the number and quality of engagement factors that could be designed into the
game from the outset. The researcher could also ensure that the game would be freely

available and would work on a stand-alone tablet.

A further justification for this approach is based on the findings from the background work
with the teachers using the Technology Acceptance Model in Chapter 5. This highlighted a
number of additional constraints on using games in the classroom. The researcher was keen
to ensure that the educational game considered the concerns of the teachers about time
constraints, technology efficacy and the availability of resources. The teachers have
previously mentioned that given the mathematics period (period is the allocated time on the
class day time-table for a particular subject) is thirty minutes, a game should be playable in
around ten minutes to ensure it could be fitted into this period and still allow time for other

mathematical activities.

Also it was important to consider the expertise of teachers and the learning curve required of
them by the game. It was clear that specific and simple instructions would be required to use
the game in the classroom. All these factors may not have been considered in the design and

development of an on-shelf digital educational game.

Having decided to build a game, the researcher had to consider the design constraints in
terms of development time and expertise. It was decided that a fully developed game would
take too much time to develop and a working prototype could be designed and developed that
could still be used to test out the main theories from this research and would be an effective
tool for use in the classroom. The next section considers the game genres that can be

appropriate for learning and their corresponding educational values.

Game Genres and Learning

Unlike regular digital entertainment games that have entertainment as their ultimate aim,
effective digital educational games must be primarily based on learning theories. As
discussed earlier in chapter 2, there are a number of different learning theories that support

game-based learning, each with their own advantages and challenges. Some Therefore the
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game genre should be selected carefully for a digital educational game to ensure it supports

the learners and improves their educational experience.

In the literature, the concept of game genre has not fully evolved and is not well defined
(Clearwater, 2011) with many different types of categorisation, often insufficient to cover the
range of games available today. This is because there are some games that do not fit into any
of the major genres and some that can fall into more than one genre (Khenissi et al, 2016).
Several studies have previously examined game genres, with classifications ranging from
high level ones such as action, strategy and role-playing genres (Wiklund, 2006) to more
detailed categories such as adventure, action, fighting, puzzle, role-playing, simulation, sports
and strategy (Kirriemuir and McFarlane, 2004) and very elaborate classification such as the

40 categories presented in the work of Wolf (2001).

This research has adopted Kirriemuir and McFarlane (2004) categorisation of video games:
action, adventure, fighting, puzzle, role-playing, simulation, sports and strategy genres and
the definitions of the genres by Gros (2007). For the purpose of this study, the researcher
extracted relevant game genres from these categories that could potentially be useful for
game-based learning with a particular focus on three factors: the targeted age group, the aim
of using the game in the classroom, and the choice of mathematics as the subject of the game.
Using these factors, the following genres were excluded: fighting, sports, puzzle, strategy and
action as these genres have characteristics that present the least value in an educational
setting (Whitton, 2007) and/or are considered inappropriate for young people or require deep

thinking (Khenissi et al., 2016).

From the studies on game-based learning, quizzes, simulations and adventures were reported
the most (Connoly et al, 2012). Quizzes are regarded as one of the simplest form of games for
learning (Granic et al, 2014). They are usually presented as tests or questions that the players
have to answer in competition with the game or other gamers. Simulation games are
presented as representations of real world scenarios where the gamer is allowed to
experiment on actual events or actions that are either too expensive, dangerous or challenging

to do in real life. These are mostly used in health and military training scenarios.

Adventure games are usually set in virtual worlds that a player can explore and navigate and

gain skills and expertise while playing. Research has shown that adventure games in
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particular have characteristics that support constructivist-learning environment (Whitton,
2007) and enhance creativity (Loiseau et al, 2017; Malegiannaki and Daradoumis, 2017).
Also, adventure genre elements have been found to be components of other video game

genres like role-playing, simulation, platform and action (Scharkow et al., 2015)
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Genre

Definition

Action games

They are reaction-based games.
They are also referred to as platform

games.

Adventure games

The player solves a number of tests
in order to progress through a virtual

world.

Fighting games

These games involve fighting
against computer-controlled
characters or those controlled by

other players.

Role-playing games

Human  players assume  the
characteristics of some person or

creature.

Simulation games

The player has to succeed within
some simplified recreation of a place
or situation to achieve a particular

goal.

Sports games

These games are based on sports.

Strategy games

These are games that recreate a
historical or fictional situation to
allow a player to devise an
appropriate strategy to achieve a

goal.
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Table 6.1 Game Genres and Definitions: Adapted from Gros (2007)

Adventure games, sometimes referred to as narrative games (because of their story-like
nature) are built around a story and set of objectives for the player to achieve. Examples of
adventure games include the popular and most referenced first text adventure Colossal Cave
Adventure (Crowther, 1976), and other early ones like Grim Fandago (Schafer et al., 1996),
Broken sword (Broken Sword, 1996), and Monkey Island (Games, 1990), and more recent
examples like Technobabylon (Mundy, 2017) and Life is strange (Jones, 2017)
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Generally, in an adventure game, the player usually takes the role of a protagonist in the
game’s narrative (Adams, 2013) who explores the world, solves puzzles, and makes progress
in the virtual world by interacting with the objects in the story. These games are usually set in
some sort of virtual world that the player has to navigate and manipulate objects in. Many
adventure games involve a kind of treasure hunt while travelling in a virtual world,
overcoming obstacles and challenges, and searching for information (Garris et al, 2002). The
fun and mystery of the treasure hunt motivates the player to explore the world, especially if

the narrative is compelling and engaging.

However, not all adventure games have narratives. Some are closely related to the
experimentation model simulation games possess. An example of a game like this is the
Bamiyan valley game (Spaniol et al., 2008), which was aimed at creating awareness about
cultural heritage in Afghanistan and the vocational training of people in the use of specialised
tools such as Global Positioning System GPS cameras. These types of adventure games
particularly engender the ‘learning by doing” model. The combination of exploring a virtual
world set in the form of a story and to ‘learn by doing’ offers great potential for providing an
effective learning experience through an educational adventure game. The former provides
engagement and fun through the mystery in the virtual world while the latter offers a sort of
real hands-on, problem-solving skills to the player. An example of a game that combines this
approach into an adventure game is the Janus project (Mathieu et al, 2013). In the game,
players carry out different activities in order to create a virtual notice for an archaeological
site. The learning by doing approach encourages the development of problem solving skills

as well as knowledge construction.

The combination of the narrative characteristics as well as the quests provides a good
incentive or learning. This is because educational content can be embedded in the story and
quests and the players can pace themselves as they want due to the absence of any specific
time limits (Mehm et al., 2013). One other reason why the adventure genre is suitable for
educational settings is the cost implication of developing a game. The cost of developing a
game is usually high given the number of skill sets and people needed for the development
cycle. Unlike commercial and entertainment games, educational games do not usually have a
big budget allocation for design and development. Research has shown that unlike other

genres, the development costs for adventure games are lower than simulation or first person
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shooter games, and thus favour the small budget usually available to develop educational
games (Torrente et al., 2010). The story-like nature of adventure games also means that the
design could be created around a narrative that in itself contain some of the learning
outcomes intended for the audience. Taking all of these factors into account, the researcher

decided to create a simple adventure game for this study.

The next section presents the composition of the design requirements for the game.

6.3 Game Engagement Factors and SpeedyRocket’s Design

This section presents the design requirements for the game based on the findings from the
engagement framework presented in Chapter 4. For each of the engagement factors, a short
description is provided, and then followed by how it translates into a design requirement for

SpeedyRocket.

Challenge: As highlighted earlier, digital educational games must present levels of difficulty
either by allowing users to choose the level they are most comfortable to play on, or by
providing a form of progressive difficulty that intuitively changes the level of difficulty

presented to the player based on their progress or performance

SpeedyRocket was designed to present seven levels of difficulty to the players. Following the
recommendations of Denisova et al., (2017) the challenges were designed to particularly push
the problem solving capacities of the players. These were embedded in the seven different
planets players have to travel to. First, each new level/planet in SpeedyRocket presented more
challenging arithmetic calculations for the player. Secondly, more obstacles were presented

for their rockets to avoid as they journey to the destination.
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Figure 6.1 SpeedyRocket’s Campaign Menu

Some allowances for error was provided for the players with respect to calculations in the
game and a player’s rocket would still travel even if the calculations were wrong. However,
not providing enough fuel would mean the rocket would not make it to its destination, and
over-fuelling it would reduce the speed of the rocket which would also prevent it from getting
to its destination. In order to create a good balance for the skills and challenge in
SpeedyRocket, a player would first be presented with very minor obstacles at low speed, to
get them used to dodging the obstacles quite easily and understanding the game environment,
as they progress, more obstacles are presented at higher speeds to ensure the player does not

get bored of too easy game play.

Thematic and Visual Appeal: This factor falls under the initial engagement section of the
framework and as discussed earlier, it is not an absolute necessity for digital educational
games designed for use in the classroom. However, there are two elements of this factor that
should be thought about and built into digital educational games- the general look (visual
appeal) and feel of the game and the game’s story (thematic appeal). These are both needed

to provide an initial attraction to the player.

The first step the researcher took was to think about a story for about SpeedyRocket was the
story. As indicated in Chapter 4, engagement in games is sometimes due to players’ interests

and personal preferences. This was a challenging one, as the game could not have been built
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to accommodate every player’s preferences but needed to be designed to be broadly
appealing to this age range of children. Firstly, the researcher eliminated violent themes, and
story lines that depicted sexualised female characters. Then, a balanced theme drawn on the

back of a travelling story was created with the intention of appealing to both genders.

The researcher also spent some time thinking and reviewing the colours used in creating
elements in the game. Research has shown that young people prefer bright and lively colours
like yellow, blue and red as these are more interesting and stimulating (Rachel, 2017). The
game was therefore themed blue and yellow. Although the researcher wanted to incorporate
avatars into the game, the time constraints as well as the limitations of the design platform
did not allow this to be actually implemented. However, the “art and style” of the game was
modelled in a way to mimic actual space, using dark skies, asteroids and stars. Sound effects
that mirrored rocket travelling as well as collision sounds were added to provide the player

with an experience that was as real as possible given the available tools.

Social Interaction: This engagement factor is one of the means for sustaining initial
engagement in digital games. Digital educational games that would be engaging should offer
the possibility for players to interact in a community, share ideas and compete with one

another.

This factor was a challenging one for the researcher. From the onset, the peculiarities of the
research context posted some significant limitations of the features that could be built into
SpeedyRocket. One of those is the lack of Internet access. Social interaction is one feature
that is commonly built on network communications and the capability of the game to be
played online — which would be very unlikely in Nigeria. However, given the discussions
around social interactions in chapter 4, and how interactions do not have to be online to be
effective, the researcher decided to implement social interaction in how the game will be
rolled out in the classroom using an open classroom combined with paper exercises/physical

interaction between the children in the classroom

Rewards and Feedback: This is also another factor that is key to on-going engagement in
digital games. As stated earlier, it is important that game players are aware of their progress
or otherwise while playing. Notifications and tips as well as rewards are all essential parts of

a feedback system.
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In SpeedyRocket, as a player progresses in the game world, they earn coins on their way,
while also avoiding obstacles. A scoring system for this reward was implemented, and the
more coins the player earns, the more their score increases figure 6.2 giving them a sense of
accomplishment. This shows the amount of coins a player has earned, and what is left of it
after making purchases of fuel or other rockets. Tips and information about formulas, and

parameters were also embedded on the play area.

Also, feedback on the progress of the player as they played is provided. This includes when
the rocket is about to run out of fuel, or when the destination is being approached. There is
also a map on the screen that gives an indication of how far the rocket is from the destination.

All these were built in carefully to avoid disrupting the play.

Clarity of goal: This involves a description of what the game is about and what the player
needs to do to achieve success. With digital educational games in particular, it should provide
some information about the learning outcomes related to the work being done in the
traditional classroom. Clear instructions are also important to maintaining overall clarity.

They should not be cumbersome, confusing or contain other unnecessary information.
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Figure 6.2 SpeedyRocket’s feedback

With SpeedyRocket, an instruction tab was provided on the home screen. The goal of the
game was made short and precise: Navigate your rocket through space to reach its
destination using the arrow keys! It then goes further to provide more information on the
input to the rocket. This simple goal was used to ensure that players know it is a game and
not a ‘serious classroom activity’. However, more information was provided later that linked
the gameplay to the educational value the game offers. The teachers were consulted to go

over the instructions and comment on the choice of words and clarity to the pupils.

Creativity: This factor enables game players to be co-creators of the world they play in. In the
adventure genre of games, avatars are mostly used to engender creativity. However, it is not

only limited to that. Creativity can be presented in the form of allowing players to change the
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look of game assets and/or characters to depict their own preferences such as colour, look and
feel, or names. In advanced games, it may include the provision for the player to extend

functionalities or capabilities of the game.

Although this is another key on-going engagement factor, design constraints meant that the
researcher was limited about how much creativity could be incorporated into the game.
However, functionalities that enable players to customise the rocket by changing some

elements of it including its shape, colour and name were included into the game design.

Immersion: Immersion is the ultimate experience of engagement. On the engagement
framework, it describes expressions like “being lost in the game”, or “seeing one’ self in the
game”. Given the way young people describe the way they feel, immersion unlike the other
factors come from not playing the game a few times (Cheng et al., 2017). In addition to this,
going by the description of Jennett et al. (2008) there are three distinctive components of
immersion: “lack of awareness of time, loss of awareness of the real world and involvement
and a sense of being in the task environment”.

Due to the time constraints in the classroom, the researcher did not consider immersion a

useful factor in the development of the game.

This section has presented the engagement factors and how they were fed into the design of
SpeedyRocket. The next section considers the findings from chapter 5 and how they impacted

on the design requirements of SpeedyRocket.

6.4 Technology Acceptance Model and Game Requirements

The analysis of the extended TAM produced some implications for the development of

SpeedyRocket. These are discussed below:

Usefulness: Following the work from the teachers, one of the findings was that they have not
had much contact with technology and its application in teaching. This meant it was difficult
for them to see how useful digital games could be in the classroom. This construct is the
strongest predictor on the extended TAM used to predict the intention of teachers to use

digital educational games in the classroom accounting for up to 66% of the variance.
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Although teachers realised that their pupils would like the games and hence they could be
interesting to use in the classroom, the eTAM showed that syllabus connectedness was the
strongest predictor of usefulness. Therefore, teachers would consider SpeedyRocket useful if

it is related to the educational content they are teaching in the classroom.

This means that not only does the usefulness of SpeedyRocket need to be obvious to the
teacher; the usefulness would be assessed by how well the game is linked to the curriculum
and not just how fun it is. SpeedyRocket must therefore present educational gains to the
players in such a way that teachers would not feel it is a waste of time and effort. The TAM
also suggested that engagement and learning opportunities is a strong predictor of perceived
usefulness. This implies that SpeedyRocket must offer ways to engage pupils more and
improve their learning of additional concepts thus enriching their learning experience.
Another construct that explains perceived usefulness of teachers is the perceived ease of use.

This requirement is discussed in the following section.

Ease of Use: Findings from the eTAM indicate that ease of use is the second strongest
predictor of the intention of users to adopt digital educational games. Self-adequacy was
found to be the strongest predictor of the perceived ease of use of the teachers. Although it is
an established concept, ease of use is relative to the context of study and can be challenging
to address for two main reasons. The first reason is that teachers’ self-adequacy is a concept
that measures how teachers assess themselves and may not truly represent their actual skills
and efficacy. The other reason is similar to the first - self-adequacy varies from person to
person, depending on the varying levels of self-efficacy and digital literacy, which means that
while one teacher may consider a digital game easy to use, another may not find it so. This
presents a challenge to the design requirements for SpeedyRocket. The eTAM also posits that
experience with technology affects the perceived ease of use, but as with adequacy, this is not
only self-reported, but also varies between teachers.

Therefore, to ensure ease of use of SpeedyRocket, the researcher assumed a low level of self-
efficacy and no experience for all the teachers. The requirement then was that SpeedyRocket
must be straightforward, and not contain any unnecessary complexities that would require
teachers spending a lot of time learning how to use it, and feeling overwhelmed when
something goes wrong. In addition to this, an information pamphlet as well as support
materials about the game were sent to each of the teachers. Finally, the teachers were given

some contact time and basic training with SpeedyRocket before they introduced it in the
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classroom. This included how to wake the tablet up from sleep, open the browser and load

the game was given to them.

Enabling Environment: One other predictor of ease of use on the eTAM is an enabling
environment. This was discussed with respect to the time constraints, availability of devices,
Internet and electricity, and the availability of support to deal with problems that may arise

during gameplay.

Many of the potential problems with enabling environments were addressed by the researcher
while considering the generic requirements for the development of SpeedyRocket. In addition
and in order to address the concerns of the teachers about time constraints, SpeedyRocket
would have to provide short playing sessions that can be completed within the time allocated

for mathematics on the schools’ time tables.

6.5 Design of SpeedyRocket
SpeedyRocket was developed using JavaScript, html5 and CSS and could be supported by

every browser that complies with the HTMLS standards. For the purpose of the research, 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 in the
research. 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 will
have to calculate time and fuel values for flight based on distance and rocket speed. Players
are to collect as much coin as they can to unlock other rockets, while avoiding obstacles that
can destroy rocket health. A 5% error is allowed for flight timings if values are higher or
lower than expected values. E.g. if expected flight time is 10hours, 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
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Parameters of distance, speed and fuel consumption rate were supplied for each stage.

The researcher undertook the design and development of SpeedyRocket. This was because of
the peculiarities of the context of study and the need to engage teachers on the ground in the
process. SpeedyRocket was designed to fit 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 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 first decision the researcher had to make was about the game engine. Given the
constraints of the study in particular the time-specific requirement of building SpeedyRocket
around a particular curriculum content, the research had to make a trade-off between a near-
perfect game and a working prototype suitable to sufficiently answer the research question.
As important as the game is, it is a tool in understanding the research and not the goal of the
research in itself. The researcher was therefore careful not to dedicate a large part of the
research time allocation to the development of the game. The researcher was also aware of
the time to test, make necessary changes and get familiar with whichever game engine
selected to build the game. The choice of the game engine was based on a couple of factors.
One is the programming language the researcher is familiar with. The researcher has
programming experience in html, CSS, JavaScript and Python and so a natural affinity
towards game engines that are based on the languages. This was to reduce the time it would

take to learn a new language and develop a game in it.

Another factor considered was the type of game that would be developed. The researcher
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 more engaging
experience to the players, there were two considerations that made the researcher go for a 2D
game instead. One is that the creation of 3D assets would require expertise that the
researcher did not possess. Therefore, a substantial amount of time would have to be spent on
learning how to create those. The second consideration was that a 3D game would require the

end device to have high specifications that could run the game. Although at the time of the

130



development, the researcher was not certain about the devices available for the game. The

researcher planned to go with design specifications that could work on low-end devices.

One other major determinant of the game engine was the development adopted by the
researcher. The researcher used the iterative design methodology. This method is well
developed in game design (Gugerell and Zuidema, 2017; Adams, 2014; Salen and
Zimmerman, 2004). It is one 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 (Dix et al, 2004). 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
researcher therefore considered Game studio, CoCo2D, gamesalad, Construct2D and Stencyl.
Although these all support iterative prototyping, the researcher struck out CoCo2D as it
requires the knowledge of C++ programming language, 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 offered a better level of

flexibility with respect to create one’s own events and behaviours.

Another major advantage of Construct2D to the researcher is its plugin feature. Construct2D
plugin is in JavaScript — which is one of the languages the researcher is most comfortable
with. This plugin feature helps the developer extend or create entirely new events and
behaviours in Construct2D. 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
next section describes the iterative process of the game development. It is discussed under

two main sub-headings — game functionality and interface design.

A. Game functionality
The first prototype of SpeedyRocket was evaluated and tested by 10 young people and 4
teachers in the United Kingdom. A link to the playable version of the game was emailed to

them to play and give feedback. The researcher also provided devices to 7 young people who
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played the game while he was present and able to observe them. This stage of the evaluation
was targeted at testing the functionalities of SpeedyRocket. This was a pragmatic decision as
the researcher was based in the UK and those in Nigeria did not have devices on which to test
and play the game at this stage of the research. Also, as the researcher was just testing the

functionality, it was not critical that it was the intended target audience.

Three major functionality bugs were identified from the first iteration testing. The first is on
the navigation — some of the players who played on small screen (mobile phone and small
tablets) reported that the rocket disappeared whenever it moved to the far right of the screen.
The second major bug was on the input box used for entering values, it was not configured to
take more than one decimal place, and the restriction was not made apparent to the player. In
addition to these, it was also impossible for players to go back to the previous screens without

losing their initial entries on the main screen.

The testing of the game highlighted a major challenge with SpeedyRocket. The average time
for the young people to find their way around the game, enter the calculated values and start
playing the game was 8 minutes. This is almost all the time the teachers will allocate to the
game in the classroom. The researcher identified the clarity of instructions as well as the
location of parameters as issues to be fixed in order to potentially help reduce the game
playtime in the game. The researcher was also able to address this by reducing the length of
the actual playtime for each level within the game. The researcher fixed all the reported bugs,

made some changes and launched another version of the game.

B. Interface Design

At the time the second version of SpeedyRocket was launched, the researcher had been able
to secure some laptop computers with the target population in Nigeria to do some testing.
This stage of the testing and evaluation focused on the look and feel of the user interface and
other associated issues. The researcher worked with schoolteachers and pupils that were not
part of the cohort for this research but had similar characteristics (the same region in Nigeria

and similar demographics).
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Although the main aim of this stage was to get input on the look and feel and the viability of
the interface, the evaluation and testing here also elicited some functionality issues. These are

discussed in details below:

i.  Navigation and Control
The young people initially struggled with controlling the rocket in the game using the keys on
the laptop computer. The researcher believed that this was due to them not being used to
computers, as they became more comfortable after the second and third trials. However the
researcher noted this as a potential issue as young people in the classroom may not have the

time to practice using it during the actual study.

ii.  Clarity of goal and instructions
The young people in Nigeria also struggled with navigating across four different screens to
get all the parameters they needed to do the calculations in the game. Apart from the tedious
activity it entailed, it was also highlighted as time wasting by some of the teachers. Another
feedback from the evaluation was that the instructions were not clear enough to some of the
young people and so the time it took for some of them to start playing was increased. The
researcher created parameter button and a formula button on the main game screen to give
players a one-stop location to get all the instructions and values they need to do the
calculations. The game instructions were also broken down into multiple sentences and

checked by a teacher for the appropriateness in the language used.

iii. ~ Mobile Controls
After the testing with the teachers and the young people, some of them that took the link
home with them reported that they could not play the game properly on their mobile phones.
This was because the input control was not optimised for mobile devices. In order to
accommodate different devices and provide a similar experience across different platforms;
the researcher added a mobile switch button to the game home screen. The button when
clicked changed the input control to on-screen touch navigation for touch screen devices.

This catered for mobile phones, tablets as well as other touch screen devices.

iv.  History and Cache
While sharing devices during the tests, players also noticed that it was not possible to reset

scores, coins and levels. The researcher was aware that due to the limited devices, young
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people may have to use devices in turn especially from one school to the other. The
researcher therefore added the ‘clear’ button to return the level of the previous player on the

device and all counts and coins to zero.

6.6 Conclusion

This chapter presents the design and implementation of SpeedyRocket, a simple digital
educational game to support the teaching of mathematics in the classroom. It explains why
the decision was made to construct a new game rather than using an existing game. It then
considers the game genres suitable for education and narrows down on a particular one, the
adventure genre for use. It then presents the main design requirements for SpeedyRocket
based on the findings and insights from the previous research including the proposed
classroom environment, game engagement factors, and the results from the eTAM. This
chapter ends with the description of the design rationale, iterative development process as
well as the pragmatic consideration of the processes involved in the design and development.
The next chapter presents the implementation process of SpeedyRocket in the classroom with
particular focus on the participants, treatments administered, the procedure used and the

evaluation of the implementation described in this chapter.
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7 Chapter Seven: Implementation of SpeedyRocket in the
Classroom

7.1 Introduction

This chapter presents the results and discussions around the implementation of SpeedyRocket
in the classroom. It starts with outlining the experiment procedure and associated processes
for using SpeedyRocket in the classroom environment. This is followed by the quantitative
analysis of the pupils’ engagement with mathematics using statistical methods on SPSSv22.
It then goes on to present the qualitative classroom observation of the game play sessions
carried out over two weeks with the experiment group. Results and findings from the focus
group with twelve teachers are also presented. The final section provides a discussion of the

results and the implications from this research study.

7.2 Research Participants

The implementation of SpeedyRocket for this study used the ideal research site features
described by Rossman and Rallis (2011) to select the schools. The features included sites

where:

i.  Entry is possible
ii.  There is a rich mix of the processes and people
iii.  There is a possibility of building strong relations with the participants

iv.  Ethical and political considerations are not overwhelming.

The schools are three rural schools located in Ado-Ekiti, a small town in southwest Nigeria.
After initial contacts were made and the research project explained via phone calls, the
administrations of the schools were keen to have the researcher come in and work and were
interested in the potential use of technology in the classroom. The researcher was aware of
the culture and intricacies of the society where the school was located and was able to
communicate very well in the local dialect to explain things better as at when needed, and the
teachers were also interested in developing a longer term working relationship for support in
technology use and training. This research was conducted after ethical approval was obtained

from the school management, and teachers involved in the research.
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In terms of a rich mix, the school populations were mixed with respect to gender, social
backgrounds and, also mathematics scores obtained by the researcher showed different
achievement levels. Prior to going out to the schools, this researcher obtained ethical
approval from Northumbria’s University Faculty Ethics Committee. Information pamphlets
were then provided to the parents through the pupils two weeks prior to the research, and the
teachers were also fully briefed well ahead of time. Parents consented to the participation of
their children/wards and the head teachers of the schools acted /loco parentis. The researcher
made contacts with the head teachers of the schools, who in turn briefed the teachers. The
teachers had a briefing session and signed consent forms (Appendix 4). Altogether, a total of

69 people from the three schools participated in this research: 9 teachers and 60 pupils.

7.3 Research and Evaluation Design

The evaluation of this study adopted mixed data collection methods, combining qualitative
and quantitative techniques — questionnaires, focus group and observations. These three were
carried out with the pupils, while only the focus group was done with the teachers. The
rationale for the mixed method with the pupils was its use in supporting the self-reported data
obtained from the questionnaires to make results more accurate. The focus group with the
teachers helped the researcher explore their perspective of the use of the game in an actual
classroom as the initial work with them was merely based on their perception. The period of
the intervention was the first time the teachers used technology to enhance their teaching

practices.

The study adopted an experimental design approach (Campbell and Stanley, 2015) in the
rollout of SpeedyRocket into the schools, and a mixed method approach was taken to data
collection and the evaluation of its effectiveness on young pupils and their teachers. Pupils
were randomly grouped into experimental and control groups. Papers labelled as TG 1- TG10
(Test group) and CG1 — CG10 (Control Group) were distributed in the classrooms across the
three schools. As stated in Chapter 7, this research worked with the teachers, and the National
curriculum and work-plan for mathematics in the school to align the subject of the game to
the topic that was being done in the classroom during the period of the intervention —

estimation with particular focus on calculating time, Speed, and distance.
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For the two-weeks of this intervention, pupils in the control group and the experimental
group participated in the usual mathematics period in the daily time table across the three
schools. Each subject period was thirty minutes long. However, while pupils in the control
group were involved in the usual thirty minutes traditional classroom, the experiment group
had the traditional classroom teaching on estimation for fifteen minutes and played
SpeedyRocket for ten minutes. Two weeks prior to this, the Mathematics Attitude
questionnaire instrument was used to collect baseline data about the attitude of the 60 pupils
to classroom mathematics. A short questionnaire was also used to gather the thoughts of the
teachers about the practicalities of using games to teach mathematics alongside their usual

teaching methods.

As highlighted in Chapter 2, pupils generally perform well in mathematics, even though they
do not enjoy it. Therefore, this experiment intentionally omitted measuring the achievement
levels of the pupils. This is because attitude to classroom mathematics was not the focus of
the study and not mathematics achievement. The dependent variable was the pupils’ attitude
to mathematics and the independent variable were the pupils’ use of SpeedyRocket or the non

use of SpeedyRocket.

No compensation or benefits was associated with the experiments, and no risks were
recorded but as stated in the information pamphlets, pupils were informed of their right to
withdraw at any point without any consequences. Their responses were anonymised to
protect privacy. Names of pupils were not recorded as the participants across both
experimental and control groups maintained their codes on tablets, worksheets and

questionnaires all through the period of the intervention.

A. Interventions
The research treatment was administered to the experimental group. The treatment consists
of the digital educational mathematics game developed by the researcher, SpeedyRocket
(described in section 7.3) and some worksheets (Appendix 5) with questions and working
space for manual calculations for the pupils. The game was installed on Microsofi tablets and

distributed pupils at the start of each mathematics period everyday for two weeks.

B. Instrumentation
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As mentioned earlier, qualitative and quantitative instruments were used in collecting data.
Attitude to mathematics questionnaire, focus groups, as well as classroom observation was

carried out.

These instruments were discussed in details in Chapter 3.

C. Procedure
This study was conducted for 3 weeks in the second term of the schools’ 2016/2017 academic
session — October 2016. The selection of the schools was done in February 2016 based on the
criteria presented in 6.3.1. Consent forms were obtained from teachers prior to the week the
study started; head teachers also signed the /oco parentis consent forms. Classification of the
participants into control and experimental groups happened on the first day of the first week
of the study. Using the attitude to mathematics questionnaire, a baseline data collection with
the pupils took place on the second and third day of week one across the three schools. The
participating teachers were also briefed about the research and associated activities as well as
the structure of the experiment. The experimental group started playing the game on the 4™
day of the first week and continued till Friday of the second week. Post-attitude
questionnaires were administered on the last day of the second week to participants, and the

teachers’ focus group also took place on that day.

7.4 Data Analysis

Three types of data were gathered through the course of the experiment. As mentioned in the
previous chapter, baseline data was collected from all 60 participants across the 3 schools.
This data was collected using an attitude to mathematics questionnaire. The questionnaire

data sought to test the following hypothesis:

Ho:  Pupils that played SpeedyRocket in the classroom do not have a better attitude to

mathematics in the classroom than those who did not play SpeedyRocket.
The researcher also took video, photos and notes using a proforma from the classrooms

during the game play to collect observation data. The observation data sought to answer the

“what is going on here” question. The researcher was a member of the classroom settings for
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both the traditional classrooms and the SpeedyRocket classrooms where he observed the
actions and reactions of the control and experiment groups over the two-week period. A
follow-up focus group was conducted with the teachers to provide an insight into their

thoughts and opinions about the use of SpeedyRocket in the classroom.

The data from the attitude questionnaire was entered into SPSS and the Wilcozon Signed-
Rank test was carried out to test the hypothesis. Using an inductive approach, the focus group

data was read, coded and grouped into themes that are related.

The following sections present more details of the analysis and the subsequent results.

Attitude to mathematics questionnaire

A. Demographics
The demographics of the 60 research participants are provided in Table 7.1

Age Frequency (%)
8 26

9

36

Gender

Frequency (%)

10

29

Female

53%

11

9

Male

47%

Table 7.1 Demographics of the participants (N= 60)

B. Descriptive Analysis
The attitude to mathematics questionnaires was administered to the research subjects before
and after the two-week intervention. As noted earlier, the subjects were grouped into two
classes: experiment and control. The questionnaire measured attitude to mathematics using a
10-item scale. On the questionnaire, items 1 and 4 were negative, so the researcher converted
them to positive and also reverted the responses of the participants to the questions to make
analysis more straightforward. For the descriptive analysis, the responses were coded as

strongly agree = 4, agree = 3, neither = 2, disagree = 1, and strongly disagree = 0.

The means of the scale in Table 7.2 indicate that the attitude and reported engagement of the
participants is quite low. This is particularly true for item 9 (This mathematics class was
worth my time and effort) for the experiment 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 experiment groups (item 3 and item 4 respectively)
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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.

After the two weeks intervention, in which the control group received the normal traditional

classroom delivery of estimation: speed, distance, time and fuel consumption, and the

Item Description Mean Mean

(Experiment) (Control)

1 Mathematics classes are not boring 1.97 1.53

2 I look forward to my mathematics | 1.93 1.63
classes

3 I am comfortable in my mathematics | 2.07 2.03
classes

4 I love to attend mathematics classes 2.53 2.00

5 I would like to have more |1.93 1.57

mathematics classes

6 I learn interesting things in | 1.96 1.60

mathematics classes

7 I would like to know more about the | 2.30 2.00
topics we did in the mathematics
classes

8 I really enjoyed completing tasks in | 1.73 1.83

my mathematics classes

9 This mathematics class was worth | 1.43 1.63

my time and effort

10 I would talk to my teachers about a | 1.97 1.43

career that uses mathematics

Table 7.2 Baseline Descriptive Statistics for Control and Experiment Group

Attitude to Mathematics

experiment group received the traditional delivery as well as the SpeedyRocket game playing

sessions, below are the mean scores for attitude to mathematics.
As shown by the post intervention means (Table 7.3), the responses of the experiment group

to the attitude to mathematics questionnaires have improved and are more positive than those

of the control group. However, these numbers are not sufficient to determine if a significant
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change has occurred among the groups within the two weeks, especially since it appears that
the populations are not perfectly similar as demonstrated by the baseline data (Table 7.2).
The researcher therefore decided to use a more robust statistical test to examine the

differences, improvement and how significant they were.

Item Description Mean Mean

(Experiment) | (Control)

1 Mathematics classes are not boring 3.00 1.43

2 I look forward to my mathematics| 3.30 1.77
classes

3 I am comfortable in my mathematics | 2.97 1.63
classes

4 I love to attend mathematics classes 3.13 2.10

5 I would like to have more mathematics | 3.27 1.50
classes

6 I learn interesting things in| 3.30 1.70

mathematics classes

7 I would like to know more about the| 3.17 2.23
topics we did in the mathematics

classes

8 I really enjoyed completing tasks in my | 3.27 1.50

mathematics classes

9 This mathematics class was worth my | 3.10 1.36

time and effort

10 I would talk to my teachers about a| 3.30 1.66

career that uses mathematics

Table 7.3 Post Attitude to Mathematics Descriptive Statistics for Control and

Experiment Groups (After two weeks)

C. Wilcozon Signed-Rank test
The Wilcozon 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.
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In the case of this data, the normality assumption was violated, and so a Wilcozon Signed-
Rank test was an appropriate alternative to use. The researcher carried out separated non-
parametric repeated measures on control and experimental groups rather than a single one
because he was keen to examine the two groups separately. More so, the baseline results for
both groups showed that they had slightly different scores. It was therefore appropriate to

treat the analysis in such manner.

A reliability analysis allowed the researcher to assess how well the items on the scale work
together in representing the variable of interest in the sample. Following Archer et al (2015)
and Mohammed and Waheed (2011), 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 of the researcher 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 researcher weighted all ten items equally, and 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 Wilcozon Signed-Rank test for the control group was run and the results are presented as
follows: Table 7.4 shows the descriptive statistics for the control group, the mean rank for the
baseline was 1.13 (low attitude) and the mean rank for the post-test was also low attitude
(1.20), albeit slightly higher than the pre-test. The rank table for the control group provides

more details about the pre and post ranks.
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N Mean Std. Max Max
Deviation
Control 30 1.1333 43417 1.00 3.00
baseline
Control 30 1.2000 48423 1.00 3.00
After

Table 7.4 Descriptive Statistics for Control Group

Table 7.5 provides some results on the comparison of participants before and after the two
weeks. The table 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. While, this gives a better insight into an absence of a change in the control groups’
attitude to mathematics, it is the final statistical table that provided more information and the

results to finally decide if there was a significant change at the end of the two weeks.

N Mean Rank Sum of Ranks
Control After - Negative 23 3.50 7.00
Ranks
Control Baseline | Positive 4b 3.50 14.00
Ranks
Ties 24¢
Total 30

Table 7.5 Rank table for control group

The Wilcoxon signed-rank test in table 7.6 showed that there was no significant change (p <
0.05) in the attitude of the participants of the control group before and after the 2 weeks (Z =
-0.816, p = 0.414). This result agrees with those presented in Tables 7.4 and 7.5, that the post

mean rank for the group stayed at low as the majority of the participants (80%) maintained

their ranks.
CantralAfter
Z - 816"
Asymp. Sig. [2-tailed) 414

Table 7.6 Test Statistics Table
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The Wilcozon Signed-Rank test for the experiment group was also run and the results are

presented as follows:

N Mean Std. Max Max
Deviation
Experiment | 30 1.4000 62146 1.00 3.00
baseline
Experiment | 30 2.3000 .79438 1.00 3.00
After

Table 7.7 Descriptive Statistics for Control Group

Table 7.7 shows that the mean rank for the pre-test was 1.4 (low attitude) while the mean
rank for the post-test was 2.30 (medium attitude). The rank table (Table 7.8) also shows the
breakdown of the changes amongst the participants; 1 of the participants had a negative post

mean rank, 19 of the participants had more positive ranks and 10 maintained their ranks.

Sum of
N Mean Rank | Ranks
Experiment After | Negative 12 15.00 15.00
Ranks
Experiment Positive 19° 10.26 195.00
Baseline Ranks
Ties 10¢
Total 30

Table 7.8 Rank table for experiment group

The test statistics table (Table 7.9) shows a significant (p < 0.05) positive change (as shown
by the rank table and post-means) in the attitude to mathematics (Z = -3.464; p = 0.001).

Experiment after
Experiment Baseline
Z -.3.464°"

Asymp. Sig. (2-tailed) .001

Table 7.9 Test statistic table

The differences between the means of the responses of the control and experiment groups
gave an indication of the differences in the two groups. Thus, we reject the null hypothesis
and accept the alternate hypothesis that states that after two weeks, pupils who played
SpeedyRocket had a better attitude to mathematics than those who did not play it. The
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following section presents the findings from observing the use of SpeedyRocket in the

classroom.

7.5 Observation of SpeedyRocket gameplay
The aim of this research was to see how digital educational games can be used to provide an

engaging experience for pupils in the mathematics classroom. The quantitative results and
analysis presented in the sections above showed 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 dynamics between teachers and pupils as well as
other changes in the classroom experience of the pupils. Using a pro forma, observation data
was collected noted and written up after the class sessions, this was supported by recorded
video taken from some of the classroom activities of both the traditional and the game
classroom. The researcher collected observational data in order to ensure that the experience
of the pupils with SpeedyRocket’s could be explored and captured in situ and to support the
data collected through the questionnaire given the concerns with self-reported data. The
observation process allowed the researcher to better understand the context of the research
and how it influenced the experiences and occurrences that may otherwise have escaped if
another method had been used. 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.
Observation as well stops the bias from self-reported data. 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.

i.  Increased Motivation and Enjoyment
One of the challenges teachers face in the classroom is that of motivating students (Cheng
and Zhang, 2017). This is particularly the case with Science, Technology, Engineering and
Mathematics (STEM) (Rissanen, 2014). As established earlier, 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
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mathematics skills are becoming more important in today’s world and they are central to

success in other science careers.

Figure 7.1a Pupils from ‘school A’ during one of the play sessions

The traditional classroom, especially the upper primaries are 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 and discovery is done in the upper primary
— this is the status quo in the classes. During the gameplay sessions, the first thing the
researcher observed is the increased motivation, enthusiasm and excitement of the pupils that
played SpeedyRocket to classroom mathematics. Admittedly, this difference may not have
been necessarily because of SpeedyRocket but for the mere fact that they were using tablets in
the classroom. The traditional mathematics classroom presented mathematics as a boring and
dreadful subject. The teachers know this and the pupils do as well. Mathematics is not a
subject many of the pupils looked forward to, so the excitement and enthusiasm that
accompanied the mathematics period in the experiment 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 experiment group had on classroom tasks. They looked ‘more

into it’ than those in the traditional classroom.
The system of teacher writing on the chalkboard, explaining examples and giving pupils their

own tasks to do is the style in the control classroom. Pupils are visibly disconnected and

mostly participate because they have to. However, the experiment classrooms look more like
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the lower primaries and kindergarten classrooms, with pupils smiling, engaging and
interested in both the play and the tasks. For these pupils, many of who may have been
passive and could not wait for the mathematics period to be over, the game enhanced their

learning experience and provided an opportunity to enjoy the classroom mathematics.

The game captured their attention and focus in contrast to the traditional classroom in which
teachers have to keep asking them to focus. The motivation in the classroom made them more

receptive and ready to learn.

The pupils were aware that it formed 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 interests in the mathematics topic grew as they played the game. They did the
calculations on their worksheets with more enthusiasm, and the researcher noticed that it was
because they knew they needed to use the results to ‘power their rockets’. The application of
the calculations were immediately imminent and the incentive to get these calculations right

was also evident to them.

ii. 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 then
gives the class a set of exercises to do based on the examples. The teacher then collects the
pupils’ books, scores them and hands it back to them. The correction of the tasks is done on
the chalkboard and students that missed some exercises write the corrections into the books.
In Nigeria’s primary education setting, performance position 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 1* to last position — with
brilliant students awarded prices at an event attended by teachers, pupils and parents. This
end of term activity is also modelled in the classroom daily. Pupils who are not considered

brilliant are often not expected to do well in mathematics.
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Figure 7.1b Pupils from ‘school A’ during one of the play sessions

This attitude from teachers and other pupils in the classroom often discourage these pupils
from engaging in the classroom. From observing the traditional mathematics classroom, the
researcher could easily 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 ‘dull’ 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 end up being stressed
and some even give up in responding to questions or assuming they do not ‘know maths’.
The stress from the fear of failure is often compounded by the insecurity they face. Not all
pupils get the chance to show they are good at something in the classroom as teaching is fully

theoretical and performance-based.
In the experiment group, pupils’ confidence as well as comfort visibly increased. The game
caused a decrease in the anxiety and stress that often accompanied mathematics lessons.

Learning while having fun, without the pressure of getting it at once or according to a
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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 that they knew they could find the solutions to the mathematics tasks. Failure was
then a permanent stop for them but an invitation for them to try harder at their own pace

without the pressure of being classed dull or slow.

From the observation, players enjoyed the flexibility and freedom to try as many times as

possible to succeed as they played.

This is in support of some findings about game-based learning, especially simulations 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 (Kongmee et al., 2012). 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.

iili.  Personalised learning pathways
“I like it that way” and “this is how I want it”- these are examples of some phrases used
during the gameplay sessions in the classroom In contrast to some implementation 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 discouraging
pupils that may not make a lot of progress during game play from attempting to continue to
try. It was also to allow the researcher to explore the actions and reactions of the pupils to the
different dynamics in the game. Given that different engagement factors were built into
SpeedyRocket, the researcher was keen to observe how the pupils interacted with the games

with respect to the different factors.
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Figure 7.1c 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 to
another. While some pupils chose to earn more coins to buy a bigger rocket that could travel
faster and help them make progress in the game, other pupils simply made more coins, and
stayed on the same level. They appeared to be more fascinated by the rewards but less
bothered about completing the levels. Another example of this is with the creativity feature
added to SpeedyRocket. While some pupils spent time designing their rockets, and naming it,
other players skipped the process and just wanted to start the game and get on with it. The
pupils interacted with the games in different ways and this reinforces what the researcher
highlighted in Chapter 5 about the engagement factors. Players tend to engage with those
elements they find engaging and fascinating, and since everybody is not the same,

engagement factors too will differ from one person to another.
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iv.  Collaboration and cooperation in the classroom

As noted earlier, the traditional classroom, especially the upper classes 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. Alongside this quietness is a high spirit of competition, as the pupils’ performances are
assessed by who gets the highest score in classroom tasks. However, this competition is not
the healthy form of competition and it is not almost impossible to see pupils helping each

other out or being involved in teamwork.

In contrast to this dynamic, in the experiment mathematics 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 form of cooperation but also

competition.

It was interesting to observe some of the pupils who have completed some arithmetic
calculations on their worksheets, or successfully navigated one of the planets offered to help
their colleagues through the same process. The pupils shared advice and tips on how to make
progress in the game. This cooperation 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

navigate a difficult path or do some arithmetic.
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Figure 7.1d Pupils from ‘school C’ during one of the play sessions

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 was one of those things that challenge the fundamental structure of classroom

setup in the schools.

v.  Power shift in the classroom
This is perhaps one of the most apparent changes the researcher observed between the control
and experiment mathematics classrooms. It was also the second most challenging changes
(after interactivity) for the teachers to accept. In the traditional classroom, teachers are the
‘sage on stage’. They are considered to be the ‘know it all’ and almost all of the time,
instructions 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 as well most of
the times are close ended like “do you understand” and “is this right”. These questions often

do not require any thinking from the pupils who mostly chorus “yes” or “no” depending on
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what they think the teacher wants to hear. The pupils are mostly recipients and consumers
and therefore play the supporting role in the classroom. Due to this perspective and image of
the teachers as ‘know it all’, pupils do not question styles, methods or anything the teachers
write on the board. Those things are considered to be sacrosanct and final. This power
position of teachers means that pupils are largely excluded from the creative process of

knowledge in the regular traditional classroom.

This dynamic changed in the experiment classroom. Apart from the improvement in the
enthusiasm of the pupils, the power balance in the classroom was shifted as power moved to
the pupils. 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 around 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’.

7.6 Focus Group with Teachers
There was a short fifteen minutes focus group at each of the participating school with the

teachers. One hour was planned but the study already took a considerable amount of time
from the teachers and they wanted the researcher to make the focus group fast. Firstly, the
researcher asked to confirm if the teachers have played the game. He also asked what they
liked/disliked about the game and if they would and how they would use the game in their
classrooms. They were also asked if there were changes they would like to make to the

design of SpeedyRocket. The results of the focus groups are presented in this section.
i.  Teachers’ perspectives about the usefulness and appropriateness of SpeedyRocket
Responses show that the teachers found SpeedyRocket interesting and engaging in the

classroom. Some of the responses include:

“The game is interesting”
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While some of the teachers actually enjoyed playing SpeedyRocket themselves, some of the
responses suggest that even though some of the teachers themselves are sceptical about
games and express their dislike for it, they commented on enjoying the experience, probably

due to the effect it had on the pupils:

“I enjoyed the game, and although I don’t actually like games, I prefer reading to games”

“It is interesting, and the pupils find it interesting”

The teachers are well aware of the concerns about engagement in the classroom and the
perspectives that some pupils have about how boring mathematics is. Some of the responses
indicate that the teachers consider SpeedyRocket to be useful in bringing more engagement

into the mathematics lessons.

“well, I believe it makes mathematics lively for them and also improves their interest in

solving mathematics, I believe it can help them”

“some of them that do not really love mathematics and they love playing games, if..maybe

’

that can actually attract them, maybe.’

Teachers also thought SpeedyRocket was not only useful for play, but also for learning

mathematics:

“My opinion is that it teaches them how to calculate some things, like speed and time,
because they have to do it to play the game, and manoeuvring from one problem to the other

maybe moving from all the barriers, those are all useful”

There were indications that some of the reservations some teachers had were about the actual
way their curriculum content could be integrated into games. However, the teachers were also
quick to spot the difference between SpeedyRocket and the other games they have been used
to and how they think SpeedyRocket is valuable to the learning process:
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“actually it is very very interesting like number 1, It brings a kind of impression that you are
doing something useful, and then I like the calculation you have to do unlike other games that

you just play, it is interesting but, someone has to learn it well before using it”

This suggests that the value of SpeedyRocket to the teachers is not just based on fun but also
on the curriculum connectedness it offers. This is not surprising as results of the extended
Technology Acceptance Model shows that perceived usefulness is central to the behavioural

intention of teachers to use digital educational games in the classroom.

“The game is very okay, most especially, the calculation, you need to learn calculation to do

the game which is good”

“you see those ones that have had the experience now, to solve question on this distance will
be very easy for them, they will find it even more interesting that others that have not played

it, it makes mathematics interesting for them”

However, the responses of the teachers also suggested that they consider SpeedyRocket a tool
to enhance the teaching and not to replace it. Having observed how pupils played, and did the
necessary calculations, some of the teachers were able to see where game-based learning lies

in the delivery of educational lessons in the classroom:
“It is useful in boosting their morale about what has been taught normally, it can boost their
learning abilities, you see when they see that you are on your way, they are usually happy

that the games master is coming”

“we can add it to it as he has said (as the other teacher said) but it should be supplementary

and not a replacement”
These responses indicates that SpeedyRocket usefulness in creating an engaging classroom
experience through which learners can co-create knowledge by actively participating in their

own learning experience is clear to the teachers.

ii.  Teachers’ intention to use SpeedyRocket in the classroom
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When the researcher asked if teachers would like to use SpeedyRocket in their classrooms,
there were mixed responses. While some reasoned that the mere fact that pupils enjoyed
playing it is a reason to adopt SpeedyRocket, other teachers put the responsibility of that
decision on the management suggesting that they would rely on the school to tell them what

to do:

“If they include it in their curriculum, yes, children love playing game, if the school can

provide the technology, then yes”

“If it can be added to the timetable, so we know and plan for it, we all know many of them

’

like the game...’

These responses also indicate that teachers place some value on administrative support and
leadership interest in using digital games in the classroom. Teachers seem like they will not
on their own pioneer the use of SpeedyRocket in the classroom without the school
administration adding it to the timetable or work plan. This may be because even though
using game-based learning is innovative, teachers would be accessed on the completing the

curriculum and not necessarily on engaging classroom experience.

However, most of the teachers were not so positive about adopting it for use in the classroom
as they cited some interesting reasons. The responses confirm that their scepticism about the
use of games to teach is not about the usefulness of the tools but about the facilitating

conditions necessary to make the use smooth and successful.

“...but because of the time factor, it may be difficult incorporating it, it is okay, because it

teaches something, it is good”.

“.there is no enough time. It is useful for them to learn fast, but there is no time for it at the

moment”’

“....but the time is the main challenge”

Teachers talked more on the time constraint more than any other thing. This is despite the

fact that the design of SpeedyRocket consciously took into considerations the time factor with
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teachers’ schedules and timetable in mind. During the implementation, careful planning was

also done to ensure that time for other subjects were not used by the mathematics period.

There were recommendations to use SpeedyRocket outside the mathematics classroom and

move it to an after school supplementary class.

“I still mentioned the time issue, the learning time is the challenge, we take mathematics
Monday to Thursday, if we can use the free period on Friday around 12-12:30 as a
supplementary something, so we can use the period to be doing it maybe once in a week, not

everyday”.

As mentioned earlier, covering the term or year curriculum appeared to be the priority of the
teachers, as that is the success metric for the academic year. The perceived struggle that will
accompany using SpeedyRocket and completing curriculum requirements is a challenge for
digital game-based learning adoption. Nevertheless, some responses suggest that while
teachers reported time as a challenge to adoption, the real challenge is their own technology-

efficacy, as one of the teachers said:

“The major problem I think we will have is..even we the teachers, not to talk about the pupils
now, we are not so familiar with such a thing so the same thing the pupils, if it is what they
have been doing before, its what they can do and it will enhance their learning, but with the
present situation like myself [ am not so familiar with it, I was asking yesterday, which one
did you say we should catch, so if I want to teach the pupils, I would want to know it first

myself before teaching them. If we know it before, it would be easy to plan how to use it”.

And seeing themselves as the custodian of that knowledge and expertise in the classroom,
there is a feeling that if they cannot use the game very well, then their pupils are going to
struggle with it. Interestingly some other comments also showed that the teachers were also
concerned about the efficacy of their pupils and not just their own. There seem to be concern
about the period between when the game is introduced and when pupils can start using it with

as little support as possible. One teacher said:

“ Time is the first challenge, number 2, before the pupils could get something out of it, like
the one they were given, on the first day, only one person (in a class of 10) tried to get it right
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very well, the second day about 2 or 3 of them, so before getting it, it might take time, and
like I said the other time, a topic is majorly for a week, so out of a week, if you are taking 2-

3days for only to do calculation using games, you know it would be taking most of the time”

“Based on what I have seen, it will take a lot of time, because each step counts, to the
teacher, every minute counts, and apart from the time, in Nigeria, you know we have the
rural and urban areas, those people that are living in the rural areas are not familiar with
the computers or the use of the computer game...the time is not enough for us to be using it
all the time, and they should see it as a supplement, not the sole for learning, just addition

that ok we should not be using it everyday, just an addition”

“....At is time consuming, and it takes them a while to get used to it. As you can see now that

it is different from when they started, you see them now improving bit by bit”

Once again, in the above statements, the time challenge is seen to be related to the efficacy
concerns. Invariably, the more the pupils get at navigating the game and using the devices,

the less challenge the time poses.

“Using game in mathematics right, they find it quite difficult to calculate some sums in
computer when they are not really familiar with the use of computers like that, because of the
situation in Nigeria, many of them are not computer literate and have not been familiar with
the use of computers so they have found it somehow difficult at the beginning but as time
went on, I believe in this generation, pupils learn very fast and I believe with the help of

traditional teaching, they would improve”.

Some of the teachers therefore are positively disposed to using SpeedyRocket in their
mathematics classroom, on the condition that they would have the chance to learn it, and be

prepared to support their pupils

“First, the teacher has to understudy the game, the same way that if you want to take a topic,
you have to know that topic, you have to learn it before coming to class to teach them, so the
idea is for the teacher to learn what that game is according to the topics before coming to the

class to use it”
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Learning, training and getting used to it came out really strongly during the focus group — for

the teachers:

“....1 think everything is fine, to me, the only lacking bit is the learning (training) had it been
that one has been taught before, I was telling my colleague that it is not like the one we play

on my phone that you just need to turn, this one you have to look at where you are going”.

And for the pupils as well:

“They just need to be able to get familiar with the platform, I do not have a problem with
using the game in the classroom, but being familiar is important because they just started

using it, gradually they can learn it”.

Another teacher mentioned the importance of seminars and workshops in providing more
background and information to the teachers about the usefulness of game-based learning

before they are asked to use it:

“before they can introduce it in Nigeria, we have to organise a seminar/workshop and tell

the teachers, this is how you use it, these are the advantages of it ”.

iii.  Teachers’ concerns about the use of tablets in the classroom.

Apart from the time constraints on the teachers to use game-based learning in the classrooms,
the teachers commented on some of the other difficulties they experience during the course of
the experiment. There were concerns about the suitability of the devices that SpeedyRocket

was played on, and the experience with using technology generally, as one teacher said:

“Although the design is good, but the tablet is confusing to them, an analog control would be

better. The control is the problem”.

This may not be unconnected with the way some of the pupils struggled on the first day to get
used to navigating SpeedyRocket’s interface and manipulating objects in it. The importance
of practise is once again highlighted here with respect to the devices and the experience of

the pupils with SpeedyRocket:
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“first, there is a need to get them familiar with the devices, because it is then that they can

maximise the use”

However, one factor that teachers feel hamper practice is the access to tablets and computers.
The importance of experience as well as the availability of devices was also mentioned in
evaluation of the extended TAM under the enabling environment and experience with
technology constructs. Retrospectively, teachers commented that the unavailability of the

devices is a challenge to the adoption:

“...because one of the things I mentioned before is unavailability of devices, had it been that
we have access to the devices and they have been using it, time would be enough because it
will just be normal, but this one, infact the first day you saw the way they were doing on the
devices, you yourself you would know that they are not familiar with it, so one of the things [
said is time challenge and the unavailability ...partially, now that they have been using it they

know how use it”.

Another teacher said:

“I think one of the problems people will have these days is that they don’t really have access
to some of these things, no laptop, or someone that has never operated a computer before,
even forget the fact that they you have, it can be difficult for you, moving from one place to
the other, but if you are familiar with some of these things, mere telling you, do this, press
this, you will get it”.

Teachers were however positive that with better access to tablets and computers, and more
experience using it, the digital literacy of the pupils can overtime smoothen their ease of use
of game-based learning:

“...1 think some of them are not really familiar with it, but since they can learn fast...”

One other teacher commented that:
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“Using game in mathematics right, they find it quite difficult to calculate some sums in
computer when they are not really familiar with the use of computers like that, because of the
situation in Nigeria, many of them are not computer literate and have not been familiar with
the use of computers so they have found it somehow difficult at the beginning but as time
went on, I believe in this generation, pupils learn very fast and I believe with the help of

traditional teaching, they would improve”

Discussion

The findings from this chapter show compelling evidence that digital educational games can
improve the attitude to and engagement with mathematics of young people in the classroom.
The components of the ARCS model were significantly improved 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 experiment group.

Games have the capacity to create interests in subjects and careers that are experiencing
shortages — especially STEM careers. Item 10 - I would talk to my teachers about a career
that uses mathematics, presented a significant improvement too. This suggests that digital
educational games can stir up interests in not just classroom mathematics but also in related
careers. It appears useful for young people to see the application of the subjects and lessons

they learn in school to the real world.

A challenge in STEM teaching and learning today is the way lessons are designed and passed
on to students. This is particularly a problem in regions where practical science knowledge is
not readily available and the economic environment limits the access of pupils to practical
lessons. A possible reason why young people find mathematics and some other STEM
subjects uninteresting is the enormous scientific contents and phenomenon they consist of,
which may not make sense if they cannot relate to them or see their applications. This study
suggest that digital educational games can potentially bridge the gap between the practical
knowledge and the theoretical understanding by presenting the educational concepts and
application in more engaging ways. Results of this study suggest that digital technologies

stand in a good position and offer a couple of potential solutions to this problem.

161



One of the challenges of mathematics is the abstract level of presentation sometimes that
goes on in the classroom (as observed by the researcher), in contrast to the usual teacher-to-
pupil delivery, the pupils were more engaged and involved in the classroom, figuring things
out and constructing knowledge by and with themselves. A very interesting discovery was
the confidence that the learning process produced with the pupils that are usually quiet and
less responsive in the traditional classroom. As noted earlier, the game playing session also
created an atmosphere of cooperation and competition. This research argues that both can be
well blended to provide an engaging experience for pupils in the classroom. Pupils learn in
different ways and one way educators can create a better learning experience is to ensure the
learning environment provides different pathways and possibilities for the different kinds of

learners.

Findings from this chapter also support the finding from the extended technology acceptance
model. From the experience of the teachers in the game-based learning sessions, they could
see the usefulness of SpeedyRocket. While some considered it useful just in engaging and
exciting the pupils, some other teachers saw its usefulness in delivering curriculum-based
content. However, willingness to adopt it in their classrooms still appears to be an issue: one
which appears not to be about the usefulness, but about the ease of use, their own efficacies
and those of their pupils, which can all be termed as digital literacy. Post using the game, the
concerns of the teachers were mostly about first, the time constraints their timetables present,
and two, the skills they need to use the game in their teaching practice — the same concerns
they expressed initially before the development of the game. During the design and
development of SpeedyRocket, the researcher, with an understanding of the time available for
each subject in the school day, built the game in such a way that it was relatively short so it
could be integrated easily into the classroom, however, the teachers still felt it still took a
considerable amount of time to use. The other challenge, which is the skills they need to use
the game with their pupils, was addressed with a tutorial, and a text guide on the

functionalities of the game.

The various responses of the teachers about time constraints provided an insight into the real
problem as highlighted in the focus groups results presented in the previous section. It
appears that the fundamental problem is not time, but self-efficacy and digital literacy. Some
of the teachers particularly referred to the time to learn how to use the game as the challenge

with time, not necessarily the time it takes to use the game in the classroom. While their
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responses suggested that the young people got used to the game quickly and were using it
well, they worried that they might not be able to get familiar with it in a similar time frame. It
is worthy of note that digital literacy and self-efficacy goes hand in hand. The teachers were
aware that the researcher was around in the room to handle any issues that came up while
they used the game, but were concerned about their ability to deal with any technical
difficulty that comes with the use of the game without support. Likewise, the fact that they
had the guide that showed them how to use the SpeedyRocket and they underwent a briefing
and training session, yet felt inadequate to use it suggests that the inadequacy may not
necessary be about SpeedyRocket, but technology generally. This is consistent with the
findings and recommendations in Chapter 5 about training and support. In the use of digital
educational games in the classroom, it is recommended that training be holistic, and not just
about the tool to be used. Teachers need to feel confident in their ability to deal with
eventualities, unplanned disruptions, as well as familiar technical issues. The first step to
dealing with this might be, to understand that they may not be able to handle every difficulty

and they may have to turn to their pupils, or other colleagues for help.

Digital educational games are useful tools in the mathematics classroom. They can be used to
deliver curriculum content, engage the classroom in constructive activities that improve
confidence, and also create interest in particular careers. However, their integration needs to
be well thought-out and one that carefully considers the learners and their preferences, but

also the role of the teachers.

7.7 Conclusion

This chapter presents the analysis, results and discussions of the implementation of
SpeedyRocket in the classroom. The results from the quantitative analysis of the
questionnaires are discussed. This is followed by the analysis and presentation of the results
from the classroom observations and the teachers’ focus group. A final discussion of these
results and findings is provided. The quantitative results from the pupil questionnaires show
that SpeedyRocket, the game used for the experiment, is useful in improving attitude of pupils
to mathematics in the classroom. The classroom observation shows that the use of
SpeedyRocket improved classroom engagement and interaction and provided a more
individualised learning experience for the pupils. Most importantly, digital educational games

are found to be useful tools in breaking down barriers and getting young people to be active
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participants in the learning and teaching of mathematics. The focus group with the teachers
shows that while they report an understanding and appreciation of the game’s usefulness,
they also have concerns about the ability and efficacy of both the pupils and themselves to

maximise the use of the digital educational game in the classroom.

8 Chapter Eight: Conclusion and Reflection

This chapter presents the key contributions to knowledge and provides a summary of the
main thesis. In Chapter One, the researcher presents the problem statement and a rationale for
this research. The research questions are presented and an outline of the structure of the thesis
is provided. In Chapter Two, a literature review is presented to demonstrate the various
themes and current understanding around the concepts the researcher identified as central to
the research. These include mathematics education, game-based learning and the acceptance
of technology by teachers. Chapter Three presents the research methodology and the various
techniques employed to answer the research questions. In Chapter Four, the researcher
develops a conceptual framework on factors that engender engagement in games. Chapter

Five presents an extension of the TAM that sought to understand the behavioural intention of
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teachers to use digital educational games in the classroom. SpeedyRocket, a prototype digital
educational game to teach mathematics was developed and its design and implementation is
discussed in Chapter Six. Chapter Seven provides an evaluation of the implementation of
SpeedyRocket. This chapter concludes this thesis of eight chapters with a review of the
original research questions, a summary of the main original contributions to knowledge, the
limitations and challenges of the study, suggestions for future work and research direction,

and reflections of the researcher on the study as a whole.

8.1 The Study

The overall aim of this study was to contribute to the discussion and literature around digital
game-based learning. It focuses specifically on exploring how digital educational games can
be used to provide an engaging experience for pupils in the mathematics classroom. This
study provides more evidence to support the use of digital games in formal primary education
by showing significant improvements in the engagement of cohorts of young people that
played the game versus those that did not. This section considers the original research
questions presented in Chapter One and the responses to them based on the research

conducted in this study.

How can digital educational games be designed and developed to engage players?

This first research question was ‘how can digital games be designed and developed to engage
players?’” The research conducted to answer this question was presented in Chapter Four of
this thesis and focused on the engagement and enjoyment of digital games. Research into
engagement factors and engagement in digital educational games are not many as compared
to those on learning effectiveness. One explanation for this is the focus of digital educational
games on delivery educational value rather than providing an enjoyable experience to the
players. This research considered the factors that draw young people to video games, engage
them while playing and keep them interested in the game and return to play it again and
again. Using two data collection techniques of a questionnaire and an interview, the
researcher explored the motivations of young people for playing casual games in order to
inform how digital educational games could be made to be more fun and engaging. The

responses of the young people involved in this research were mined for these motivations.
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The results showed the following factors were important: clarity of goal; thematic appeal;

visual appeal; rewards; feedback; social interaction; creativity; challenge; and immersion.

Initial
Engagement

Clarity of goal Ref:’:ég: caknd
Thematic/Visual } -
Social Interaction

Creativity

Ongoing
Engagement

Engagement
Outcome

Challenge

Figure 4.4 Game Engagement Framework

This research found out that these factors are the ones that support players’ engagement in
game play. The factors were thereafter created into an engagement framework, split into on-
going engagement factors and the engagement outcome. The engagement framework gives a
breakdown of the factors that are needed to initially draw and engage players, those that are
useful in sustaining their interest and the factors that make for longer-term engagement and

immersion.

This research posits that building digital educational games around the factors should make
the games more interesting and engaging to young people, thereby solving the inherent
problem most digital educational games have, that they are boring and players do not find
them interesting to play. Most importantly it maintains that despite the fact that digital
educational games are games with a purpose —which is learning, they need to maintain the
sense of ‘play’ (Rieber, 1996) by keeping the fun bits. This is important if the games will
engage players, especially players who are used to playing fun and interesting casual games.

What are the factors that determine the acceptance of digital educational games by

teachers?

Having established the role of the teachers in the use of digital games in the classroom, it was
important to understand the acceptance process of digital educational games by the teachers.
The research conducted to explore this question is presented in Chapter Five of this thesis.

There were two parts to answer this question. First, the researcher adopted the Technology

166



Acceptance Model as a framework to explore the constructs that determine the acceptance or
otherwise of digital games by teachers in the classroom. The researcher modified the original
TAM to adapt it to look specifically at digital games for learning based on the results of the

semi-structured interviews

Secondly, the researcher tested out the extended TAM in a questionnaire administered to 220
teachers. Sets of hypotheses were developed from the extended TAM and were tested
statistically. The results indicate that the model provided an understanding of the factors that
predict the acceptance of digital educational games by teachers. Most importantly, the answer
to the research question also indicated the strength of each of the factors on the intention of
teachers to use digital educational games in the classroom. It also presented the mediating
factors on the constructs as well as implications for the preparatory work with teachers that

should precede the introduction of digital educational games to them.

This approach of combining the results from previous studies together with interviews from
the targeted group enabled the key variables/constructs to be identified. Independent
evaluation by a group of experts gave further confidence in the model. The modified TAM is
a useful instrument for exploring the attitude of teachers to using digital games for learning
and teaching, and highlighting the key areas which require support and input to ensure

teachers are ready to accept and use this technology in their classroom practice.

What is the effect of digital educational games on the attitude to mathematics of pupils

in the classroom?

Following the development of a prototype game- SpeedyRocket, the researcher wanted to
know if the game had any effect on the attitude to classroom mathematics of young people.
The researcher answered this question in Chapter Seven of this thesis. Working with the
functional, non-functional and usability requirements drawn from the backgrounds studies
(described in Chapters Four and Five), a digital educational game - SpeedyRocket was
developed. Working with two groups — one that used the game and the other that did not, the
researcher sought to find out if the game had any effect on the attitude of pupils that played

the game to classroom mathematics.
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To start with, a baseline of the attitude to mathematics of the two groups was collected. The
experiment group was then administered with SpeedyRocket for two weeks. Using Wilconzon
signed-rank test to compare differences in reported attitude of the sampled population, results
indicated that the experiment group had a better post-attitude to mathematics score than the
control group. Classroom observation also suggests that the use of SpeedyRocket provided a
platform for better engagement, interaction, cooperation and collaboration. These all showed

a more positive attitude to mathematics in the classroom.

8.2 Summary of contributions to knowledge

Game-based learning research has received a considerable amount of focus from academics
and practitioners as well. However, this study is unique in a number of different ways: the
research draws on educational research that states that interests are formed quite early in the
educational journey of a child, and so interventions to improve attitude should target early
ages too. In contrast to other empirical works around the effects of game-based learning, this
study focused on primary school pupils. Furthermore, this research focused on the Nigeria
context, one that has unique characteristics and peculiarities with respect to general
awareness and use of technology in education. These peculiarities yielded interesting results

and new perspectives on the use of digital educational games in the classroom,

The aim of this study is to provide an answer to the thesis title: how can digital educational
games be used to support engagement with mathematics in the classroom? The researcher has
answered this question in this thesis, and made significant contributions to knowledge in the

process. This study is significant in four major areas:

i.  Digital educational games and traditional classroom dynamics
The specific contribution of this research is the understanding and insight it provides into the
changes in the classroom dynamics when digital educational game was introduced. Most of
the research into digital educational games has been carried out in classrooms in developed
countries where the culture is different than in Nigeria. The results of the impact of digital
educational games cannot be generalised especially when the peculiarities of the context are
considered. This research opens up a window of understanding by providing a rich qualitative

account of the changes that occur in a classroom with the introduction of digital educational
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games. These changes are highlighted in chapter 7 of this thesis; however, the most important
change perhaps is 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 silent the teachers,
it was not the most comfortable situation for them. This is an explanation to their reluctance
to positively respond to the possibility of continuing to use digital educational games in the

classroom.

In addressing the main research aim — ‘How games can be used to provide an engaging
experience for pupils in the mathematics classroom’, this research found out that it is no
enough to design engaging games, it is equally as important to carefully consider the status
quo and how the innovation would affect the dynamics. Much more than that, it is important

to prepare the stakeholders for the changes that may likely occur.

This finding provides a profound implication for digital games in teaching and learning 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, it is should
not be a rushed activity as this risk creating more problems. It should be well planned and
structured. The findings of this research suggest that mathematics in itself may not be the
challenge, but the delivery of the subject and the inherent structure of classroom practice in
Nigeria. It implies that for young people to be better engaged in the classroom, barriers to
communication, sharing, cooperation and collaboration should be broken. While digital
educational games are great tools to do this, teachers do not necessarily have to use games to
change the dynamics. However, there is need for them to first acknowledge the need for
better classroom experience and understand where they stand in making that happen. Closely
linked to this implication is more insight in the area of first and second order barriers initially
discussed in chapter 2. Many of the previous research as to why the technology adoption and
integration is slow in Nigeria has focused on factors such as unavailability of devices,
infrastructural development and government policies. However, this research brings into
limelight the issues around teachers’ readiness and their concerns about the potential

disruption to the status quo.

ii. Game engagement framework
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Firstly, this study adds to existing literature on empirically informed engagement factors in
games. As highlighted earlier, design of digital entertainment games is a fast pace moving
field with designers and developers rolling out more advanced games more than ever before.
Whereas other studies focussed on adults, this research work was focused on engagement
factors for young people. It provides insight for not just other developers of educational
games, but also content creators for educators. In addition, the engagement framework
provides a distinction for the three levels of engagement - initial engagement, on-going
engagement and the sustained outcome of engagement, which is immersion. This shows these

factors grouped under three main categories:

Initial engagement, on-going engagement and engagement outcome. Initial engagement
factors are those that appear to be antecedents to engagement, they precede and tend to
trigger engagement. Motivation is the basis for initial engagement. This motivation can either
be powered by thematic/visual appeal as well as interest in the subject of the game (extrinsic)
or clarity of goals, objectives and aims of the game. On-going engagement factors help
sustain engagement by providing rewards and feedback, a reasonable level of challenge, a
way for players to be socially active during gameplay and ways for them to be creative.
Given that the goal of engagement is immersion, it is expected that if on-going engagement

can be sustained long enough, a player will get to the level of immersion.

This distinction provides a guide on where focus should be placed while developing digital
educational games for the classroom. As highlighted earlier in the research, unlike casual
games, budgets for creating educational games are usually small. This stratification helps put
focus on where the available resources should focus on in the development of a digital
educational game. Apart from its value to game development, the engagement factors also
provide knowledge for how better engagement can be brought into the traditional classroom.
This is useful for teachers trying to create a better experience on interaction and enjoyment in

their classrooms.

ili.  Teachers’ technology acceptance in the classroom
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The extended TAM developed by the researcher is a contribution to knowledge. The TAM
was adapted using existing models and an empirical work with current teachers within the
context of study. More importantly, the extended TAM was re-focused to work for not just

technology but specifically for digital educational games.

For researchers and designers, the results of this study provide insights into how teachers
accept the use of digital educational games. It provides an understanding of the
characteristics of teachers and how these influence their disposition to the adoption of digital
educational games for classroom use. Although this work is all within the context of the
schools in Nigeria, the insights acquired may differ in other settings, however, the extended
TAM could be easily modified to other settings. More specifically, this study provides this
understanding for environments where technology is not very common and elicits teachers’

concerns to adoption, use and effectiveness.

This work also highlights the importance of usefulness to the teachers’ acceptance or
otherwise of a new technology. While focus has been placed on training teachers to ease of
use and digital literacy for teachers, this study argues that the more useful the teachers find
the technology, the less difficult they perceive it to be. It also argues that teachers need to be
carried along through all the activities in the process of developing a technological tool to be
used in the classroom. Being carried along is much more important than be trained to use.
This is particularly useful for school administrators and policy makers who sometimes want

teachers to use technology in the classroom simply because it is a common practise.

iv.  Development of SpeedyRocket

This study presents a prototype game designed and developed using the findings from the
work with young game players and with teachers. This provides useful insights into how
educational content can be embedded in digital educational games that will be acceptable to
teachers and fun for pupils for use in the traditional classroom. The attempt to blend both
learning and fun in the prototype game provides implications for designers looking to create
similar solutions. The development of SpeedyRocket was done with limited resources, and
specific focus on the context it was to be used in. It particularly sought to address the
concerns of the teachers about time constraints, availability of technical infrastructure and

expertise. The implementation was however successful, as the game was used well in the
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classroom for two weeks. The develop process and guidelines provides a model for educators
or developers looking to create digital educational games for environments and contexts such

as that.

v.  Assessment of game-based learning

Finally, this study has investigated the effects of a digital educational game on the attitude to
mathematics of young people (8-11 years old). The results from the experiment provide
insights into the benefits of digital educational games in the mathematics classroom. The
implementation of the game in a classroom setting can be used to create more a more
engaging experience compared to the traditional classroom in Nigeria. Unlike other studies
that looked at achievement as well as aspirations, this study evaluated only attitude to and

engagement with mathematics in the classroom and the effect SpeedyRocket had on it.

As established earlier in this thesis, young people fear mathematics, and find it hard to relate
to. This is despite the fact that examination scores of the young people in this study was
above average, however, teachers maintain that young people see mathematics as abstract,
boring and unconnected to the real world. The poor attitude could possibly potentially deter

further interest in mathematics-related degrees and career paths.

In all, this study contributes to the literature and research game-based learning and use in the
classroom by providing a well-grounded empirical study into how digital games can be
designed for teaching and learning educational content in the classroom. The limitations and

suggestions for future studies are presented in the next sub-section.

8.3 Research limitations

As with other research studies, this study had some limitations and shortcomings. These

shortcomings could be addressed in future work.

i.  Game engagement framework
The game engagement framework was developed from work with regular gamers. While this
was a reasonable approach given the kind of questions used to get the factors, this may raise

some concerns about the validity of its findings across non-regular gamers as well as non-
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gamers. In addition to this, research has shown that males and females play games differently
and may also be motivated by different factors. This research did not consider these

differences in the development of the engagement framework.

ii. SpeedyRocket’s design
The design of the game is limited in its scope and functionalities. The researcher designed
and developed SpeedyRocket in a relatively short period of three months. This is partly
because the game itself was a tool in the research and not an end in itself. It was a pilot game
rather than a fully finished product. Even though tasks in SpeedyRocket teach arithmetic and
estimation, it was primarily developed around a single topic in the mathematics curriculum,
and at such may not be relevant for more than two weeks during the span of the topic in the

classroom.

iii.  Learning effectiveness
Although it was the researcher’s plan for this research to focus on the engagement
opportunities of digital educational games, it still presented as a limitation of this study. The
researcher did not consider if any changes occurred in the performances of the experiment
group versus the control group and if there were indications that using digital educational

tools provided not just better engagement but also learning effectiveness.

iv.  Sample representation
Findings from this research cannot be generalised as the population of study was not
representative of the research sample, and may produce different results if taken into another

context.

8.4 Future research directions

i.  Game engagement framework
This research has produced a game engagement framework that is valid in a particular
context and has used it in developing a digital educational game that engaged pupils in

another context. A future study could look at a more balanced and representative population
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and the effect of the different levels of affinity and engagement with digital games. It will be
useful to consider how the gender differences influence the factors on the game engagement
framework, and if there are particular factors that are more common with females or males.
Testing the engagement factors with a wider range of age would also improve the robustness

of the framework.

iil. SpeedyRocket’s design and usage
A study that focuses more on the development of a digital educational game can potentially
take the engagement factors, and the recommendations for design in Chapters 4, 5 and 6 and
further develop the SpeedyRocket game or develop something entirely different. The design
process would benefit from a more focused approach, more time and more resources. Other
future work may extract the key components from SpeedyRocket and its implementation to
provide guidance to other digital educational game design and development. This could be

for mathematics or for another subject.

iii.  Learning effectiveness of digital educational games
While this research provided an understanding of how digital educational games can be used
to improve engagement in the classroom, further work could look at the impact of the game
on learning effectiveness. Given that ultimately, this is the goal of a classroom teacher, it
would be useful to evaluate the learning effectiveness that digital educational games provide.
In addition, further research could consider the impact of better engagement on learning
effectiveness using empirical studies. This would provide more rationale for using digital

educational games in the classroom.

iv.  Sample selection
This research was set in a particular context. Further research can use the tools the researcher
has developed with a wider or different sample. Some of this may include:
* Doing more of this intervention with different groups of young people.
* Exploring the impact of individual differences like age, gender, and technology
proficiency on the results.
* External control group (to the population under study) could be used to control
Hawthorns effect (McCambridge et. al., 2014)

* A fully randomised sampling selection method could be employed.
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v. Extended Technology Acceptance Model
The extended TAM developed as part of this research could be used with a different set of
teachers. It could be adapted for use in other digital educational game settings e.g. with older

children, at university, colleges etc.

8.5 Interface with wider research community and research impact
During the course of this study, the researcher shared and disseminated ideas and findings

from this study with the wider research community both locally and internationally. At the
early stages of this research, the researcher presented at the IEEE International Conference on
interactive Mobile Communication, Technologies and Learning (IMCL 2015) in
Thessaloniki, Greece. This research was presented as a game business proposal at the
EngineeringYes Research Competition that took place at Birmingham in May 2015. A viable
S5-year business plan was developed for the research output (an immersive-engaging game). It

won two prizes: The Elevator Pitch prize and the Peer Peview prize.

A poster presentation submitted to the International Communication Association (ICA) 66"
Conference was awarded the best poster in the Games Studies Division of the conference.
The researcher also gave a paper presentation at the 2016 IEEE Frontiers in Education
Conference in Philadelphia. In the later stages of the study, the researcher got a paper
accepted that was presented at the IEEE 2016 EDUCON. The feedbacks and comments from

these presentations were inputs into this research.

With regards to practice and impact, the research gave a three-day workshop in partnership
with Microsoft and the Nigerian government in April 2017, on how technology can be used
to foster better engagement in the classroom. 83 teachers from attended the workshop across
two states of the country. On the third day of the workshop, the teachers were trained on how
to use SpeedyRocket, the game developed as a result of this research. Finally, based on the
findings of this research, two undergraduates projects in Northumbria University are
currently looking at different elements of the engagement framework and investigating their

individual effects in the effectiveness of digital educational games.
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During the course of this PhD (year 1 and year 2), the researcher worked as a part-time

research assistant on the NUSTEM project (https://nustem.uk/). Drawing from knowledge
and skills gained from the PhD study, the researcher developed tools and methods to capture
and analyse all kinds of data (qualitative and quantitative) from school activities and
interventions. The researcher employed the use of books and articles sourced from the
university library to inform the development of the research tools and the analysis of the
results. The researcher was involved in the review of literature to inform the approach and
methods for the research. However, the researcher’s work was specifically on the analysis
and evaluation of data from secondary schools to inform the level of science capital (Archer

et. al., 2015) amongst young people in the region.

Towards the end of the PhD, the researcher started working full-time as a postdoctoral

researcher on the BRIDGE project (http://www.gateshead.ac.uk/bridge/). This researcher has

been working on planning and organising the project’s research, reviewing relevant
literatures, conducting interviews and administering questionnaire. He has also been setting
evaluation plans for assessing the impact of the project against success metrics. The
researcher’s exposure to fieldwork and widening participation initiatives was critical to

success recorded in these jobs to date.

The main papers published from this PhD are:

1.  O. Dele-Ajayi, R. Strachan, A. Pickard and J. Sanderson, "Girls and science
education: Exploring female interests towards learning with Serious Games a study of
KS3 girls in the North East of England," 2015 International Conference on
Interactive Mobile Communication Technologies and Learning (IMCL), Thessaloniki,

2015, pp.364-367. doi: 10.1109/IMCTL.2015.7359620

ii.  O. Dele-Ajayi, J. Sanderson, R. Strachan and A. Pickard, "Learning mathematics
through serious games: An engagement framework," 2016 I[EEE Frontiers in
Education  Conference  (FIE), FErie, PA, USA, 2016, pp. 1-5.
doi: 10.1109/FIE.2016.7757401
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Engineering Education Conference (EDUCON), Athens, 2017, pp.961-968. doi:
10.1109/EDUCON.2017.7942965

8.6 Reflections on the Researcher’s Experience: Lessons Learnt and Knowledge
Acquired.

This PhD study challenged the researcher in ways he had never experienced before.
Navigating a challenging doctoral project that draws on disparate fields, sitting at the junction
of educational technology, game development and pupils’ engagement has made him a better

grounded researcher than he was when he started.

Firstly, this journey has exposed the researcher to various new research methods, experiences
and knowledge. Before this study, the researcher had done only software development and
basic quantitative research projects. Coming from a very technical bachelor’s and master’s
background, this PhD was the researcher’s first main experience of empirical research
methods. Although the researcher struggled initially with the different complexities, the
researcher was able to pull through successfully as a result of support and exposure to

experienced researchers in the university and beyond.

Also, during the course of this research, the researcher carried out systematic literature
reviews, and performed various qualitative and quantitative data analysis, as he had never
done previously. The researcher learnt new methods of analysis using SPSSv22 and the
interpretation of statistical results. In addition to these, the researcher improved on his critical

thinking, problem solving and independent research skills.

For the first time in this researcher’s career, he interacted with pupils and teachers within and
outside the classroom. Before now, the researcher had only experienced desktop studies and
some minor work with gathering software requirements from clients and businesses. This
study stretched the researcher beyond his comfort zone and made him interact and work with

people on a deeper level than before.

Time management was also a key skill the researcher learnt in the course of this PhD study.
The process of getting an ethical approval to start the fieldwork part of this research took five
months; this was a significant part of the time allocated for the research. That meant the

researcher had to re-organise the plan several times during the research.
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In doing research in a challenging environment like Ado-Ekiti in Nigeria, the researcher
learnt how to be resilient and improvise when it is needed. Working with technology in the
classroom with teachers and pupils who did not have much experience with some of the tools
and terms presented a new level of challenge to the researcher. The researcher improved his
skills on communicating technical terms in simple ways as well as classroom presentation

and engagement.

In all, this PhD study has made this candidate a better researcher over the past three years.
The good, the challenges and the trills of the journey have all contributed to making the

experience a rewarding and enjoyable one.

8.7 Summary

This chapter provides the main original contributions to knowledge, key conclusions and
suggestions for future work for this research study. The researcher presents each of the
original research questions and summaries how the research from this study has responded to
each of them. From this it has presented a summary of the main original contributions to
knowledge from this research. Finally this chapter has discussed the lessons learnt, the
research challenges and limitations and the key recommendations for future research studies.
It outlines the main dissemination of the research to date and concludes with the reflections

of the researcher on the research study.
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