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ABSTRACT

For many beginners, learning to program has proved to be difficult, in particular,

learning the topic of recursion. Serious games have shown much promise in education,

including in the teaching of programming. However, the adoption rate in mainstream

teaching still remains low. One reason given for this is the lack of game authoring tools

to support educators with little or no game programming skills. Moreover, developing

educational games is difficult, time consuming and expensive. One way to address

this problem is to use domain-specific game generators to create customised games as

needed. The proposal in this thesis is that supporting higher education teachers with a

game generator tool could potentially aid them to effectively create serious games. The

aim was to investigate the use of a game generator tool to aid CS instructors to easily

generate instances of educational games to teach recursion.

A User Centred Design (UCD) methodology was adopted to develop a prototype

game generator tool called the Recursive Game Generator (RGG). Preliminary needs

assessment and requirements analysis studies were conducted and conceptual design

principles investigated. Four empirical studies were conducted to evaluate the proto-

type. Three were designed to evaluate the effectiveness of the prototype in supporting

CS teachers to create games to teach novices the recursion topic while one evaluated

the educational potential of the generated games from the lens of students.

Eight conceptual design principles were proposed that could guide the development

of serious games that cater to diversity. It was also found that CS educators and trainees

found the prototype useful, easy to use and learn; and were satisfied with the tool’s

effectiveness and efficiency, recommending its adoption. Students’feedback showed

that the generated games had educational potential for learning programming.

The proposed conceptual design principles are insightful as they add new knowledge

in the field of serious games design. Moreover, the positive empirical findings and

user experiences suggest that such a higher-order tool has the potential to increase the

adoption of serious games in programming education, and broadly meet the needs of a

diverse audience of instructors and students.
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CHAPTER 1

Introduction

1.1 Background

Learning programming has proved to be difficult among most students in higher ed-
ucation [124, 137]. In particular, novices struggle with learning the recursion topic
in Introductory Programming (CS1) courses [146, 233]. Other CS1 topics that learn-
ers equally find difficult include arrays, loops, pointers and Abstract Data Types (ADT).
Owing to the programming difficulty, high failure and drop out rates have been reported
in CS1 [124, 119, 32, 34, 199, 205, 272] world-wide. In their study on failure rates in
CS1 in 2007, Bennedsen and Caspersen [34] reported an average failure rate of 33%.
On this issue, their work and that by Watson and Li [272] are the most widely cited by
CSE community papers with the impression that CS1 failure rates are high. However,
recently there was an observation that some of the citing papers have misrepresented
what was originally written by the authors [138].

Bennedsen and Caspersen replicated their study in 2017 and reported an average
failure rate of 28% in CS1, noting an improvement. Comparing this rate to 42% - 50%
failure rate in college algebra in the US, the authors concluded that 28% does not appear
alarmingly high. Nonetheless, a working group on Innovative Technologies in Com-
puter Science Education (ITiCSE) found that pass rates in introductory programming
courses appear to average about 75% and that there is some evidence that they are at the
low end of the range of pass rates in Science, Technology, Engineering and Mathemat-
ics (STEM) courses [239]. Meanwhile, there are still major concerns internationally
among academicians that educators cannot teach an essential skill like programming
more successfully and reliably to students after over forty years of teaching the course
[162]. In fact, introducing students to computing still remains one of the grand chal-
lenges among educators in the community [35]. This is coupled with the challenge of
designing more inclusive and effective learning environments and instructional meth-
ods for CS1 [35, 176]. This problem has prompted the Computer Science Education
(CSE) community to call for improvement in CS1 pass rates and alternative approaches
of improving student learning in CS1 courses [239].
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In most universities, many students are annually registered in CS1 [119, 230]. The
course enrols learners from diverse backgrounds academically, economically, culturally,
as well as in terms of learning and motivational needs [124]. For example, the course
attracts non Computer Science (CS) majors from Information Systems (IS), Actuarial
Science, Mathematics, Statistics, Engineering, and Business disciplines, among others.
While some have been exposed to computing technology before joining higher educa-
tion, others have not. This diversity presents both teaching and learning challenges. In
fact, within the CSE community, research has shown that programming novices and
teachers continue to face serious difficulties and challenges [124, 146].

Some researchers have reported that teachers find it challenging to teach the CS1
course [164]. Three teacher related challenges have been identified as the: (i) meth-
ods and teaching tools; (ii) scale problems (large classes with diversity); and (iii) low
student motivation and engagement [164]. Given the programming difficulty and the
need for innovative methods of improving student learning and pass rates, especially
in CS1, some researchers have proposed Games - based learning (GBL) as an alterna-
tive approach [2, 48, 113]. Prensky defines GBL as the design of game applications
with clear learning outcomes [209]. A serious game is an educational game designed
to teach people about a particular subject, develop concepts, or assist in learning a skill
or changing player attitudes [62]. Other scholars have also defined serious games as
games designed for use in contexts other than entertainment or to achieve goals other
than entertainment, such as education, health, cultural heritage etc [120, 165]. They are
games designed to educate, train, and inform [117]. An educational game is a game
that is used as an educational tool that provides interactive and appealing activities that
attract students’interest for learning [1]. These definitions are adopted in this thesis.
Some examples of serious games that have been designed to teach programming in
computing education include Light-Bot1 [2], Elemental the Recurrence [48], Alice [58]
and Cargo-Bot2 [255].

For the purpose of the user studies conducted in this thesis, the adopted definition
of usefulness is the one proposed by MacDonald and Atwood [141]. According to
Macdonald and Atwood [141, p. 2], usefulness is defined ‘as the extent to which a

system’s functions allow users to complete a set of tasks and fulfill specific goals in a

particular context of use’.

1https://lightbot.com/hour-of-code.html
2http://i4ds.github.io/CargoBot/?state=1
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1.2 Problem statement

Although GBL has been proposed as one of the alternative approaches to deal with
programming difficulty, the adoption rate still remains low in mainstream teaching
[253, 85]. Some of the reported barriers to the adoption of GBL in mainstream teaching
and learning include the (i) fact that current serious games designed to teach program-
ming do not support diversity as well as enable educators to customise them to their
students needs [148], (ii) critical limited number of serious games that are aligned with
curriculum or those that can be easily adapted by teachers to fit their learning goals
[228, 85], (iii) lack of game programming skills by teachers [87, 3], (iv) the complex
nature of the process of developing serious games and high development costs involved
[87, 261, 262, 3], (v) lack of instructor-oriented serious game authoring tools to support
teachers with limited game programming skills [111, 253], (vi) difficulty of harmonis-
ing educational value and fun [261], (vii) ill prepared teachers [29], and (viii) limited
time in the curriculum [87, 261, 3], among others. A detailed discussion of these barri-
ers is presented in Section 2.5 of the literature review.

Although serious games have shown much promise in education, including in the
teaching of programming, the problem is that instructors often do not have the spe-
cialised skills to create such games [253, 85, 87, 96, 261, 281, 111, 134]. This hinders
the adoption of GBL in mainstream teaching. Moreover, there is lack of serious game
authoring tools that could support programming teachers with little or no game pro-
gramming skills [111, 253, 87, 261]. Meanwhile, developing serious games is time
consuming, difficult and expensive [87, 261].

1.3 Motivation

Literature on programming difficulty can be divided into two categories: (i) learning
programming and (ii) teaching programming. The first focuses on students - their learn-
ing, misconceptions and difficulties they face when learning to program. The second
is on educators - their teaching strategies, instructional tools and the challenges they
face when teaching. This thesis primarily targets the second ignored category. Serious
games have shown much promise in education. However, the adoption rate in main-
stream teaching is still low. One of the reasons given for the low adoption rate is that
teachers lack specialised skills to develop games [253, 85, 87, 261, 262, 111, 134].
Meanwhile, there are limited game generator tools that can support teachers to eas-
ily create games. Educators often look to technology to support their teaching. To
this end, some scholars have suggested Technology Enabled Interventions (TEI) such
as game authoring platforms [150, 204]. However, current game authoring tools have
some problems. One of them is that most tools and technology platforms such as the
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Creator3, Game Maker 4, and Mission Maker5 are commercial hence target specialised
developers or game programmers [263]. In addition, current tools are not designed for
use by instructors as they lack pedagogy [261]. Moreover, they support few game play
alternatives such as challenges and activities that can be inserted in educational games
[282, 240, 261]. Marchiori et al. [150, p. 1] reported that usability tests of several
current game authoring tools with educators suggest that they are complicated. The
authors further alluded that the importance of “the authoring workflow suitable for ed-

ucators as target users has not been sufficiently addressed” [150, p. 1]. In other words,
the authoring workflow is complicated.

Another problem is that current authoring tools do not support game design pro-
cesses from domain experts’s (educators’s) perspectives [240, 4, 263] that is there is
limited design role of educators [240, p. 1]. Ahmad et al. note that generally current
game authoring tools “do not implicitly encapsulate any structured process of design-

ing game play from knowledge content of a domain” [4, p. 1]. Indeed, there are limited
works on end user development for serious games [168]. Furthermore, little attention
has been given to studies that demonstrate the effectiveness of current game author-
ing tools and of the authored games [168]. In particular, only few works have explored
game authoring tools for programming games as demonstrated in the analysis in Section
2.6.3.

In view of these, some scholars have underscored the need to (i) create affordable
serious games that are aligned to the curriculum, (ii) involve educators in the design
process, (iii) design game authoring tools that embrace pedagogy and those that can be
used by non programmers [261, 263], and (iv) evaluate the effectiveness of the authoring
tools and the generated games with educators and students [195] to demonstrate their
effectiveness, suitability and educational value [85, 195].

To address the problem of lack of specialised game development skills, teacher-
oriented authoring tools that can allow educators with basic computer skills to easily
create and customise their own educational games have been suggested [85, 134]. It
is hoped that this will also address the problem of the critically low number of serious
games aligned to the curriculum [85, 134]. To add to the current knowledge in this area,
this thesis therefore investigated a game generator tool to support higher education in-
structors to easily create instances of serious games. A game generator is a software
platform that allows non-experts to generate games according to their needs or specifi-
cations [72]. The central argument in this thesis is that supporting CS educators with a
game generator tool could potentially aid them to easily and effectively create serious
games to teach programming. The thesis statement is therefore: The effective use of a

3https://www.thegamecreators.com
4https://gamemaker.nl
5https://immersiveeducation.com/missionmaker
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game generator tool by CS educators can aid them to create custom serious games to

teach programming.
The author is a practicing educator in one of the universities in Kenya. As in other

higher learning institutions, many diverse students are registered in the CS1 course in
the author’s university but a large proportion fail or drop out. Given this experience, the
author developed an interest to investigate other fun ways to teach abstract concepts in
the course.

To make a contribution towards addressing the problem of lack of authoring tools to
support domain experts with little or no game programming skills, this thesis proposed
a serious game authoring tool. This was intended to make it easy for teachers with
basic computer skills to easily create serious games [134, 72, 263]. It was hoped that
findings of this study would demonstrate the: (i) effectiveness of using such a higher
order toolkit by programming instructors, and (ii) educational potential of the generated
games for learning. Effective use of teaching and learning materials or tools has been
cited as an important factor in tackling the difficulty in teaching and learning computer
programming [50].

1.4 Research Questions

To address the research problem, the broad research question is: ”To what degree can

the use of a game generator tool create customised games that teach recursion”? In
particular, this thesis answers three specific research questions:

1. What conceptual attributes must the generator tool take into account in order to

generate games that can teach recursion?
The rationale of this question was to guide the methodical process of identifying
key conceptual attributes (learning and game attributes) necessary to stimulate
the design and development of a prototype game generator tool that could create
playable game instances to teach the recursion topic. To address this question, a
requirements study was conducted. CS1 teachers were interviewed to give design
insights for a prototype game generator tool capable of generating games that
could teach the recursion topic to diverse CS1 students. This culminated in eight
conceptual design principles as discussed in Chapter 3.

2. How effective is the use of a generator tool in creating customised game instances

to teach recursion?
Through empirical evidence, this question was meant to help elicit feedback from
the users to provide evidence on the effectiveness of using the prototype game
generator tool by CS teachers and Trainee Teachers (Trainees) in creating games
to teach the recursion topic. Effectiveness was seen in terms of perceived toolkit
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usability, User Experience (UX), additional benefits, and the educational poten-
tial of the generated games for learning programming. CS1 teachers evaluated
the prototype in usability studies. Collected data was analysed to measure the
prototype’s: usefulness, ease of use, and learnability. Users’satisfaction with the
prototype was also measured. Meanwhile, data collected from CS trainee teach-
ers’appraisal of the prototype was analysed to measure: the Pragmatic quality
(PRA), Hedonic Quality Identity (HQ-I), Hedonic Quality Stimulation (HQ-S)
and Attractiveness (ATT) dimensions to give an indication of the prototype’s ef-
fectiveness using the Attrakdiff UX metrics [94].

3. What is the suitability and educational potential of the generated games to enable

students to learn the topic of recursion?
It is important to note that the work in this thesis is about a game generator tool
and not a game. However, the rationale of this question was to further elicit
feedback from students to provide evidence that the generated games could help
students to learn the topic of recursion. The question is significant as it elicits
feedback that demonstrates that the games are valid from the lens of learners.
Three metrics were used to measure the suitability and the educational potential
of the games, namely the: (i) user experience of CS1 students after playing the
games created from the prototype game generator tool; (ii) game design features
CS1 students found most useful; and (iii) CS1 students’overall opinions about the
educational potential of the generated games to enable them to learn the difficult
topic of recursion.

1.5 Scope

With regard to CS1 topics, this study was limited to the topic of recursion as a case
study. Although a number of problematic CS1 topics were highlighted in Section 1.1,
the choice was motivated by the fact that the recursion concept is powerful and core in
CS [243, 161] as emphasised in the introductory programming courses of every CS cur-
riculum [227, 236] yet students struggle to understand it [276]. Additionally, a recent
review of gamification for learning programming fundamentals found out that most se-
rious games focus on conditionals, iterations, variables, and primitive data types, with
least focus on concepts such as recursion, linked lists, referencing, and abstract data
types [236]. The review considered games designed between 2015 and 2020. Concern-
ing evaluation, it was not within the scope of this thesis to measure student learning
gains or outcomes. Instead, the evaluation focused on two aspects. The first looked at
the effectiveness of using a prototype game generator tool called the Recursive Game
Generator (Recursive Game Generator (RGG)) by CS educators and Trainees in creat-
ing customised game instances to teach the topic of recursion. The second evaluated the
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generated games with students to demonstrate the suitability and educational potential
of the generated games from the lens of students.

1.6 Research Design

The research design adopted for this thesis was the mixed methods approach. This was
because it puts together the strengths of qualitative and quantitative methods [80]. Both
qualitative and quantitative data were collected from CS1 teachers, Trainees and stu-
dents and analysed. The study was conducted in four phases. Phase one involved a pre-
liminary needs assessment study conducted with CS1 teachers to identify the problem
and user needs. This was achieved through an online survey. CS educators identified
CS1 topics deemed difficult for novices. Findings of this study informed the choice of
the recursion topic as a case study to test the prototype game generator tool developed
in this thesis. Recursion was chosen because it was considered one of the most difficult
CS1 topics among others like Abstract Data Types, Pointers and Arrays.

To address the first research question, online interviews were conducted with CS1
educators in the second phase. This provided in-depth insights about the conceptual
design principles during the ideation stage. To gain further understanding of the con-
ceptual design attributes, educator responses to open ended questions were analysed
thematically. In addition, the author supervised three honours students from the depart-
ment of Computer Science at the University of Cape Town (UCT). Three visual aspects
of teaching recursion were investigated. Findings from these studies culminated in eight
conceptual design principles and a user requirement document as summarised in Chap-
ter 3. These outputs guided the third phase (design of the experimental prototype).
This phase adopted the User Centered Design (UCD) methodology. UCD is a design
“approach based on the active involvement of users to improve the understanding of

user and task requirements, and the iteration of design and evaluation” [149, p. 1]. A
prototype game generator toolkit - Recursive Game Generator (RGG) - was developed
through three iterations with the help of two CS1 teachers from UCT as informants.

To answer the second and third research questions on the effectiveness of the pro-
posed game generator tool and the educational potential of the generated games re-
spectively, a combination of evaluation methods was used in the fourth phase. For the
second research question, the methods used included usability surveys using standard
user experience measurement tools such as the Usefulness Ease of Use (USE) ques-
tionnaire [135] and the Attrakdiff questionnaire [94]. In addition, educators provided
final opinions about the prototype game generator tool. The USE questionnaire helped
to measure the prototype’s ease of use, ease of learning, and user satisfaction. The At-
trakdiff questionnaire sought to provide additional insights on the summative evaluation
of the user experiences regarding the usability, the HQ-I, HQ-S and ATT. For the third
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research question, the Game Experience Questionnaire (GEQ) [103] was used to assess
student experience with the played generated games. In additional, final comments gave
further insights about students’sense of the educational value or potential of the played
games.

1.7 Main contributions

This thesis contributes to the body of knowledge in GBL in CSE by investigating and
evaluating a prototype game generator as a potential support tool for non-technical CS
teachers. Non-technical in this thesis refers to those teachers who lack game program-
ming skill. To practicing educators within the CSE community, the thesis offers a novel
game authoring toolkit prototype. To the game development industry, the study pro-
poses design principles that could guide development of future game generators and
serious games. In a nutshell, this thesis contributes to the design, development and
evaluation of an innovative game generator toolkit to support programming instructors
in higher education. Specifically, the following five contributions are envisaged:

1. A proof of concept prototype game generator tool to support non-technical CS1
educators to create programming games to teach the topic of recursion.

2. Conceptual design principles to guide the design and development of a game
authoring tool to teach the recursion topic to diverse novice students.

3. Empirical evidence of the usability of a prototype game generator tool by CS1
educators.

4. Empirical evidence of the potential and suitability of a prototype game generator
tool to support CS trainee teachers during their teaching practice and immediately
when they embark on teaching.

5. Empirical evidence of the effectiveness of the prototype by demonstrating the ed-
ucational potential and suitability of the generated games to enable CS1 students
to learn the recursion topic.

1.8 Organisation of Thesis

Chapter 2 discusses previous work in the research topic. First, a broad survey of pro-
gramming learning difficulty among students is covered. This is followed by a review
of studies specifically about recursion learning difficulty. Afterwards, previous works
on GBL efforts, GBL adoption barriers and conceptual serious games design and de-
velopment are synthesised. This is followed by an analysis of commercial and serious
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game generators with emphasis on the evaluation studies. Finally, research gaps are
analysed and a summary of the Chapter presented.

Chapter 3 attempts to understand the user needs and requirements. It summarises
three studies done to achieve this aim. It starts by discussing a preliminary needs as-
sessment study done to understand the problem and user needs. Next, it presents a user
requirements study conducted to gain insights about the functional and non-functional
system specifications as well as serious games conceptual design principles. Finally, it
discusses an honours project (BBVR - Three visual ways to teach recursion) supervised
by the author as a way of further understanding user requirements.

Chapter 4 presents the design and development of the prototype game generator tool
called the RGG. First, it presents the design goal then analyses the theories that guided
prototype design and development. In addition, it provides justification for the choice
of the hidden complexities and differentiating interfaces theories. The Chapter further
discusses the adopted UCD methodology, the prototype development, game generation,
and the generated games and features designed.

Chapter 5 is on the experimental design adopted to evaluate the prototype game
generator tool designed in this thesis and the generated games. It describes the purpose
of each empirical study, participants, tasks performed, procedures followed, and data
collection and analysis methods. For each experiment, it also discusses the criteria used
to answer the second and third research questions.

Chapter 6 presents the results from the four empirical evaluations conducted in this
thesis. Three with educators while using the prototype game generator tool and one with
students while playing the generated games. First, findings of a usability study con-
ducted with CS educators from Kenya and South Africa are presented and discussed.
Second, results from a user experience study with CS educators from the wider CSE
community are presented and analysed. Third, findings from a user experience evalu-
ation with Trainees from Kenya are presented and discussed. Lastly, the Chapter sum-
marises and discusses results from a game experience experiment with CS1 students
from UCT - South Africa.

Chapter 7 is the last Chapter in this thesis. It concludes the research undertaken by
first presenting a summary of the findings against the research questions. In doing this,
it revisits the thesis aim and the research questions. Next, it synthesises the results and
explains how the research questions were answered. It summarises the contributions
and implications of the research findings. It also covers limitations and future develop-
ment. Finally, it highlights suggested future research directions and the author’s final
reflection.
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CHAPTER 2

Related Work

2.1 Overview

This Chapter presents the related work. The review broadly presents a survey of the
body of work on CS1 learning difficulties, the attempted GBL efforts and game gener-
ators. Section 2.2 presents a broad overview of programming difficulty among students
in higher education. This is followed by a discussion of the recursion topic difficulty
in Section 2.3. Some GBL efforts and conceptual game design are discussed in Section
2.4. Section 2.5 is about barriers to games adoption in mainstream teaching. Existing
game generators, their features and limitations are discussed in Section 2.6. Finally,
Section 2.7 concludes the Chapter by presenting a case for a programming game gen-
erator tool to create games to teach introductory programming.

2.2 Programming Difficulty

Many studies have reported that learning programming is difficult for most students in
higher education [107, 124, 159, 172, 202, 220, 221]. Some have pointed out how diffi-
cult it is to teach the ”Nintendo” generation how to program given their low motivation
levels [89]. Consequently, high failure and drop out rates have been reported in CS1
courses [34, 272, 119]. At the same time, the representation and participation of women
in CS have remained low [78]. This situation has persisted notwithstanding the steady
rise in job opportunities and demand for CS graduates by the industry [268]. In this the-
sis, the literature on studies that have investigated programming difficulty is considered
under those that considered: (1) difficulty by specific programming languages and the
abstract concepts; and (2) difficulty due to other issues/ problems.

2.2.1 Difficulty by programming languages and concepts

Studies under this category have explored difficult concepts/ topics according to stu-
dents and instructors. Difficulty by programming language has also been considered
by some works in this category. Falling in the first group is a recent study that inves-
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tigated Chinese middle students’ difficulties in learning to program in Python [212].
Results showed that students struggled with fundamental Python syntax and program-
ming rules. Similarly, another research project in this category sought the views of
students and tutors when using the C++ language on difficult topics [173]. The authors
singled out pointers, virtual functions and dynamic allocation of memory as the difficult
topics and proposed a visualisation tool. The study also ranked recursion among the top
most difficult topics.

Lahtinen et al. surveyed over 500 students and teachers to find out difficult CS1
concepts with Java and C++ programming languages [124]. Results suggested that the
most difficult programming concepts were recursion, pointers and references, abstract
data types, error handling and using language libraries. In this study, findings on the
difficult concepts was similar for both teachers and students. Regarding programming
languages, the study found out that C++ was more difficult compared to Java.

Schulte and Bennedsen asked university, college, and high school instructors to rate
the difficulty among 28 CS1 topics [234]. In line with the works by Milne et al.[173] and
Lahtinen et al. [124], they also found that recursion, pointers and references are hard
topics. Recursion was rated the most difficult topic in both universities and colleges.
In addition, polymorphism was also considered difficult. According to this study, C++,
Java and Pascal were the programming languages used by most teachers. However, no
comparison was done to determine which of the three was the most difficult.

Bosse et al. carried out a study involving 16 semi-structured interviews with instruc-
tors on Python and C languages and diaries from 110 students on their CS1 learning
difficulties [39]. Results indicated that the difficult topics were: variables; expressions;
functions; Input/ Output functions; selection and repetition structures; uni and multi-
dimensional arrays; and pointers and strings. Meanwhile, Dale surveyed 350 educators
on the most difficult CS1 topics for beginners and reported control structures, Input
Output (I/O), recursion and object orientation topics like inheritance, polymorphism,
methods, classes, instance and static variables [57].

2.2.2 Difficulty by programming issues / problems

The second category of studies have not only looked at programming difficulty from
the perspective of specific programming languages and (or) the abstract concepts/ top-
ics but have also investigated issues (problems) that make learning programming hard.
One such study showed that the course is difficult because of issues like: (i) lack of un-
derstanding how to design a program to solve a certain task; (ii) challenges in dividing
functionality into procedures; (iii) challenges with finding bugs in programs; (iv) stu-
dents overestimating their understanding; (v) lack of practice and application of learned
concepts; and (vi) not understanding programming structure [124].
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Another comprehensive review of literature on programming difficulty found out
that students’misconceptions and other difficulties in CS1 are related to syntax, concep-
tual and strategic knowledge [211]. This was mainly attributed to syntax issues, poor
mathematics knowledge, wrong mental models, students’prior knowledge and program-
ming environments. Another recent study with 771 novice students found that some of
the common challenges students encounter when transiting from one programming lan-
guage to another include syntax, error messages, and the process of compilation [63].

Consistent with findings by Lahtinen et al. [124] and Qian et al. [211], Laporte
and Laman found 10 base programming problems [128]. They grouped them into three
components - namely: (i) process components - problems relating to basic steps in
programming such as design, working constructs, and evaluation; (ii) cognitive compo-
nents such as writing syntax, constructing mental models, and problem solving; and (iii)
affective components - attitude and motivation aspects. Additionally, similar to other
works [128, 44, 124], the study by Dale found two novice programmer issues: (i) prob-
lems involving higher order thinking like problem solving and design; and (ii) student
lack of maturity and study skills [57]. The finding on problem solving difficulty was
recently supported by another research with 113 students [129]. Results indicated “that

students do face a significant level of difficulty when applying problem solving skills in

learning programming languages ” [129, p. 1]. The highest perceived difficulty was
understanding a program without first coming up with it’s algorithm [129].

Meanwhile, in an investigation of the reasons for high attrition rates for CS students,
Beaubouef and Mason [32] reported: (i) poor maths and problem solving abilities; (ii)
poorly designed CS1 courses; (iii) poor advising during and before college; (iv) lack
of practice and feedback; and (v) untrained student graduate teachers, among others.
In another study, when views of five experienced CS1 lecturers were sought on the
issues that make programming difficult to students, respondents suggested lack of skills
such as: (i) critical thinking; (ii) problem solving; (iii) design of algorithms; and (iv)
debugging [44]. Further, lack of self confidence and misconceptions about computing
were mentioned. Recently, another study was conducted with in-service teachers in
attempt to find out what teachers perceive to be difficult in introductory programming
[225]. Out of the issues that make programming challenging for novices, participants
expressed that writing code and pseudo-code to solve a specific problem are the most
difficult [225].

A survey of 158 students who had attended a first year course in programming at
Reykjavik University (RU) in Iceland indicated that novice students found the task of
dividing an activity into functions and classes and finding errors in a program as the
most difficult [156]. Again more recently, a systematic review on teaching and learning
introductory programming in higher education categorised novice programming stu-
dents’difficulties into four [164]. They include: (i) problem formulation - problem
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solving, abstract nature of programming, and algorithmic and logical reasoning; (ii)
solution expression - programming language syntax, control structures, data structures,
structure of code and others; (iii) solution execution and evaluation - debugging and
tracing the execution; and (iv) student behaviour - time management, motivation and
engagement, study skills, confidence and perceiving programming as difficult [164].

Table 2.1 presents a comprehensive analysis of CS1 difficult topics (concepts) ac-
cording to instructors and students from the reviewed literature. It suggests that Re-
cursion, Pointers, Functions, Abstract Data Types, and Arrays are the CS1 topics con-
sidered most difficult. The literature also shows that other than the difficult topics,
algorithm design and problem solving [44, 124, 128, 211]; syntax [124, 128]; and de-
bugging [124, 156] are common issues that make programming difficult. Others are
lack of student motivation, lack of maturity, study skills, student background and poor
mental models.

Although several topics/ concepts and issues have been identified as difficult in pro-
gramming, in this thesis, recursion is used as a case study as explained in Section 1.5.
A tool is proposed to support programming instructors to generate games to teach the
concept of recursion in CS1.

2.3 Recursion Difficulty

Previous studies have pointed out that the recursion topic is difficult for many students
in higher education [172, 146, 233]. The concept is seen as obscure, difficult and mys-
tical for most students [219]. While investigating the topic difficulty, one study found
out that unfamiliarity with recursive activities, difficulty with visualizing program exe-
cution, and difficulty in understanding recursive flow of control are some of the reasons
why students struggle with the concept [105]. Additionally, in a review of over 35
publications on the topic, lack of backward reasoning, misconceptions about base case
and inability to form viable mental models were identified as some of the difficulties
that learners face while learning the topic [160]. Other reasons for the recursion topic
difficulty have been identified as: lack of preparation in logic and maths skills; miscom-
munication between instructors and students; poorly designed instructional books and
topic coverage; poorly designed projects and code examples; ill prepared instructors;
and inadequate localization/ contextualisation [48].

Some works have however argued that the approach taken by the instructor may
either make it easy to learn the recursion topic or not [84, 133, 175]. On the other
hand, while teaching recursion in procedural programming, one study observed that
teachers should first emphasize the declarative and abstract level of divide-and-conquer
and also take precaution to strongly relate to the basic computing model [84]. Mirolo
investigated learning recursion in a multidimensional perspective and suggested that a
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comprehensive model of recursive computation was fundamentally linked to the skills
that allowed learners to apply recursion in problem-solving tasks [175]. While working
with 8th graders, Lonati et al. [133] showed that while relying on self-similarity and
delegation, recursion strategies might be within the proximal development of pupils.

Another study found out that effective strategies for introducing recursion could
include; (i) a description of how recursive methods are processed using a call stack;
(ii) teaching loops before recursion; (iii) using well designed games; (iv) using differ-
ent contexts like recurrence relations; and (v) using programming examples such as
fractal images [160]. The Approach Deployment Result Improvement (ADRI) model
was proposed to enable lecturers to place more emphasis on problem solving strategies
[105]. Additionally, some researchers proposed the use of serious games to demystify
and illustrate the concept [48, 255]. Although, several methods have been advanced to
teach the difficult topic of recursion, a recent study found that there is little evidence to
demonstrate the effectiveness of most of them [142].

Moreover, despite these prior strategies, recursion - a topic traditionally considered
difficult - still remains universally so for novices in developing and middle income
countries as is the case in other parts of the world [17]. Part of the difficulty is because
CS1 attracts a large and very diverse audience [176, 230, 257]. This is further amplified
by the fact that the course is studied not only by CS majors but also students from other
disciplines [230, 53]. This leads to a class of students with mixed abilities and different
motivational needs. As such, the use of serious games to aid teaching difficult topics
such as recursion in the course has been an area of interest to some scholars [48, 58,
130, 255] in an effort to find new and fun ways to engage the diverse net generation
students [193] with learning. Section 2.4 presents a global overview of literature on
some of these GBL efforts and serious games design and development.

2.4 Game Based Learning Efforts and Conceptual Game Design

This thesis is about a game generator tool designed to support CS educators to easily
create games to teach programming using the recursion topic as a case study. In order
to achieve this goal it is important to survey the landscape of existing programming ed-
ucational games and their design features. This potentially inspires the development of
a prototype of the tool under consideration. It offers an opportunity to identify design
gaps and understand the desirable programming game design features. This section
provides a review of serious games specifically designed to teach the recursion topic in
CSE, some conceptual design considerations and the general serious games develop-
ment process.
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2.4.1 GBL efforts

Given the difficulty of recursion, GBL has been proposed as one of the possible inter-
ventions by some computer science education community researchers [58, 255, 209].
This proposal makes even more sense for the sub-Saharan African student who, due
to the lack of infrastructure and low household income, has inadequate exposure to
technology during formative years of schooling [67, 182]. Games have the potential
to increase the motivation of students by keeping them attentive and immersed [81].
Indeed, as is supported by a body of evidence, other reported benefits include self di-
rected learning [247], scaffolding [79, 209], short feedback cycles [60], and strategic
thinking[224]. Wilson et al. report that serious games can improve some aspects of
learner performance such as knowledge retention, problem-solving skills, communi-
cation, motivation and attitude change [274]. Additional benefits include stimulation,
collaboration and adaptability [108]. Acknowledging these advantages, the authors of
a recent study encouraged CS teachers to adopt GBL [118] in teaching. Moreover, an-
other recent study with CS1 found that “games (83%) and STEM (98%) are popular

interests that students perceive as relevant to CS/ coding” [45, p. 5].
Owing to such benefits, some worthy efforts have been made towards developing

programming games to teach the concept of recursion. For example, Dann et al. at-
tempted to teach the concept using visualization with Alice - a 3 dimensional interactive
graphics programming environment [58]. Results suggested that visualization could be
used to develop good intuition about recursion. In another study, Cargo-Bot was a video
game on the Apple iPad where players controlled visual robots by creating simple pro-
grams using a visual language [255]. Findings from the controlled experiment showed
a significant improvement in the ability of students to write recursive algorithms.

Additionally, the work by [255] was built on by Lee et al. [130] with a modification
of the Cargo-Bot game to include a visualization of the program stack and adjusting
the rating system to reward the cleanest and most elegant solutions. Findings showed
an improvement in student learning of recursion over traditional lecture-based instruc-
tion alone [130]. Another study by Chaffin et al.was about Elemental - a video game
that involved completing three programming puzzles [48]. The game demonstrated the
potential of teaching students the concept of recursion by coding Depth First Search
(DFS) for a binary tree then allowing them to visualize [48, 208] the execution.

Table 2.2 presents a comparative analysis of design features of five serious games
specifically created to teach the recursion topic in CS1. They include Elemental [48],
Cargo Bot [255], Light Bot [2], Program Your Robot [113] and Saving cera [26]. The
inclusion criteria used is based on: (i) games data sourced from Association of Com-
puting Machinery (ACM) Digital library, Google Scholar, Institute of Electrical and
Electronics Engineers (IEEE) Xplore, Springer Link, Science Direct; (ii) games re-
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leased between 2000 and 2018; (iii) educational games only; (iv) games for teaching
recursion in introductory programming; and (v) online availability for play.

Elemental the Recurrence, is a game designed to teach students recursive algorithms
[48]. Players write and compile their codes using C#. The first level is a simple ‘Hello
world’program to introduce students to C# programming. Students walk a binary search
tree in a Depth First Search (DFS) pattern - a recursive algorithm. In Level 2 of the
game, learners complete a half way competed DFS algorithm where they code the
movement of a character inside the game [48]. Finally, they compile to visualise the
character traverse the tree. Figure 2.1 is an illustration.

Fig. 2.1 The Elemental Recurrence Game - Level 2 [48]

Cargo-Bot game is programmed on iPad to teach basic programming constructs. To
play the game, a user programs a claw that grabs cranes and moves them [255]. The
movement is controlled by the commands selected by the player. These commands
are available in a toolbox. Thereafter, the chosen commands are dropped in the drop
zones labeled program 1, 2, 3 etc. Once this is done, a player clicks the play button to
visualise the execution of the algorithm by how the craw grabs the cranes and moves
them. Figure 2.2 is an illustration of a game play scenario.
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Fig. 2.2 Cargo-Bot Game Play Scenario [255]

Light bot is a game that teaches programming through solving puzzles. Players
can learn sequencing, overloading, procedures, recursive loops, and conditionals while
playing the game. The game can be played on an Android mobile device. A player
programs a robot to light up boxes by dragging and dropping commands [2]. Some
of the available commands include the right, left, jump, light, step, and break, among
others. Speakers are also designed to allow players to leverage on the sound effect.
Figure 2.3 is an illustration of one game play scenario.

From the analysis of the programming games reviewed in this Section, we learnt that
that Alice, Cargo-Bot and Elemental were successfully in teaching students the concept
of recursion because of the visualisation feature. Meanwhile, Elemental and Saving
Cera games worked in helping students to learn programming by construction due to the
built in Integrated Development Environment (IDE) that allowed coding and debugging.
Cargo-Bot and program your robot games were successful in teaching programming as
they had clear defined learning goals and they offered scaffolding. On the other hand, it
seems the five games did not work because they did not allow for customisation, use of
simple examples and did not consider culture. These lessons were further investigated
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Fig. 2.3 LightBot Game Play Scenario [2]

in Sections 3.3 and 3.4 when understanding user requirements and applied in Section
4.6 (prototype design and development).

2.4.2 Conceptual game design

2.4.2.1 Educational theories and game design

While reviewing literature on theories about game design principles, Gunter et al. [1]
defined game design as the formal methods for specification and planning of content and
features for video games. It is important to balance pedagogy with the entertainment
intentions when designing serious games. However, the challenge lies on mapping core
game mechanics with specific instructional objectives. Constructivist and behaviorist
pedagogical theories [61] could help to understand this mapping.

Proponents of constructivist theory argue that knowledge is actively constructed
by learners who are facilitated by teachers to develop patterns, raise questions, solve
problems and reflect on their ideas [75]. Students learn through active involvement,
experiencing and exploring the world around them [121]. Piaget believes that children
develop cognitive structure through action and spontaneous activity [200]. In his work,
Papert further refines the constructivist theory by adding involvement of learners in the
actual design, construction and creation of artifacts [196]. In order to develop the capac-
ity to learn, Piaget’s constructivist approach to learning is anchored on: (i) stimulating
interest; (ii) initiative; (iii) experimentation; (iv) discovery; (v) play; and (vi) imagi-
nation [200]. Vygotsky contends that learning takes place through social interaction
between the children and adults [270]. This could be extended to the learning that takes
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place between experienced and less experienced learners. Piaget and Vygotsky appear
to share 3 key principles of constructivism [158], namely:

(i) Knowledge is gained when a learner undergoes an experience that enables them
to learn.

(ii) Learners are active builders of their own knowledge through expression and in-
teracting with other people or things in their environment.

(iii) A relation exists between existing knowledge and any new knowledge acquired
by the learner.

Behaviorists on the other hand argue that learning is a system of behavioral re-
sponses to stimuli. In this theory, learning takes place through association, practice,
external motivation and by reinforcing the learned behavior. Learning tasks/ activities
are broken down into sub tasks/ activities and sequenced in a structured order accord-
ing to Bloom’s taxonomy [99]. The tasks are then given to learners to solve. This is
followed by evaluation and reward at each stage, giving learners an opportunity to learn
concepts gradually.

Conceptually, regarding cognitive theory, serious programming games should have
environments where players can gain knowledge through exploration and practice [61].
Meanwhile, Cognitive Load Theory (CLT) underscores the need for explicit teaching
and guidance given the limited working memory [266]. The conceptual design impli-
cation is that the game generator tool should create games capable of reinforcing pro-
gramming concepts already taught in class. The game activities should be designed at
the level of players with clear guidance offered, especially, to the novice learners. Addi-
tionally, game elements such as maps, contextualised help, and objectives’lists should
be designed to avoid players’cognitive overload [61]. Table 2.3 is a summary of the
constructivism and behaviorism theories and the conceptual design implications.

2.4.2.2 Conceptual design attributes/ features/ aspects

Some early works on educational games design include those by Harteveld et al., [93],
Malliarakis et al., [148], McGill et al.,[163] and Merero et al., [167]. For instance,
some of them underscored the importance of thematic conceptualization of educational
games based on a number of aspects to determine what features should be supported
when specifying requirements during design [93, 148]. In particular, Malliarakis et
al. identified features that ought to be considered when designing and developing an
educational game to teach programming [148]. These include: (i) motivating scenarios;
(ii) clearly defined educational goals; (iii) clear problems for students to solve; (iv)
facilitating tools such as a programming editor; (v) information resource (explanation
facility); and (vi) one or many frameworks [148].
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Additionally, this study summarised four conceptual design features supported by
most commonly known educational games for programming as: (i) programming activ-
ities - filling lines of code, answering multiple choice questions, completing missions,
dragging and dropping lines of code, moving characters and writing full code in an
editor; (ii) programming elements - the programming concept(s) to be taught; (iii) pro-
gramming language to be used; and (iv) special characteristics - two/ three dimensional,
online availability and scaffolding [148]. Features such as clear educational goals, prob-
lems to be solved, and programming editor goals are aligned with the constructivism
theory. Laporte and Zaman argued that considering novices’programming problems
such as learning content when designing programming games could yield games that
suit their needs [128].

In a consolidated evidence-based review on the design and use of serious games in
higher education, Lameras et al. [126] identified two key conceptual attributes worth
considering during design. These are learning and game attributes. Learning attributes
include learning activities, learning outcome, assessment, feedback, and role of the
teacher. Game attributes entail levels, game hints, scores, game narration, extrinsic and
intrinsic rewards, avatars, dialogues, rules, challenges, collaboration and competition.

In another study, educational game elements such as narrative context, rules, goals,
rewards, multi-sensory cues, and interactivity were seen as necessary design aspects to
stimulate desired learning outcomes [68]. The learning attributes, game attributes and
the educational game elements are well aligned with the constructivist and behaviorist
learning theories. Some works have recommended that game developers, art designers
and domain experts (teachers) should work together [170, 177]. However, this is not
practically easy [263].

2.4.2.3 Conceptual models

Meanwhile, some scholars have proposed conceptual models [258, 281]. For exam-
ple, when designing educational games for effective learning, Yusoff et al. proposed a
conceptual model comprising of: (i) capability; (ii) instructional content; (iii) intended
learning outcomes; (iv) game attributes; (v) learning activity; (vi) reflection; (vii) game
genre; and (viii) game mechanics [281].

Recently, Canteri et al. [70] proposed the Conceptual Framework for Educational
Games Design (CFW) that uses modularisation approach. In this model, four modules
support the creation of serious games for the deaf children. They include Game Play
and Tutoring, Teaching-Learning, Student/ Player, and Graphics and Interface module
[70]. The Game Play and Tutoring module supports the design of game mechanics
and aligns them with the content the teacher wants to teach. The Teaching-Learning
module encompasses the educational content to be learned and the order in which this
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should take place. The student/ player module gives the learner an opportunity to get
feedback on the success or failure when performing the designed learning activities. It
also adapts the learner’s game play experience to different difficulty levels. Lastly, the
Graphics and the Interface module takes care of issues such as the student interface and
interaction environment, artistic style, scenario, character appearance and color [70].
Figure 2.4 shows the Conceptual Framework for Educational Games Design.

Fig. 2.4 Conceptual Framework for Educational Games Design [70]

On the other hand, in another recent study, Tondello et al. [258] explored person-
alised game design and proposed a trait model and a measurement scale for game play
preferences. In this model, five player traits are proposed as: (i) social orientation -
the extent to which learners/ players are oriented to playing online with others or in the
same space; (ii) aesthetic orientation - player preference for aesthetic experience such
as exploring the game world, scenes etc.; (iii) action orientation - player preference for
challenge; (iv) goal orientation - player preference for competently completing game
quests, tasks etc.; and (v) immersion orientation - player preference for complex game
stories on narratives [258].

The Learning Mechanics - Game Mechanics (LG-GM) model not only combines
learning and game mechanics in the design process of a serious game but also analyses
and assesses the game. The learning mechanics include motivation, exploration, ob-
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servation, reflection, analysis, feedback, participation among others. Meanwhile, some
of the game mechanics are role play, collaboration, tokens, movements, action points,
feedback, game story, and scenes. The model “provides a method to validate the suit-

ability of game mechanics in regards to how they match with different pedagogical

approaches” [4, p. 1].
The Activity Theory Model for Serious Games (ATMSG) is useful during concep-

tual game design since it enables game designers to know early enough at the prototype
stage whether or not a game structure design will support the envisaged pedagogy [47].
According to ATMSG, educational serious games are used in light of four activities:
(i) the gaming activity; (ii) the learning activity; (iii) the intrinsic instructional activity;
and (iv) the extrinsic instructional activity [47]. This model is anchored on the activity
theory with the emphasis that serious games are not considered in isolation but in the
context of a complex system comprising human actors - students, teachers, designers
etc. Also considered is what motivates them to interact with the games. The model
maintains that the leaner can use some educational games by herself/ himself but some
games may require instructional activities and help of an instructor. Consequently, the
model advocates for intrinsic and extrinsic instruction activities during game design
[47]. Whereas intrinsic instruction activity is inside the game i.e. how the game sup-
ports learning using tips, scaffolding, automatic assessments etc., extrinsic instruction
activity is performed prior to and after game play session such as organising a class
session [47].

Another model is the Relevance Embedding Transfer Adaptation Immersive Nat-
uralisation (RETAIN) [88]. It was developed after the authors identified significant
elements between game and instructional design that were either missing or misunder-
stood by game designers and educators. The model was intended “to create games

that would foster learning, retaining, transferring, and naturalizing academic content”

[88, p. 9]. It is anchored on three foundational instructional design theories: (i) Keller’s
ARCS motivational model [114, 115]; (ii) Gagne’s events of instruction [77]; and (iii)
Blooms taxonomy [99, p. 9]. In order to design instructional activities, Keller’s model
depends on four aspects i.e. Attention, Relevance, Confidence/ Challenge and Satis-
faction/ Success [114, 115]. Meanwhile, Gagne proposes nine events of instruction.
Blooms taxonomy ensures game design at different levels of complexity. The RETAIN
model combines elements of the three theoretical foundations into six game design
tenets [88], namely:

(i) Relevance: where learning materials should be provided in away relevant to learn-
ers, their needs and learning styles. Thus, the material should allow learners to
build on already acquired knowledge.
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(ii) Embedding: where learning content should be carefully mapped with game fan-
tasy and immersion.

(iii) Transfer: the design element that ensures that learners/ players can transfer and
apply knowledge to new similar situation or problems.

(iv) Adaptation: the design element that ensures that learners can recognise patterns
and transfer current knowledge to similar new circumstances.

(v) Immersion: where game design should ensure that players are fully immersed
during game play. This can happen at different levels.

(vi) Naturalisation: where a learner can apply the learnt knowledge spontaneously
with minimal cognitive load. Regarding game design, it means that the game is
engaging and motivating to the extent that players/ learners are willing to play it
over and over until it becomes automatic how to play it.

In a recent comprehensive literature review, Ahmad et al. [4] reviewed the: (i) LG-
GM; (ii) Activity Theory-based Model of Serious ATMSG; and (iii) RETAIN serious
game design models. The authors castigated them - alluding that they required knowl-
edge of game design. This makes it difficult for educators to fully utilise them on their
own without involving game designers [4]. Meanwhile, the researchers who proposed
the RETAIN model also recognised the fact that not all the elements are important and
that further studies are needed to establish the elements that need to be weighted more
or less [88]. Table 2.4 presents a detailed summary of common serious games pedagog-
ical conceptual design considerations while Table 2.5 shows those of game play design
consideration as adapted from ([68, 101, 126, 148]).

2.4.2.4 Programming games design

Existing educational games specifically designed with a focus on computer program-
ming do not enable teachers to configure the game environment according to the peda-
gogical goals related to the respective unit of learning [148]. In line with this finding,
another study reported lack of tools, scaling and personalized teaching as the challenges
CS1 teachers face [164]. Meanwhile, the work by Vahldick et al. [265] searched a sam-
ple of games designed and published on the Web after 2000 to improve introductory
computer competencies and presented a summary of 40. Out of these, only 10 taught
the concept of recursion, among other topics. Moreover, only two could allow more
than one language. Additionally, none could adapt their interaction according to evolu-
tion of students [265].

Within the CS research community, countless initiatives have been geared towards
diversity, equity, and inclusion in CS curriculum [45, 51, 101, 132, 178, 188]. The
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hope is to address the shrinking pipeline in STEM [54] and bring on board the un-
der represented minority groups. To bridge this gap, GBL has been tried. However,
conceptually, designing serious programming games that address diversity remains a
challenge. For example, a recent study showed that White, Asian, Hispanic / Latin, and
African American / Black students selected “A lot” 51.83, 48.41, 27.20, and 38.80%
respectively when asked if they had an interest in video games [101]. The tool pro-
posed in this study attempts to create games that consider diversity but in the context
of Africa. Nonetheless, consideration is given to universality in design for world wide
testing.

Although previous studies provide some useful insights on serious games design,
there is a lack of sufficient information and guidelines on how to design and develop
games to teach computing competencies that consider both game play and pedagogy
[29, 108, 163]. Furthermore, most material describing games for teaching computing in
higher education does not explain how these games have been designed and developed
[29]. Additionally, there appears to be no attention given to diversity in design. This is
illustrated in a report by a special working group on game development for CSE noting
significant design challenges and opportunities offered by diverse learners as a result of
different gaming backgrounds [108].

While the early initiatives towards teaching the recursion topic through GBL ap-
proaches are commendable, developing playable educational games still remains diffi-
cult, time consuming and expensive [87, 260]. This hinders domain experts (educators)
with little game programming skills who may wish to use GBL approaches, leading
to low GBL adoption in mainstream teaching [252]. The adoption rate is particularly
low in the context of Africa. Consequently, additional work is desirable if the potential
of GBL is to be fully realised. Section 2.5 offers a review of the barriers to GBL in
mainstream teaching.

2.5 Barriers to GBL Adoption

There has been growing interest in GBL in CSE education [249, 30, 283]. This trend
is being driven by the reported educational value of serious games [155]. Nonetheless,
the adoption rate of GBL in classrooms by teachers remains low [4, 261]. According
to Torrente et al.[261], barriers to GBL adoption in teaching can be attributed to three
broad issues: (i) design stage issues (harmonising educational value and fun); (ii) pro-
duction stage issues (cost); and (iii) deployment stage issues (delivery, distribution and
classroom implementation). It is difficult to design games with educational value that
are aligned with the curriculum [228] and also entertaining at the same time. Moreover,
the production costs are high. The situation is further worsened by ill prepared teachers
and insufficient time in the curriculum [261].
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Battistella and Wangenheim [29] also point out the practical challenge of intro-
ducing games in class considering the planned teaching time in the CS1 curriculum.
Meanwhile, absence of appropriate game authoring tools and support for non-technical
domain experts such as educators has also been seen as slowing down many who wish
to adopt a GBL approach [111, 253]. In fact, results from a survey of 30 instructors
showed that there exists a positive relationship between teacher’s experience in design-
ing games and the actual usage of games for educational purposes [7].

Echoing the same concerns, Bontchev and Panayotova describe three technological
barriers to GBL adoption [37]. These include: high cost of games; difficulty in finding
games relevant to curriculum and difficulty in integrating game and curriculum con-
tents. Another study notes that: (i) failure of technology; (ii) the fact that not everybody
likes games; (iii) the enormous amount of preparation required by teachers within a
limited time in CS1 curriculum; and (iv) the fact that most games are not serious are the
other potential hurdles to games use in introductory computer science courses [30]. On
the other hand, large amounts of development time and expert knowledge required from
developers and educators have also been identified as potential barriers to the adoption
of GBL in teaching [14, 179]. Baek identified six barriers that hinder the adoption of
computer and video games by teachers [22]. These include the: (i) inflexibility of the
curriculum; (ii) perceived negative effects of gaming; (iii) unprepared students; (iv)
lack of supportive materials; (v) fixed class schedules; and (vi) limited budgets [22].
Recently, Ahmad et al. reported that creating customised serious games is difficult,
expensive, and time consuming as it involves instructional designers (domain experts),
game designers and game developers working together [4]. This cooperation is nec-
essary since the domain experts can easily design pedagogical instructions but cannot
code, while game designers and programmers can design and code but cannot design
instructional content [145].

This thesis attempts to address some of the identified barriers by proposing the idea
of a teacher-oriented game authoring tool capable of enabling any teacher with ba-
sic computer skills to easily create and customize their own educational games [134].
Some prior works have reported that authoring tools reduce development time, effort,
and cost as well as lower the skill barrier and allow customisation [6, 91, 169]. The
central argument is that supporting CS educators with a game authoring tool could po-
tentially make them more effective and efficient when creating educational games for
teaching CS1. Specifically, the goal of the current study is to: (i) reduce serious games
production time, cost and effort; (ii) increase integration of fun and educational value
in serious games design; (iii) allow for customisation in serious game design; and (iv)
reduce deployment stage issues. The thesis extends the existing body of work in GBL,
but differently, by adopting a teacher centric approach as in [206]. Next, Section 2.6
presents game generators.
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2.6 Game Generators

A game generator is a software platform dedicated for non-experts that allows users
to generate video games according to their needs/ specifications [72]. In this work,
literature on game generators is discussed under four subtopics: (i) procedural content
generation; (ii) commercial game generators; (iii) serious game generators and; (iv)
empirical evaluation.

2.6.1 Procedural content generation

Within the game design and creation space, only few researchers have considered auto-
matic game generation. Most previous works on automatic game design were predom-
inantly about procedural content generation [74, 87, 153]. Whereas Dong and Barnes
[69] as well as Fernandez-Vara and Thomson [74] investigated procedural puzzle gen-
erators, Green et al. [87] and Khalifa et al. [116] looked at level generators. Mark
et al. [153] investigated procedural generation of 3D caves for games. These works
employed procedural content generation as a way of saving time and automating a set
creation.

While describing a flexible approach to game rule-set generation, the study by Smith
and Mateas [241] considered both automatic game authoring and procedural content
generation. In the commercial area, Gaming 2.0 tools were created to ease the design
process of video games [65]. However, such tools have limitations when it comes to
creating mechanics, story or interfaces relevant to entertainment games. Moreover, the
tools are not suitable for designing serious games.

2.6.2 Commercial game generators

Some well-known low cost game authoring tools in the market include Creator, Game
Maker and Mission Maker. However, they are designed for commercial purposes. Con-
sequently, they lack pedagogical design aspects hence are not suitable for creating ed-
ucational games. The study by Treanor et al.[264] presents another commercial game
generator tool caled Game-O-Matic. This is a simple authoring tool capable of auto-
matically generating simple arcade games in the genre of newspapers using a rule-based
approach based on input that lists objects, actors and their relationships. However, ba-
sic rules are combined into playable games, which might present difficulty to non game
experts as well as non programmers. Moreover, the generator has never been formally
evaluated.
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2.6.3 Serious game generators

Some researchers have attempted to design serious game generators. For instance, e-
Adventure1 is an instructor oriented game authoring tool for educational point-and-click
video games [260, 262]. The tool supports instructors with no programming back-
ground to adapt games already created by others or create their own from scratch. The
generated games are integrated in e-learning platforms as learning objects. Addition-
ally, the platform has a built-in learner assessment mechanism. The editor window
allows instructors to edit elements of a game such as objects, characters, books, and
scenes.

As an improvement on eAdventure, another serious game authoring tool called uAd-
venture was built on top of the Unity game engine [198]. The authors argued that the
eAdventure editor had technologically become obsolete since its deployment relied on
Java Applets, which are no longer supported by most browsers. Further, they claimed
that the authoring tool could only support desktop platforms. Given these limitations,
uAdventure was designed to: (i) address the technical issues; (ii) face the survival is-
sues; (iii) provide a solid base platform to build new educational features; and (iv)
ensure compatibility with eAdventure’s past games [198].

Another work that attempted to improve the serious game authoring process was the
Mokap toolset project [263]. It aimed at two things: (i) making authoring tools easy to
use by the educational community; and (ii) supporting design and analysis stages . The
tool’s efficacy to support agile development of serious games was demonstrated through
the total number of hours (130) and lines of code (9000) used to convert specifications
given by domain experts into the Listen with Nemur game for the hard to hear children
aged between 18 - 24 months old. The authors claimed that the figures were quite low
compared to the industry standards [263].

Eaachak et al. proposed a serious game generator dedicated to non-experts such as
educators to make cross platform serious games [72]. Evaluation results of one of the
generated game prototypes showed that the study participants (five children) enjoyed
playing the game. Regarding the pedagogical objective - teaching children how to use
a computer mouse, there was a remarkable improvement on speed (26.77% faster than
the first attempts)[72].

A semi automatic generator of tactile video games to help visually impaired children
to develop their touch, familiarize themselves with Braille terminals and to help them
in Braille learning was proposed by Sepchat et al. [235]. A few tests were done with
visually impaired adults who were advanced Braille readers and people without any
visual impairment to validate the generated games. Results showed that participants
without visual impairments quickly understood the games, but not those with.

1http://e-adventure.e-ucm.es/ (Accessed May 25, 2020)
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Bouzid et al. [41] suggested a game generator tool capable of generating several
instances of MemoSign game according to user input data and the chosen target plat-
form as an educational technology for deaf learners. As currently designed, it can not
be adapted to create games to teach programming. Furthermore, no experimental eval-
uation was done to evaluate the effectiveness of the tool on creating the MemoSign
game.

Another effort in automatic game generation is the Extensible Graphical Game Gen-
erator (EGG) - an experiment in automated programming [194]. In this experiment the
similarities in poker, chess, tic-tac-toe, rock-paper-scissors and many other classic game
programs are adapted to create a universal game engine called EGG. This generator en-
ables users (game designers with little programming knowledge) to automatically create
playable games by simply describing the rules that differentiate their game from more
generic examples of the genre to the engine. However, in order to generate a new game,
the author must describe the game in terms of the rules of play. As with Game-O-Matic,
domain expert authors may find it difficult to specify the rules. This might prove chal-
lenging for programming instructors with little inclination towards game design and
development.

The study by Landro [127] described a data driven game generator where the logic
resides in data rather than in the system. Users (educators) generate different instances
of games by changing the input data. The generated games consist of assignments,
each being a task to be solved by a player in order to learn system development con-
cepts. Handlers are used to determine the next assignment based on a players response
to the current assignment. A custom handler allows authors to make their own handlers
facilitating extension of the system without changing code. Though the authors per-
formed a qualitative test on the system to evaluate its usability and user friendliness, the
design does not consider conceptual and material elements of game design.

In the health domain, Simulate Coach Review (SimCore) is a framework with an
authoring tool for rapidly creating and editing game scenarios comprising: locations,
props, and events [244]. The tool supports course developers and health care trainers
to rapidly come up with and modify training scenarios through visual editors. The tool
was developed in three spiral cycles with a formative evaluation at the end of each
with health experts. Though an attempt was made to evaluate the tool, it was mostly
formative. A summative evaluation would have given more insight on its usability.
Within the programming domain, Khenissi et al. implemented the Learning version
of Pacmac Game Generator (LPG) and the Instruction Right Place Game Generator
(IRPG) to enable teachers to create games in 4 and 5 simple steps respectively [117].
For instance, using IRPG, a teacher could create an instance of the IRP game using the
following simple steps:

(i) Step 1: Add game name and assign level.
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(ii) Step 2: Write the questions.

(iii) Step 3: Write solution to the questions.

(iv) Step 4: Add an evaluation question.

(v) Step 5: Click save to create game.

Although IRPG uses simple steps, the generator is designed to solve problems in
the Maple programming language. Similarly the LPG tool teaches the Maple program-
ming language. The generator in this thesis seeks to deviate from these two by aiding
teachers to easily create games to teach novices programming by practicing Python pro-
gramming - one of the most popular language for teaching introducing programming to
novices[33, 131, 213, 223, 238].

Machiori et al. present the Writing Environment for Educational Video Games
(WEEV) system - an instructor oriented game authoring tool [150]. The tool is im-
plemented using three separate tools: an actor editor, story editor and a world editor.
Meanwhile, Torrente et al. observed that one major limitation of current game author-
ing environments is the fact that they do not support game design processes from the
domain experts’(educators’) point of view [263]. They argue that this limits the partici-
pation of this category of important stakeholders and hinders adequate communication
of user requirements from a pedagogical point of view as well as support for agile/ rapid
prototyping. The design and development of the game generator tool in this thesis puts
programming instructors at the center stage as key informants.

Yaelle et al. [49] developed an assessment engine called EngAge for serious game
developers and educators. The tool’s visual editor allows teachers to create and modify
games based on the needs of their students. The aim of the study was to address three
reasons why teachers do not trust serious games assessment - namely: the feeling of not
being in control, lack of games ownership and lack of detailed reports on game play to
demonstrate student learning [49]. Empirical evaluation with teachers and developers
demonstrated the usability of the tool. The main focus of this work was a game as-
sessment engine. The current work focuses on a game generator platform capable of
creating games to teach programming.

2.6.4 Empirical evaluation

In order to provide reasonable evidence to show that an educator could effectively use
a game generator (authoring) tool to create an educational game, there is need for em-
pirical evaluation. Some researchers take the view that empirical evaluation of a game
generator tool ought to be pegged on finding out how well the generated games score
against the generation criteria [13, 55, 151, 195]. Such criteria are the targets set by
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the tool designers such as game: (i) quality; (ii) inventiveness; (iii) video/ audio excel-
lence (iv) length (v) constraints on solvability; (vi) mechanics; or (vii) any other design
parameters. They claim that human judges through user experience evaluation could
measure the success or otherwise of a game authoring tool. Some authors have iden-
tified usability evaluation criteria for game authoring tools for teachers as: (i) easy to
learn; (ii) error prone; (iii) efficacy; and (iv) efficiency [24]. Some empirical studies
and their results follow.

Study 1
Osborn et al. conducted pilot studies using questionnaires and a controlled experiment
with 76 students to see whether a generator called Gemini could create interpretable
games [195].

(i) Result 1: Participants agreed with the tool about lower level mechanics present
in games.

(ii) Result 2: Participants successfully identified mechanics of two games.

(iii) Result 3: Participants did not extract high level meaning of games given abstract
design.

(iv) Result 4: No statistical relationship was seen between how 2 groups of players
understood mechanics and how well they could interpret meaning from it.

Study 2
Khenissi et al. conducted an experiment with 167 first grade students of a tertiary school
in Tunisia to evaluate the effectiveness of serious games created using IRPG and LPG
generators compared to learning versions of existing games [117].

(i) Result 1: Suggested a positive impact on students’knowledge gain.

(ii) Result 2: Answering a questionnaire on usefulness, ease of use, intention to use,
and attitude towards use metrics, students found generated serious games satis-
factory.

Study 3
Anderson et al. conducted a controlled experiment with 43 undergraduate students to
find out the psychological reality of procedural rhetoric [13]. They investigated whether
or not the participants through their lived game play experiences could be able to inter-
pret expert’s rhetoric game design intents.

(i) Result 1: Players understood that two games intended to have arguments had
them, except the abstract game (control) and that procedural rhetoric had psycho-
logical reality.
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(ii) Result 2: Even if participants understood the goal of a procedural rhetoric argu-
ment in game creation, impact on their thoughts may not be the same as author
intended.

Study 4
Eaachak et al. conducted a simple study with five children to evaluate the educational
and entertainment value of a game generator tool [72]. The educational aim of the first
game created was to teach children mouse skills.

(i) Result 1: Improvement on the mouse skills of the children.

(ii) Result 2: The children enjoyed playing the game.

Study 5
Gaeta et al. [76] carried out a usability study on an authoring tool for creating Story-
telling Complex Learning Objects (SCLOs) in the ALICE project. The tool is made up
of two components; an editor and a player and uses Microsoft Foundation Framework
v3.5. Usability result was found to be relatively low. A System Usability Score (SUS)
of 60.625 close to the satisfactory threshold of 68 was reported with minimum score 45
and maximum 77.5.

Study 6
Marchiori et al. [150] evaluated the WEEV system - a game authoring platform built on
e-Adventure. Three evaluations were conducted: (i) formative (ii) end-user evaluation
and (iii) game creation. The first two evaluations did not involve creating educational
games. Instead, they assessed the impression and perception of educators.

(i) Result 1 - formative evaluation: 20 students found some information in the system
excessive. Additionally, they appeared not to value the usefulness of the software.

(ii) Result 2 - end user evaluation: the tool improved the game creation process of
nine educators who showed interest in using the tool. They also found the abil-
ity to test games as they are being developed useful but noted that the tool was
complex to use.

(iii) Result 3 - tool testing by an English educator provided useful feedback from both
pedagogy and usability standpoints.

Study 7
Tornero et al. developed e-Training DS - an authoring tool for integrating portable
computer science games in e-learning [259]. The tool allows instructors to maintain a
library of mini games that can be easily created by customising generic game patterns.
In a case study, the time taken to create and modify the game and its assessment was
measured. Results showed that the process was feasible for an educator. Results showed
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that most tasks (65%) were rated as simple. For example, non-technical users (teachers)
who had not interacted with the tool before found the story creation task much simpler.
Meanwhile, there was positive feedback from more technical users while all users found
the manual helpful. Nonetheless, participants identified 29 issues/difficulties with the
tool for consideration.

Study 8
Perez-Colado et al. conducted the first preliminary user experience evaluation of the
uAdventure authoring platform [210]. The tool was evaluated by heterogeneous users:
(i) non-technical users - teachers (n=2), (ii) artists (n=2) and (iii) programmers (n=6)
with different degrees of technical knowledge. The aim of the evaluation was to find out
the issues/ difficulties with the tool. The difficulty of each performed task was measured
on a scale of four levels: easy, normal, difficult or not-accomplished [210]. Another aim
was to verify that users were able to:

(i) develop point and click game examples.

(ii) create non-linear stories with multiple endings.

(iii) automatically develop own stories.

(iv) build their games.

Study 9
Recently, another study performed a qualitative evaluation of zeusAR - a game gener-
ator tool designed to generate Augmented Reality Serious Games (ARSGs) [152]. The
generated games were targeted at teaching geometry to secondary students. A usability
evaluation was done with ten geometry teachers. The standard System Usability Scale
(SUS) questionnaire was used. In addition, a performance analysis was done with 20
participants (the ten teachers and a team of facilitators drawn from different schools).
The 20 who were both programmers and non-programmers used the generator tool to
generate SGs [152]. Results of the usability questionnaire indicate that “in most of the

survey items the arithmetic mean is either equal to or higher than 3.5” [152, p. 2926].
Further, the authors argued that the users had a favourable user experience and con-
cluded that zeusAR was interactive and easy to use. Regarding performance analysis,
results show that “both expert users and non-expert users can generate ARSGs in rel-

atively short period time regardless of the complexity of the generated games ” [152,
p. 2928].

2.6.5 Analysis of the evaluation studies

Whereas the studies by Khenisi [117] and Eaachak et al. [72] evaluated the educational
potential of the generator tools with students (the secondary users), those by Gaeta et
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al. [76], Perez-Colado et al. [210], Marin-Vega et al. [152] and Tornero et al. [259]
conducted UX and usability studies to demonstrate the effectiveness of the generator
tools with teachers (the primary users). Marchiori et al. [150] evaluated both the ed-
ucational potential with learners and the usability and UX with teachers. Meanwhile,
only the studies by Osbon et al. [195] and Anderson et al. [13] were controlled. In 2
studies, only 5 participants took part-raising the question about generalisability of the
results. Table 2.6 is a summary of the reviewed empirical evaluation studies of serious
game generators.

2.7 Summary

This Chapter has presented a comprehensive review of related work. An overview of
programming difficulty has been discussed in Section 2.2. The recursion topic difficulty
was then presented in Section 2.3. Section 2.4.1 provided an overview of some GBL
efforts while Section 2.4.2 highlighted conceptual game design. Section 2.5 explored
barriers to GBL adoption in mainstream teaching. Lastly, Section 2.6 was on game
generators with Section 2.6.2 specifically discussing commercial generators while 2.6.3
serious game generators. Section 2.6.4 was about empirical evaluation of serious game
generators. Lastly Section 2.6.5 analysed the reviewed evaluation studies.

The reviewed literature suggests that programming is difficult for novices. As a way
of dealing with the difficulty, GBL has been proposed. However, the adoption rate in
mainstream teaching is low. Meanwhile, developing games is difficult, time consuming
and expensive [111]. Lack of game authoring tools that can support instructors who
wish to adopt GBL but have little game development skills has been identified as one
of the adoption barriers [110].

For relevance to the broader CSE community, there is need to provide empirical ev-
idence of the usefulness and effectiveness of using such tools by instructors. However,
contrary to this expectation, the few studies that have attempted to demonstrate this are
not in the programming domain.

Regarding empirical evaluation, Table 2.6 indicates that not much has been done
to test the idea of serious game generators, particularly, to assess their usefulness, effi-
ciency, and effectiveness through empirical user experience studies with educators. It
appears that none of the current works on serious game generators has considered and
evaluated a game generator tool capable of creating games to teach CS1 in higher ed-
ucation. This thesis hopes to fill this gap. Next, Chapter 3 presents a summary of 3
studies conducted to identify the problem and gather user requirements.
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Table 2.1 Analysis of Difficult Programming Topics According to Instructors and Stu-
dents

Study Subjects Topic (Instructors) Topic (Students)

Bosse et al.
[39]

Instructors
(N=16) and
students (N=110)

Functions, Arrays, and
Loops.

Functions, Uni/
Multi-dimensional
Arrays and Loops

Peteira and
Costa [202]

Instructors
(N=10) and
students (N=64)

Pointers and
references, Structured
Data Types,
Arrays,Error handling
and Parameters, using
language libraries

Pointers and
references, Parameters,
Structured Data Types,
Abstract Data Types,
Error handling

Lahtinen
[124]

Instructors
(N=34) and
students (N=559)

Recursion, Pointers,
References, Abstract
Data Types, Error
handling and using
language libraries

Recursion, Pointers,
References, Abstract
Data Types,Function,
Classes and Error
handling

Milne and
Rowe [173]

Instructors and
students (N=66)

Pointers, Virtual
functions and Dynamic
Memory Allocation

Pointers, Virtual
functions and Dynamic
Memory Allocation

Schulte and
Bennedsen
[234]

Instructors
(N=246)

Polymorphism,
recursion, pointers and
reference

Dale [57]
Instructors
(N=350)

Control structures, I/O
and recursion and
object orientation
topics like inheritance,
polymorphism,
methods, classes,
instance and static
variables
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Table 2.2 Educational Games Designed to Teach Recursion (Elem= Elemental, CB=
CargoBot, LB = LightBot, PYR = Program your Robot, SC = Saving Cera)

Game Feature Elem
[48]

CB
[255] LB[2]

PYR
[113]

SC
[26]

Supports writing code ✓ ✕ ✕ ✕ ✓

Stack visualisation ✓ ✓ ✕ ✕ ✕

Debugging feature ✓ ✕ ✕ ✓ ✕

Drag and drop actions ✕ ✓ ✓ ✓ ✕

Goals aligned ✕ ✓ ✕ ✓ ✕

Learning by construction ✓ ✕ ✕ ✕ ✕

Offers scaffolding ✓ ✕ ✕ ✕ ✓

Freedom to explore level ✕ ✓ ✕ ✕ ✕

Allows customisation ✕ ✕ ✕ ✕ ✕

Considers culture ✕ ✕ ✕ ✕ ✕

Uses simple examples ✕ ✕ ✕ ✕ ✕
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Table 2.3 Constructivism and behaviourism pedagogical theories and conceptual Seri-
ous Games (SGs) design (Adopted from [99, 158, 277])

Constructivism theory Behaviorism theory
How does learn-
ing occur?

Emphasis is on creating meaning When a proper response is
demonstrated to a specific stim-
uli.

What factors in-
fluence learning

Learner and environmental fac-
tors

External stimuli.

How does prior
learning affect
new learning?

Engaging the learner in the ac-
tual use of tools in a real world
situations

Through generalisation.

Game rules Stresses the interaction among
players and games, which are so-
cially constructed.

Players learn the rules as mech-
anisms of the game in order to
know what can be done and what
cannot be done

Game play Views learning as a social pro-
cess and is not limited to the in-
dividual

Players know their goals and
achieve these goals through
stimuli-reaction process

Game narratives Individual’s perception of the
game world is constructed by
players interacting with each
other.

Treat players as machines to be
filled with information and they
are expected to passively absorb
the narratives.

Implications
of theory on
conceptual
design

(i) Design should promote ac-
tive learning through construc-
tion and exploration; (ii) the pro-
gramming environment in the
generated games should pro-
vide feedback mechanisms to
the players when they make er-
rors; (iii) the programming inter-
face presented to novice learners
should be as simple as possible;
and (iv) pedagogical tasks at dif-
ferent game levels should be de-
signed to support players to cre-
ate new knowledge by building
on the previous knowledge

(i) from the game play point
of view, design clear buttons
or commands to elicit specific
reactions when invoked by the
player. For example, click-
ing button A may result in a
character moving forward while
typing the command RIGHT()
may mean moving right; (ii) de-
sign clear game reward systems
through trophies, leader boards,
badges, and points; (iii) for the
game narrative, aspect design
cut scenes or textual information
from non player character.

Table 2.4 Summary of Pedagogical Conceptual Design Considerations

Specify learning goal
Identify tasks within the game
Base design on constructivist theories
Provide immediate feedback
Provide help / explanation facilities
Provide scaffolds/ support
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Table 2.5 Summary of Game Play Conceptual Design Considerations

Design challenging games
Design a coherent world
Consider real places/ people/ culture
Link metaphors with learning objects
Design to allow coding practice
Provide scenarios adapted from real life

Table 2.6 Summary of Empirical Evaluation Studies

Study Subjects Number of participants

Osborn et al. [195] University and college students 76
Machiori et al. [150] University students and educators 30
Khenisi et al. [117] Tertiary school students 167
Anderson et al. [13] Undergraduate students 43
Gaeta et al. [76] University students 20
Eaachak et al. [72] Children 5
Pez-Colado et al. [210] Teachers, artists and programmers 5
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CHAPTER 3

Understanding User Needs and Requirements

3.1 Introduction

This Chapter presents three studies conducted to understand the needs and requirements
of higher education CS1 educators. First, topics that novices find most difficult in CS1
were identified in a preliminary needs assessment study. This formed the basis of the
problem. In the second study, potential users were given an opportunity to express their
requirements and expectations. Lastly, study three investigated three visual approaches
of teaching recursion with games. From these studies, we elicited requirements for
designing the prototype game generator tool architecture. Results provided an oppor-
tunity for the ideation and conceptualisation of game design solutions to the identified
problem. Contributions of this Chapter are:

• It presents studies on teaching CS in the context of developing countries that
could be extended to other parts of the world.

• It highlights factors affecting teaching the recursion topic via games and suggests
practical ways to address them as well as suitable teaching analogies.

• Theoretically, it proposes design principles that could guide the creation of pro-
gramming serious games to teach diverse learners in CSE.

The rest of the Chapter is structured as follows. Section 3.2 presents details of
problem identification and a needs assessment study. Section 3.3 outlines a conceptual
study conducted with 17 CS1 educators to elicit user requirements. Lastly, Section 3.4
summarises a study on three visual ways of teaching the recursion topic with games.

3.2 Study 1: Preliminary needs assessment

This study identified the most difficult CS1 topics and problems novices face when
learning programming. The immediate problems/ needs of introductory programming
lecturers from Kenya and South Africa when teaching novices CS1 were singled out.
In middle-income and low-income countries, it is not necessarily the case that students
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will have the same educational background and so may learn differently. Supporting
this argument, Pillay and Jugoo [201] indicated that students whose first language was
the same as the language of instruction (English) performed better in programming
than those whose mother tongue was not English in a South African study. Dlodlo
[191] through a study of a rural village in South Africa found that language barrier,
shortage of equipment, lack of Internet access, shortage of Information and Commu-
nication Technology (ICT) teachers and experts, inadequate access to hardware and
software, and illiteracy were among factors that hindered ICT education for girls and
women. Realising the challenges students who have poor background in computational
and algorithmic thinking face in learning Computer Science, Barr and Stephenson [28]
advocated for the inclusion of these skills in the K-12 syllabus.

People learn differently in different circumstances. However, we cannot predict
how students learn when the circumstances are different, therefore we cannot assume
that the topics they are going to find difficult to learn are going to be the same in pro-
gramming. It was therefore hypothesized that, because of their circumstances, students
from middle-income and low-income countries would find introductory programming
courses far more difficult compared to others from other parts of the world. Meanwhile,
there is growing interest in the CS community to understand the issues and difficult
topics for novices. Many works have indicated that recursion and parameter passing are
difficult topics for most students [124, 10, 280]. There is a consensus in the works of
Ambrõsio et al. and Malik and Coldwell-Nelson [10] that recursion is the most diffi-
cult and misunderstood concept. Another topic considered difficult is arrays [10, 280].
Though identifying student’s misconceptions and difficulties is regarded as a key com-
puter science teacher’s competency, relevant research on this topic is not fully devel-
oped in the CSE field compared to mathematics and science education [211]. Therefore,
the preliminary needs assessment study sought to answer two questions:

1. What do lecturers from middle-income and low-income countries perceive as

the topmost issue that makes learning introductory programming difficult among

novices?

2. What syllabus content is most difficult for novices and is it the same as for other

students from other parts of the world?

3.2.1 Methods

Ethical clearance was sought from the Faculty of Science Research Ethics Committee of
the University of Cape Town. The purpose of the study was explained to potential lec-
turers teaching introductory programming courses during the annual Southern African
Computer Lecturers’Association (SACLA) 2018 conference. Randomly sampled lec-
turers were requested to share their contacts and years of experience in teaching the
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course. The other participants from Kenya were recruited through snowball sampling.
In phase one, in-depth interviews were conducted with five experienced lecturers who
had taught the course for more than 10 years. One of the lecturers had taught introduc-
tory programming courses for 14 years, three for 13 years while another for 18 years.
In phase two, additional data was collected through an independent online survey with
30 lecturers. Though the sample size could be considered small, the study only targeted
lecturers who had taught introductory programming courses in the recent past.

In a previous study, a questionnaire was used to identify priority topics for devel-
oping a program visualization environment for students [44]. The online questionnaire
used was informed by this prior work. In phase one of the study, one of the items asked
the five experienced lecturers to mention the problematic issues as well as topics they
felt were most critical to teach in the course. These were used to identify the candidate
topics and issues to include in the online questionnaire. A summary of some of the
topics follows:

(i) Programming basics.

(ii) If statements.

(iii) Loops.

(iv) Arrays.

(v) Functions.

(vi) Recursion.

(vii) File and exception handling.

On the issues making the course challenging and difficult to learn by novices, the
following were reported:

(i) Misconceptions about computing.

(ii) Lack of critical thinking skills.

(iii) Lack of problem solving skills.

(iv) In ability to design algorithms.

(v) Lack of confidence.

(vi) Lack of debugging skills.
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The above topics and programming issues, among others, were considered and re-
fined then used to design expert interview guide questions (See Appendix A) and an
online questionnaire (See Appendix B). Topics that lecturers deemed most difficult for
novices in introductory programming were investigated. Additionally, issues that make
learning programming difficult were explored. For data analysis, Thematic Content
Analysis (TCA) was done on the collected qualitative data. Open coding was used to
organise the interview data to come up with initial categories. Axial coding was then
applied to establish the relationships between the initial open codes. Further analysis
of the axial codes was then conducted to single out final selective codes. Additionally,
descriptive statistics was used.

3.2.2 Result 1: Demographic Information

This Section presents the demographics of the 30 participants in the second phase of the
study. When grouped by region 16 (53%) came from Kenya. Another 14 (47%) were
from South Africa. Regarding work experience in-terms of the the number of years
they had taught CS1 courses, five (17%) reported less than three years, seven (23%) 3-5
years, 11(37%) 5-10 years, six (20%) 10-15 years. Finally, one respondent said that
they had taught introductory programming courses for over 15 years. It is worth noting
that most of the lecturers had between five and ten years of teaching experience. Re-
garding the programming language, participants were allowed to choose more than one
language which they had used in the recent past to teach the course. C++ was selected
by 16(53%). This was followed by Java 15(50%) then C 13(43%). Other languages
(Visual Basic, C#, SQL and PHP) was selected by another eight participants (27%).
Lastly, Python language was chosen by six (20%) lecturers - all from South Africa. Al-
though the work by Koulouri et al. note that teaching introductory programming with
a language with simple syntax such as Python improves the ability of students to learn
programming concepts [123], the results suggest that many CS1 teachers from Kenya
and South Africa still use languages which are perceived to present difficulty with re-
gard to syntax and semantics to novices such as C++, C and Java. A summary of the
demographic information of participants of the second phase of the study is presented
in Table 3.1.

3.2.3 Result 2: Programming issues

Regarding issues that make programming difficult among novices, content analysis of
qualitative interview data revealed that problem solving was the topmost issue. Di-
rect phrases from respondents that pointed to this theme represented 48%. This was
followed by algorithm design (20%), student background (14%), teaching approach
(10%), and debugging skills (8%). Among the respondents surveyed, 80% indicated

41



Table 3.1 Demographic information

Variable Category Freq Percentage
%

Country Kenya 16 53
South Africa 14 47

Experience Less than 3 years 5 17
3 - 5 years 7 23
5 -10 years 11 37
10 - 15 years 6 20
Over 15 years 1 3

Language C++ 16 53
C 13 43
Java 15 50
Python 6 20
Others(Visual Basic) 8 27

that problem solving was either difficult or very difficult suggesting that it was a prob-
lematic area. This was followed by ‘programming logic’, ‘debugging’and ‘translating
logic to code’, with 70% for the total of very difficult and difficult in each case. A
Summary of descriptive statistics data is presented in Table 3.2, where 1 means very
difficult, 2 difficult, 3 neutral, 4 easy and 5 very easy.

Table 3.2 Issues making learning programming difficult for novices

1 2 3 4 5

Designing Algorithms 22% 33% 30% 13% 0%
Using IDE 0% 17% 37% 37% 10%
Debugging 20% 50% 23% 7% 0%
Programming logic 10% 60% 27% 3% 0%
Syntax and semantics 13% 40% 30% 17% 0%
Control structures 7% 43% 40% 10% 0%
Problem solving 33% 57% 10% 0% 0%
Translating Algorithms to code 23% 47% 23% 7% 0%
Tracing through code 20% 47% 27% 7% 0%

3.2.4 Result 3: Difficult CS1 Topics

Following Thematic Content Analysis (TCA) of key phrases and words from survey
responses, four subcategories emerged: (i) recursion (ii) loops (iii) arrays and (iv) func-
tions. Phrases that depicted recursion as a difficult concept to learn appeared 22 times.
Words and phrases indicating loops appeared 13 times, followed by arrays nine times
and, lastly, functions seven times. As such, content analysis of qualitative interview
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data on the perceived difficult topics placed recursion on top with 43%, followed by
loops (25%), arrays (18%) and functions (14%). Meanwhile, results from the survey on
the same question showed that recursion and Abstract Data Types were considered the
most difficult topics for novices. Table 3.3 presents a summary of the results, where 1
means very difficult, 2 difficult, 3 neutral, 4 easy and 5 very easy.

Table 3.3 A summary of results on difficult CS1 topics

1 2 3 4 5

Variables and algorithms 0% 7% 23% 50% 20%
Data Types 0% 10% 23% 53% 13%
Expressions and semantics 3% 17% 23% 43% 10%
Input and output handling 3% 13% 33% 43% 7%
Sequential structures 0% 27% 47% 23% 3%
Looping structures 13% 43% 30% 13% 0%
Arrays 23% 67% 10% 0% 0%
Function definitions 13% 50% 30% 7% 0%
Parameter passing 30% 50% 17% 3% 0%
Recursion 57% 33% 10% 0% 0%
Abstract Data Types 57% 33% 10% 0% 0%
Files 27% 53% 13% 7% 0%
Testing 33% 37% 30% 0% 0%
Recursion 20% 60% 10% 10% 0%

3.2.5 Discussion

Results from this study suggest that recursion, arrays and abstract data types are consid-
ered as difficult topics for most novices. Recursion is believed to be the most difficult
topic, as also reported in some previous works [146, 124, 280]. On the other hand, prob-
lem solving is identified as the topmost issue that makes learning programming difficult
among novices. Given these findings, we argue that despite the different learning situa-
tions, topics traditionally considered difficult for novices universally remain the same in
middle-income and low-income countries as in other parts of the world. Consequently,
as a case study in this thesis, the recursion topic was used to test the idea of a serious
game generator tool to support CS1 instructors.

3.3 Study 2: Requirements Analysis

Following the successful identification of the problematic CS1 topic in the preliminary
needs assessment study, a second user study was conducted to analyse requirements
from higher education CS1 teachers (the potential users of the proposed approach of
a game generator tool). The main objective was to investigate key conceptual design
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aspects that could be considered when developing a prototype of such a tool. The study
also looked at the aspect of diversity in the design of games as an intervention in CSE.

The debate on diversity in CSE is not new. The early work by Camp [46] brought
to the attention of the community the declining number of female graduates in CS,
pointing out the urgent need for gender inclusivity. Further, the community was called
upon to come up with innovative ways to attract and retain students, particularly female,
in CS to address the shrinking pipeline. Reiterating low enrollment rates and the lack of
diversity in Computer Science education, Bruckman et al. called for changes across the
CS pipeline [43]. In South Africa, some works have recognized the diverse nature of
most classrooms as demonstrated by efforts aimed at preparing lecturers to cope with
and handle students from culturally and economically divergent backgrounds [25, 222].
In the requirements elicitation study, diversity refers to differences among students due
to race/ gender as well as diversity in: (i) motivations, learning needs, educational level;
and (ii) academic/ skills as well as cultural and economic backgrounds [176, 257].

Lecturers of CS1 encounter diverse multitudes of students [176, 257], bringing with
it many challenges [176]. Guzdial and Soloway reiterate that most of these students -
the Nintendo or MTV generation - are not easy to motivate using invisible and abstract
traditional teaching approaches[89]. As such, using old teaching techniques may not be
beneficial when engaging with them in the classroom. Probably, new approaches such
as digital GBL could be worthwhile. To this extent, some works have suggested the
use of games to motivate this generation of students who apparently like engaging with
multimedia and animations [89] as well as games [148]. For instance, in South Africa,
given the Apartheid system and the diversity of this generation of students entering
universities, a pedagogical design for teaching novice programmers CS1 within the
local context was proposed [51]. One of the design principles involved students using
construction tools such as puzzles and games while interacting in small groups and
speaking in their local languages - mainly Zulu. The results seemed promising [51].

Despite such early efforts, there still appears to be no consideration for diversity in
serious games design. This was echoed in a report by a special working group on game
development for CSE that noted the significant design challenges as well as opportu-
nities presented by different learners given varied gaming backgrounds [108]. If the
motivational need of the 21st century learner is to be met through the GBL approach
then design needs to cater to diverse students, especially in CS1 courses. Given these
revelations, coupled with the well known difficulty of the recursion topic among stu-
dents [17, 124, 160, 172, 234], the purpose of this study was to identify the needs of
CS1 educators and particular groups of learners with an attempt to understand how pro-
gramming games that appeal to diverse learners could be designed. The study had three
specific objectives:
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1. To find out the teaching practices used by programming lecturers in Kenya (low-

income country) and South Africa (middle-income country) when teaching under-

graduate novice students the recursion topic.

2. To investigate the examples/ analogies suitable for designing games to teach the

recursion topic to diverse novice students.

3. To explore conceptual design considerations deemed useful when developing a

game authoring tool to create games that can teach diverse novice students the

recursion topic.

By answering these questions, the novelty and hence contributions of this particular
study are as follows:

1. It is a unique study on teaching CS in developing countries that could be extended

to others.

2. It highlights factors affecting teaching the recursion topic via games and suggests

practical ways to address them as well as suitable teaching analogies.

3. It proposes design principles to guide the creation of programming games to teach

diverse learners.

3.3.1 Methods

The three objectives were addressed by interviewing 17 CS1 lecturers from higher
learning institutions based in Kenya and South Africa. Four participants were female
and 13 were male. Of the females, three came from South Africa and one from Kenya.
Among the males, five were from Kenya and eight from South Africa. Twelve respon-
dents (70%) were very experienced. Overall, the most experienced had 30 years and
the least three years of experience. One of the participants, a professor and an expert
in game development, was recruited on purpose to give insights from the game design
and development perspective. Six respondents had used games in teaching. Four of
the six (66%) had personally designed the games used. Consequently, the data gath-
ered was considered relevant from both pedagogy and game design perspectives [260].
All the participants from South Africa were recruited from the Southern African Com-
puter Lecturers’Association CS1 lecturers’ list created in 2018. On the other hand, it
was convenient to recruit respondents from Kenya because of the already established
contacts.

Ethical clearance was first sought from the Faculty of Science Research Ethics Com-
mittee of the University of Cape Town and relevant institutions. Invitation emails were
then sent out explaining the purpose of the study to the potential participants. There-
after, interviews were scheduled with the 17 willing participants. This was followed by
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sending written informed consent forms for signing before the interviews. Each inter-
view lasted an average of 45 minutes. The interviews were structured to have focused
topics aimed at eliciting particular themes relevant to the focus of the research. The
interviews contained questions about the teaching experiences, game adoption barriers,
teaching practices (e.g. teaching time and class examples) as well as the recommenda-
tions on suitable teaching analogies for designing games to teach the recursion topic to
diverse students. Additionally, there was a question regarding what the lecturers thought
could guide the design and development of a game authoring tool capable of creating
different games for diverse students (See the interview guide for teachers in Appendix
B).

As the interviews progressed, recurrence of similar data started to emerge. By the
final participant, data collection reached a point where no new insights were generated
i.e. data saturation was reached [248]. At this point, no new participants were recruited.
Skype interview sessions were recorded using FlashBack Express video screen recorder.
For the respondents interviewed face to face, recording was done using a mobile phone
audio recorder. A game expert validated the findings. Regarding analysis and pre-
sentation, findings were manually transcribed and summarised into textual data using
Microsoft Word. This was followed by TCA [15, 245, 273]. TCA is a descriptive pre-
sentation of qualitative data such as interview transcripts gathered from respondents or
other identified texts on the topic of study [15]. Common concepts/ ideas in the textual
data were identified/ highlighted and grouped into common categories/ themes. Codes
(concepts) were either included or excluded guided by the interview questions. Coding
was iteratively done until no new themes emerged. Overall, three iterations were done.
The first author and the supervisor who conducted the analysis met regularly to discuss
and agree on the coding/ analysis of data. Where appropriate, tables were used to guide
discussions.

3.3.2 Finding 1: Game Adoption Barriers

After asking respondents about their demographic information, an inquiry was done
to find out potential reasons why games have not been widely adopted in teaching.
Eighty two percent of the respondents felt that lack of time in the CS1 curriculum was
the main reason why the adoption rate of the GBL approach was low in mainstream
teaching. Other reasons given were: lecturer background and lack of awareness (59%);
difficulty in getting relevant well - designed games and tools (53%); and uncertainty
with the GBL teaching approach to deliver content (18%). Some remarks follow:

“It is hard to infuse games into the curriculum considering time”.
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“ In my programming education up bringing I have never seen games used

in teaching ... so the way I was introduced to programming is what I give

back”.

“when I was taught programming in my university I never learned with

games” .

“I do not know how effective it would be compared to the traditional learn-

ing and so I fear trying to use it because I am not sure of the impact”.

“It takes time and again there are no right game resources”.

These findings are consistent with results from some previous works [98, 254]. In a
broader sense, the findings on adoption barriers could extend the debate on the diversity
topic by stressing the need to expose students to introductory programming [54], and
use of alternative learning media such as games in an attempt to address the shrinking
pipeline problem in STEM.

3.3.3 Finding 2: Teaching Practices

Regarding current practices used by lecturers when teaching novices the recursion topic,
three issues were investigated. These were: (i) teaching time; (ii) diversity and size of
CS1 classes; and (iii) teaching examples. It emerged that the CS1 curriculum in most
universities in Kenya and South Africa does not allocate enough time for the recursion
topic. A majority of the participants reported spending from three to four lessons only
on the topic in a semester. This was considered insufficient given the topic difficulty.
As an illustration, one lecturer mentioned spending from two to three lessons - each be-
ing 60 minutes. Another said from five to seven lessons, each 45 minutes. Meanwhile,
two others reported three to four lessons, each 80 minutes. Lastly, three respondents
reported three lessons, each 45 minutes. While acknowledging the importance of re-
cursion in computer science, some participants alluded that the CS1 curriculum did not
allocate much time for the topic. Consequently, they were forced to find extra time to
reinforce the concept. Comments from such respondents included mentions like:

“... in our current curriculum we spend only two or three lectures if ... may

be only two but not much”.

“I think it is always sort of the pillar of all these programming courses ...

you find it is the one always you repeat after doing ... students will always

want you to come back and back and back and back from the first time you

introduce it”.

“I usually find time and come back to it after teaching binary search and

sorting just to try and reinforce it”.
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Given the pressure of time, two models of practical game adoption were proposed:
(i) short games for quick just in time class illustration; and (ii) long games for after
class practice. One lecturer proposed a design approach that could give students games
that allow them to practice for longer hours after class while at the same time give a
lecturer the ability to track their progress. The participant made particular reference to
universities that enroll large numbers of students, for instance from 700 to 1000, for
CS1 with different backgrounds. This proposal was supported by another respondent
who added: “there was a time we wanted to change one of our introductory course

... only to realise that over 70% of the students were government sponsored with no

computer background”.
When it comes to diversity and size, most respondents confirmed that the practice

is that typical CS1 classes attract large numbers of diverse students [9] drawn from
different departments. The diversity is manifested in the different academic, economic
and cultural backgrounds. One respondent from South Africa reported that her univer-
sity enrolls very many students in CS1 classes. In particular, the number was reported
to range between 700 and 1000. Given the large number, she reiterated: “with large

classes it is not easy to have a way of tracking student participation”. Another respon-
dent from Kenya reported that the course attracts 200 and above students per class every
Semester it is on offer. For better student to teacher ratio, this number is divided into
40-50 students per class and assigned to different lecturers. Concurring with this prac-
tice, another respondent from South Africa who emphasised the diversity of students
reported that his university attracts about 80 students in CS1 classes. This is usually
divided into two groups - 40 students each. Another practice is the use of teaching as-
sistants to manage smaller groups of diverse CS1 students during practical lab sessions.

The finding on time is relevant and in agreement with that of Battistella and Wan-
genheim [29] on games for teaching computing in higher education that showed that
most games are designed to fit into the duration of a class or to be played rapidly (about
10 minutes). Additionally, other than the practical aspect of time, these results further
supplement current literature on programming game design by introducing the practi-
cally large number and diverse CS1 students aspect.

Next, participants were asked to comment on the examples they use in class to teach
recursion. Findings indicate that a majority (77%) use textbook examples. Popularly
mentioned were: Factorial, Fibonacci series, Greatest Common Divisor (GCD), binary
search, power of a number, palindrome, strings, towers of Hanoi, and recursive patterns.
It was surprising to note that only two lecturers (12%) said that they use real-life scenar-
ios in class. Similar to findings from a recent study in USA that investigated the teaching
practices of introductory CS course instructors [97], results of this study also revealed
that CS1 teachers from Kenya and South Africa use instructor-centered teaching prac-
tices. Such practices are commonly dominated by lectures instead of student-centered
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activities. Consequently, the practices undermine students’conceptual understanding of
course content [44].

3.3.4 Finding 3: Teaching Analogies and Design Ideas

When asked to recommend suitable teaching analogies/ examples that could be de-
signed in games to teach novices the recursion topic, fifteen respondents (88%) agreed
that simple algorithms should be used. Simple mathematical examples such as factorial,
GCD, power of a number and Fibonacci series were the most popularly cited. Partic-
ipants warned of the trap of adding extra cognitive load in the design by introducing
complicated examples. As a classic exemplar, one lecturer was reported saying: “let

them be simple ... not very complicated/ difficult algorithms ... I tried using a normal fan

like pattern in my CS1 class but from experience students found it difficult to understand

recursion”. A mixed reaction was noticed on whether to use 2D or 3D games. While
a lecturer who also teaches a design course and another (a professor in game design)
proposed a 2D game with simple and neat rewards arguing that it will keep it simple
and reduce distraction, another lecturer with an interest in graphics recommended 3D
for their visual learning appeal.

Though textbook examples were suggested by most participants, some respondents
brought up a useful debate on the extent to include them. One respondent felt that it was
mandatory to fully include them by arguing: “classical recursive examples like facto-

rial, binary search, Fibonacci must be fully there in the design knowing very well the

importance of maths in computer science”. On the contrary, another saw it differently,
commenting: “I think their use is a disadvantage to students with poor mathemati-

cal background”. This view was supported by another respondent who also cautioned
against using only mathematical examples, particularly, those that novice students had
not encountered in their high school. The participant said: “for me the expectation that

every student entering university understands factorial is reasonable ... expectation that

they will understand Fibonacci am not sure, I don ’t think that much thought has gone

into the possibility of using real-life scenarios”.
Findings on class examples and proposed teaching analogies, potentially, could

equally add to the literature on the topic of diversity in CSE. It seems that inclusivity in
programming games design could be advanced by using a variety of teaching examples
that would cater for different learning needs. This is in line with the recommendation
by Ibe et al. [101]. It could therefore be argued that a design approach that adopts both
real life and textbook examples would increase the potential of diverse CS1 educators
and learners to embrace a GBL approach.
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3.3.5 Finding 4: Design for diversity

In the last section, respondents were asked to mention what they thought could guide the
design and development of a prototype game authoring tool capable of creating different
games for diverse CS1 learners. To elicit this information, three aspects were examined:
(i) unique design factors; (ii) customisable game attributes; and (iii) pedagogy.

3.3.5.1 Unique design factors

From the text analysis of the responses received about unique factors that lecturers
thought could guide the design of programming games for diverse students, four key
themes emerged, namely: (a) context; (b) gender; (c) religion; and (d) childhood game
experience.

It was the considered opinion of some participants that it is important to factor in
local context when designing serious games for novices (particularly from Africa). To
illustrate this, three lecturers from Kenya and one from South Africa contributed to the
debate by arguing that people from different parts of the world were sensitive to dif-
ferent icons, shapes, and symbols, based on their cultural backgrounds. Of the three,
one (a relatively young participant in age) could not hide the frustration with the fact
that most digital games played in Africa borrow a lot from the West. The respondent
lamented saying: “why not contextualize to local games such as ... ‘Banu’and lo-

cal characters”. Banu, also known as ‘Banta’in Kenya, is a marble game commonly
played by two people during childhood. Another Lecturer from Kenya who has taught
a multimedia course using games also suggested a localised game scenario where a Ma-
sai Moran (warrior) fights lions to protect a Manyatta (hut) with the warrior as the main
character. Masai is a well known community in Kenya for maintaining their culture.
A similar remark came from one more participant from Kenya whose opinion was: “if

you are to design a game for the youth in Kenya then probably, characters based on

local games, football stars, celebrities in music industry, and surprisingly politicians

will make them interested”. Finally, a respondent from South Africa echoed the similar
sentiments by saying: “background and culture will affect the icons ... shapes ... sym-

bols that you use ... people from different regions are sensitive to different symbols ... a

certain icon in Cape Town will mean a totally different thing in Kenya”. Consequently,
it was considered key to adopt localised game scenarios and characters in design.

On the issue of gender, 18% of the respondents felt that it is important to consider
gender in the design of serious games to teach novices. For instance, after the inter-
view, one respondent further sent an email suggesting two different design scenarios
for male and female students. This finding is in line with a previous study that reported
that women and underrepresented groups are often turned off by competitive games
[271]. The work noted the need to lay more focus on socially-constructive applications.
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Adding his voice to the gender debate, another participant (a professor and an expert in
game programming) suggested a gender neutral design approach.

Meanwhile, results from four (24%) participants revealed that the games learners
played while growing up could also have an influence on the type of serious games that
would interest them in CSE. One of them described the experience when teaching an in-
troductory programming course in the Northern hemisphere. Classes started in October
where students did an objects first introductory course from October to December. This
was followed by a project in December during the last week of the semester. Students
were allowed to pick a project to work on based on scenarios they were interested in.
The respondent reported: “one year, two of my students collaborated in a battle Bot

game ... a game of Robots ... and they really enjoyed the fact that it was something they

could relate with remembering playing it when growing up”. Another practical demon-
stration on how childhood game experience could influence game design for different
students in CSE was a revelation by a lecturer from Kenya. The participant recalled
vividly one particular teaching experience by remarking: “...I remember there was a

time when we had some students actually using AI techniques to develop a local game ...

we picked this game so that students could relate with things they have grown up with...”.
In one unique case, another respondent suggested that lecturers should be careful when
using games that include gambling since they may offend some religious beliefs. As in
the National Science Foundation [187] report, the findings on gender, context, religion
and childhood game experiences contribute to the diversity topic by considering target
learners, but from Africa. Particularly, in the context of South Africa, universities pre-
dominantly enroll CS1 students from diverse racial, cultural and computer knowledge
backgrounds.

3.3.5.2 Customisable game attributes

Participants were further asked to propose game attributes or features a lecturer could
change/ customise to create different instances of games with unique game play experi-
ences using a game authoring tool. Pointing out the lack of such tools, one respondent
said: “I have not seen any educational game development software”. Supporting this,
two other participants observed that game generation would help lecturers save on time
spent searching for appropriate teaching games and also present them with variety. One
of them noted: “a number of years if you keep using the same examples over and over

the students don’t see the value ... there is need for refreshing examples used by lectur-

ers”. A similar view was held by another who remarked: “do not constrain them to a

particular example”. The two views illustrate the need for variety.
Game complexity and challenge levels was also suggested by sixteen (94%) re-

spondents. Some comments included: “design for challenge at different game levels”;
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“different levels of difficulty/ complexity-for different types of students”; “change game

complexity”; and “vary the levels of complexity such that they start by coding simple

ones and also to take care of slow learners”. Eight lecturers felt that characters and
their unique parameters like clothes and colour could also provide an opportunity to
create unique game experiences. While backing up the idea of game generation, one re-
spondent who considered himself a gamer said: “I think a nice feature would be a game

that has a lot of customization or configuration options for instance I remember in the

car race game you could change it to your specification ... change the color, tyres”. On
the contrary, while stressing the role of visual learning, another respondent observed
that the design should steer way from using characters since such could bring in per-
sonal issues. Instead, it was advised that neutral objects could be used in their place.
Other customisable game features suggested were: scene, background, theme, texture,
light intensity, interaction style, genre and character. A summary of some customisable
game features is presented in Table 3.4.

Table 3.4 Customisable Game Design Attributes

Game
Genre

Game
scenario

Back
ground Character Interac-

tion style
Complex-
ity

Adventure
Maze type
game

Color Cloth
Drag and
drop

Simple

Role
Playing

Factorial of
a number

Scene Hair
Write full
code

Intermedi-
ate

Simulation
Simple
pattern

Texture Body color
Complete
snippet

Complex

Action
Tree
traversal
game

Sound Eye color

3.3.5.3 Pedagogical considerations

Finally, participants were asked to reflect on their teaching experiences and share ped-
agogical/ instructional design considerations they deemed suitable for games to teach
recursion to different students. It emerged that there is need to balance game play and
learning given the diversity in a CS1 class. Two lecturers were quick to caution that
from their experience one of the reasons why lecturers do not use games in class and
some students do not take them seriously is the fact that they do not directly see their ed-
ucational value. One went ahead to advise: “design to engage them in such a way that

they see relevance ... value in it”. This was supported by another who added: “students

may feel they are just playing if the feel of playing to learn is not there, particularly the

bright ones”.
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Twelve (70%) respondents pointed out that individual differences among learners in
a class ought to be considered. One remarked: “I tried using a game in class and the

challenge was to get tasks to take care of the weak students ... pitch a game at the very

weak students and their capabilities ... design for different types of learners”. Another
thirteen participants (76%) made remarks suggesting that game goal and learning goal
ought to be clearly aligned [209], and that a deliberate effort should be made to balance
design to cater for all types of learners. In CS, the Cargo Bot serious game by Tessler et
al. [255] and Program Your Robot by Kazimoglu et al. [113] are illustrations of design
by aligning learning and game goals.

Two lecturers felt that programming game design should allow students to actively
construct their programming knowledge through active coding. For instance, one said:
“ my experience is that it is important to let students be in control of their learn-

ing by writing code”. This position was supported by another respondent who com-
mented:“..design to take them through step by step and to practice by forcing them to

write and compile code...”. An example of a game in CSE that enables students to learn
programming by practicing coding is Elemental the Recurrence [48]. These findings
suggest consideration for the constructivism learning theory [12, 90] in design, particu-
larly for diverse learners in CS1 [257].

Careful scaffolding and student support, especially for weak students, was yet an-
other admirable instructional design feature according to one participant who said: “

design for user guided inquiry learning to allow them to try different things”. Scaffold-
ing is demonstrated in the Saving Cera serious game by Barnes et al. [26] and Elemental
the Recurrence by Chaffin et al. [48] in CSE. Additionally, embedding motivation, re-
ward and challenge in the design was seen as important by three respondents. The first
remarked: “I have taught second year course with games ... students were very inter-

ested ... make it fun and amazing ... amusing ...engaging...challenging...motivating”.
Singling out the use of leader boards and points, the second who had used games in
teaching a third year computer science course additionally stressed the need for com-
petition and rewards in design. Agreeing with this position, the third (a professor and
game expert) added his voice by saying:“ reward system is very important from game

design point of view ... furthermore the core aim is pedagogy ... to design educational

games, particularly to teach the recursion topic”.

3.3.6 Emerging conceptual design principles

Evidence presented in the requirements study suggested that the game adoption rate in
mainstream teaching still remains low despite the potential motivational and retention
impact on learners. Although most lecturers use textbook examples in class, it appears
this could also potentially disadvantage some students and further propagate the lack
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of diversity among CS students. An educational game design approach that strictly
adopts only such examples might in itself cause a learning barrier to some learners.
Consequently, when designing CS1 educational games for diverse learners, it would be
advisable to use textbook examples learners are familiar with, simple algorithms and
real life analogies. For example, the DFS algorithm used in Chaffin et al. [48] would be
considered complex for CS1. In addition, the ability to have unique characters is equally
important. However, caution should be taken and where necessary, neutrality could
be considered in design. Some scholars have reiterated the lack of design guidelines/
principles to create serious games [52]. The requirements study attempted to address
this gap by proposing eight design principles that could guide requirements engineering
and creation of diverse games to teach different students programming. These include:

(i) Use diverse simple mathematical examples learners are already familiar with to
reduce cognitive load, while factoring in practically available time in the curricu-
lum.

(ii) Use a variety of fun and enjoyable real life analogies that students can easily
relate with.

(iii) Consider particular gender needs.

(iv) Carefully factor in student’s background in terms of computer knowledge, culture
and local contexts.

(v) Carefully choose game genres bearing in mind religion.

(vi) Consider students’childhood game experiences.

(vii) Pitch the design for different learning needs of students in a class, particularly the
very weak.

(viii) Design for game customization to produce a variety of game experiences.

The proposed design principles are supported by findings of other related works.
For instance, while calling for a more inclusive design approach, participants in the
study by Rankin [215] criticised the game design for lack of (i) diverse game characters
that consider gender (principle 3); (ii) cultural aspects (principle 4); and (iii) ability to
customise the game play experience (principle 8). Similarly, findings from the work
by Khalifa et al. [116] confirm that culture (principle 4), customization and game at-
tribute configuration (principle 8) are crucial design considerations when creating di-
verse games targeting different audiences. Moreover, two key findings from another
study on the views of 41 game designers and practitioners agree with principles 2 and
7 [106]. In this study, fun is identified as a key design feature for serious games for
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diversity in line with principle 2. The second key finding suggests that design should
gradually release information and allow practice and mastery that can be built upon to
give a sense of progression (principle 7). This supports individual progression of stu-
dents in a CS1 class given different learning abilities [176]. On the other hand, the work
by Katz [112] presents seven broad Universal Design (UD) principles for an inclusive
education that considers diversity. The first principle - equitable use - maps to design
principles 1, 2 and 3 in this paper. The second - flexibility in use - can be mapped to the
proposed principles 4, 5, 6 and 7. Lastly, simple and intuitive use - the third principle
- aligns to the proposed principle 1. Figure 3.1 presents a summary of the conceptual
design principles.

Conceptual
design

Pedagogy

Indiv.
Differ-
ences

Motivation

Constructive
Learning

Goal
Align-
ment

Teaching
Analogies

Factorial

Fractals

Fibonacci
Series

Customisable
Game

Attributes

Character

Scene

Background

Unique
Design
Factors

Gender

Context

Economic/
Cultural
Back-
ground

Fig. 3.1 Summary of conceptual design principles
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3.4 Study 3: Three visual ways to teach recursion

In an effort to further understand additional user requirements and the prototype design
aspects from the lens of students, the author supervised a CS project conducted by three
honours students 1. All three were from the department of Computer Science at UCT.
The project was titled: ‘Three Visual Approaches to Aid the Teaching of Recursion’.
This study helped to investigate some very specific issues on usefulness of different vi-
sual elements in recursion games. The aim was to investigate three visual approaches of
teaching the recursion topic with games. The three approaches were: (i) visual coding;
(ii) visual simulation; and (iii) stack simulation.

3.4.1 Methods

Ethical approval was first sought from the Faculty of Science Research Ethics Commit-
tee of the University of Cape Town. Second, interviews were conducted with ten CS1
students to understand the challenges/ problems students often encounter when learning
the topic of recursion in higher education. Additionally, we assessed the user require-
ments. Third, TCA was conducted on the interview data that led to the identification
of the themes. Fourth, based on the findings from the user interviews, we designed
and developed three visual game-based platforms for teaching the recursion concept to
novices. Finally, the three approaches were evaluated with 20 CS1 students from the
department of Computer Science in a UX study.

3.4.2 Student Interviews

Interview sessions with ten students painted a picture of the challenges CS1 students
face when learning the topic of recursion. A summary is given in Table 3.5. Ad-
ditionally, the respondents provided some suggestions that could be considered when
designing games to teach recursion through visualisation as presented in Table 3.6.

3.4.3 Visual Platforms Design

Figure 3.3 shows the visual coding User Interface (UI). Some of the key components
include the recursive question/ problem to be solved, the instructions for students to
click and drag, the answer drop zones and a button to trigger visualisation. Figure 3.2
demonstrates how the selected instructions/ commands are dropped in the drop zones.
This approach of visualising recursion was inspired by early programming games such
as Lightbot [86] and Cargo bot [48]. On the other hand, Figures 3.4 and 3.5 illustrate
the stack simulation. Some key features are the: input field, output field, function call,

1https://projects.cs.uct.ac.za/honsproj/2019/
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Table 3.5 Analysis of student opinions about their challenges when learning the recur-
sion topic

Theme Aspect Sample quotations

Time Topic hurriedly taught “Too fast taught - not progressive...need
more time”.
“Too little time and pressurized concept ...
needs to be gradually taught”.
“Time as in solving question - need more
time on assignments....need more time for
concept to seep in”.

Teaching Lecturers do not simplify and
clearly explain the concept

“Lecturers fail to explain the concept in
an understandable way for the learner”.
“Not taught in an easy to understand
way....it is not intuitive like loops”.
“Lectures did not explain it in a simple
way....need to be giving a whole lot of ex-
ercises like converting a for loop to recur-
sion”.

Base-case Students fail to recognise
base case

“Difficult to visualize what’s happening..I
have to think of a lot of different parts like
what the base case is and how the prob-
lem will get smaller with each iteration”.
“I do not know where recursion
ends.......base case....do not know
how it ends... concept is a blur..it is
daunting”.

returns, step, and compile. The input field provides a python text editor that allows
students to complete code snippets. The call stack shows the recursive calls as code
execution moves towards the base case. The return shows the statements returned after
each call while the step feature allows students to set breakpoints in code execution so
as to visualise stack calls one by one. Motivated by study 2, the power analogy was
one of the use cases adopted (See Figure 3.6). Another analogy was the factorial (See
Figure 3.7). More detail on game design is in Chapter 4.
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Table 3.6 A summary of some student design suggestions

Approach Design sugges-
tions

Sample quotations

Stack simu-
lation

Visualising call
stack

“...We were taught to think about it like a stack
of plates so maybe something like that..I would
like to see the parameters passed to each call
stack at the very least”.
“A stack of something like blocks or simi-
lar...smooth animations and an option to view
the stack progress slowly”.
“I would like to see the status of the variables
passed to the function each time”.

Visual sim-
ulation

Simple visual
analogies

“Snowball/snowman increasing and decreasing
in size”.
“Some visualization about bunnies going in and
out”.
“Visualization - square over other
square..animal eating smaller ani-
mals...Animals come out of animal mouth”

Fig. 3.2 Visual coding User Interface
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Fig. 3.3 Dropping commands in the drop zones

Fig. 3.4 Main stack simulation User Interface
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Fig. 3.5 Full built stack for recursive power

Fig. 3.6 Power of a number use case Fig. 3.7 Factorial of a number use case

3.4.4 Evaluation

Results from the Game Experience Questionnaire (GEQ) indicated that the students
felt competent (mean score 3.64) when playing the designed games. Additionally,
they found the games impressive, aesthetically pleasing, fun and enjoyable (mean score
4.52). Regarding the usability and UX, 95% of the students expressed that they found
the visual coding User Interface intuitive and easy to use. Ninety percent of the partici-
pants reported that the text editor interface of the stack visualisation platform was easy
to use. Another 80% observed that visualising stack calls using factorial was a good
approach for illustrating the concept of recursion to novices. Concerning the visual
simulation platform, 80% of the students found the visualizations aesthetically pleas-
ing, interesting and appealing.
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3.5 Summary

This Chapter provided an overview of three studies conducted to understand the needs
of CS1 teachers when teaching the recursion topic with games and of students when
learning. The needs assessment study (study 1) identified recursion as the most difficult
topic among others like arrays and abstract data types. It was also revealed that CS1
topics deemed difficult among students in other parts of the world universally remain
the same in poor and middle-income countries. The requirements analysis study (study
2) suggested eight conceptual design principles to guide the design of a game author-
ing tool capable of creating games to teach diverse novices in a CS1 class. Finally,
the honours project (study 3) provided insights on how to design visual programming
games to teach programming from the lens of students. Overall, these findings could be
relevant for the design of future game-based learning tools in CSE. For instance, given
the results, system requirements were developed as summarised in Table 3.7.
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Table 3.7 A summary of system requirements

Requirements Functionality

Pedagogy The tool shall allow users to author serious games by
specifying clear learning goals.
Lecturers shall be able to add more recursive teaching
examples.
The tool shall use simple textbook recursive examples
like the factorial that align with lecturers’current teach-
ing practices.
Fun learning and student motivation shall be supported
in the generated games by incorporating elements such
as health points, trophies, leader boards etc.
Careful scaffolding shall be designed by providing help
and feedback.

Game generation The user shall be able to reuse existing game assets
The tool shall generate games scenarios that consider di-
versity of students: computer knowledge, culture, gender
needs and local contexts.
The tool shall use procedurally generated scenes for
more randomness.
The instructor shall be able to download the generated
game for offline distribution to students.

Game play The players (students) shall have the freedom to choose
any level.
The generated games shall support an Integrated Devel-
opment Environment (IDE) where students can actively
practice coding.
The generated games shall use simple rules: move left,
right, up, down.
After executing code students shall be able to visualise
the recursive execution.

Customisation The tool shall allow lecturers to customise game back-
ground, scene, characters etc. according to needs of dif-
ferent learners.

Usability The tool shall be able to allow lecturers to create pro-
gramming games easily, efficiently, effectively and with
minimal cost.

Development and deployment The tool shall be web based and capable of being de-
ployed on a cloud server.
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CHAPTER 4

Prototype Design and Development

This Chapter presents the design and development approach adopted for the game au-
thoring tool prototype the Recursive Game Generator (RGG). RGG was created as an
experimental platform. The design and development was inspired by the principles pre-
sented in Chapter 3. First, the design goal is presented in Section 4.1. This is followed
by design theories in Section 4.2. Design method is summarised in Section 4.3 while
prototype development is in Section 4.4. Section 4.5 presents the game generation pro-
cess. Lastly, Section 4.6 is on the generated games and the features designed.

4.1 Design Goal

The design goal of this project was to develop a usable game generator tool prototype
to support both novice and experienced programming instructors (realistic user audi-
ence) in high schools and higher education [181]. The target users are deemed to have
little or no game programming skills to easily create serious games to teach novices
programming in CS1. The design idea is to give CS educators an authoring tool with
different user profiles. The prototype should allow users to easily customise given game
examples to create different instances of programming games. Additionally, experi-
enced users should be able to create and customise their own games from scratch. The
proposed approach addresses three problems: (i) the difficulty encountered by teach-
ers when creating serious games; (ii) the time constraint; and (iii) financial constraint
involved.

4.2 Design theories

While foundational learning and cognitive sciences theories have been considered in
the design of authoring tools, not much work has been done on theoretical foundations
of authoring tools’usability [181]. Murray [181] proposed four theoretical foundations
that could inform future authoring tools design, namely: (i) complexity in software
design; (ii) activity theory; (iii) epistemic forms and games; and (iii) adult cognitive
development theory (hierarchical complexity theory). He raised the issue of “how
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one matches the complexity of the authoring task to the complexity of a tool and the

complexity-capacity of the target user” [181, p. 3]. Complexity-capacity of a user or
cognitive complexity is a “person’s capacity to perform complex mental or behavioral
tasks” [181, p. 18]. He stressed that the design goal should not be to develop powerful
authoring tools but those that meet the needs of realistic user audiences.

4.2.1 Complexity theory

Complexity theory hides the complexities of the underlying technologies from the users
(in this project: teachers). The theory supports different levels of complexity. Both
novice and experienced users of a tool can easily design almost any instance of an
artifact by merely selecting from given examples and customising various parameters
[180]. At the same time, experienced users can access advanced system features to
create complex artifacts. On the complexity issue of authoring tools, Murray [181,
p. 2] poses two questions: (i) “who are going to use these tools”?; and (ii) “how do we
make sure that the tools meet end user needs”? In this thesis, a balance must be created
for the purpose of the target user audience. This is because, if the design only supports
advanced users who may wish to add advanced pedagogical content then the tool’s
usability would be compromised, particularly with regard to novice users [174]. On
the other hand, if design purely targets novice users who are only interested in serious
games with simple pedagogical content then complexity may suffer at the expense of
usability [180]. Thus, if the design is to support both types of users, a trade off is
required [181, 180, 174]. Murray [180] proposes the following trade off list for future
authoring tools’design:

(i) Power/ Flexibility

• Breadth (Scope)

• Depth

(ii) Usability

• Learnability

• Productivity

(iii) Fidelity

(iv) Cost

The right balance must be established between usability (simplicity and efficiency
of use) and power (flexibility, breadth and depth) for the intended realistic users and
final generated game instances.

64



4.2.2 Differentiating interfaces theory

A study conducted by Karoui [111] noted that teachers found Mobile Learning Games
(MLGs) authoring tools either too poor to create games that could fit their teaching
needs or too complex to use. To solve this problem, the authors proposed an authoring
tool design model that supports several conceptual levels. The rationale is to design
different interfaces targeting different user profiles (novice and experienced tool users).
A nested design approach comprising novice, intermediate, and advanced modes is
suggested [111]. With the novice mode, novice programming teachers are able to easily
author simple learning games to experiment with students in class. To gain further
experience with the tool, the design gradually accords such users more features at the
intermediate mode. Lastly, the advanced mode allows more experienced teachers to
explore advanced features when creating more complex game instances [111].

4.2.3 Design theories choice

Hidden complexity theory was chosen to guide the design of the authoring tool proto-
type because it supports design of simple tools for novices but also provides the flexibil-
ity to allow experienced users to explore complex system features [181, 242]. Likewise,
differentiating interfaces theory was preferred because it ensures the design of different
interfaces/ user profiles for different users (novices and advanced users) [111]. Con-
sequently, the two theories were deemed relevant since the proposed tool is envisaged
to support both experienced and inexperienced teachers. The inexperienced users may
include trainee teachers as in Section 5.3 and those who have just commenced their
teaching carrier. Meanwhile, experienced users may comprise teachers like the ones
who participated in experiment 1 (Section 5.1).

4.3 Design Methods

Some previous works have explored methods to guide development of serious games
[102, 226]. For instance, Ibrahim and Jaafar [102] proposed a model comprising game
design, pedagogy and learning content modelling. On the other hand, Saavedra [226]
suggested a software process to game design comprising five steps: (i) requirements
gathering - setting learning goals; (ii) design - creating digital resources; (iii) devel-
opment - creating the game; (iv) testing; and (v) postmortem. While the process by
Ibrahim and Jaafar[102] is a good starting point, it seems best suited for large scale
commercial serious games. This is because it ignores practical issues such as avail-
able development time and the challenge of bringing together all experts (instructors,
programmers, game designers). The design process of the prototype game generator
tool followed the UCD method [21, 216]. UCD was chosen since it: (i) gives useful
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user feedback on the proposed design ideas; (ii) increases acceptance of the system
being developed by the users; and (iii) improves usability of the system under develop-
ment. Additionally, “user centered game design recognises the benefits of play early

in the design phase, allowing developers to implement these advantages into the core

behaviours of the game system ” [216, p. 2]. By employing user centered methods to
gather design suggestions for learning technologies, previous works have suggested that
users are best involved as informants [267]. Conceptual design process in this context
involves a rapid series of iterative tests and revision cycles, coupled with participation
of CS1 teachers as informants.

We adapted some aspects of game design methodology from the early works by
the Game Development for Computer Science Education working group of Innova-
tion and Technology in Computer Science Education 2016 (ITiCSE 2016) [108] and
Saavedra [226]. The working group highlighted some aspects of game development
methods that they considered important for new researchers who may want to create
education games for CS. These include:(i) Agile processes - breaking a project into
tasks or sprints and monitoring at the end of each sprint what is going on well and what
is not; (ii) Moodboards and storyboards - used to conceptualise the feel and look of the
game to be developed; (iii) Paper prototyping - presenting a game idea through story-
boards or mock-ups (Figure 4.1 and Figure 4.2 show some of the paper prototypes); and
(iv) Quality assurance and user testing - done to get user feedback on each prototype
developed iteratively [108]. The current work adapted paper prototyping and quality
assurance/ user testing. In addition, they recommended the following design principles
for consideration when designing games for CS education [108]:

(i) Define the learning outcomes.

(ii) Research target users.

(iii) Consider challenge and engagement to realise game flow.

(iv) Design negative and positive engagement.

(v) Design appropriate reward systems.

(vi) Design formative and summative assessments as feedback.

(vii) Design for differentiated instructions to cater for differences in learning abilities.

(viii) Provide an opportunity for deliberate practice.

The design process was also guided by communicative and pragmatic design paradigms
as adapted from the work by Visscher et al. [269] in the study by Baek et al. [21]. Table
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Fig. 4.1 Paper prototype 1 Fig. 4.2 Paper prototype 2

4.1 presents a summary of four philosophy driven instructional design paradigms. Com-
municative and pragmatic paradigms are among the four. Communicative paradigm was
chosen because it : (i) allowed the prototype designer, the researcher and potential users
to constantly communicate and reach consensus; (ii) put users at the centre stage of the
design process as they played the role of providing information as co-designers; (iii) en-
abled the prototype designer to play an active facilitation role during prototype dry run
sessions. On the other hand, pragmatic paradigm was adopted since it lays emphasis on
repeated testing and revision and gives users the role of providing information. More-
over, both paradigms support iterative design process in line with UCD. We adopted
three key UCD elements, namely: user participation; contextual inquiry; and iterative
design [21].

4.3.1 User participation

Two types of users (primary and secondary) are suggested by Maguire et al. [143].
In this study, CS1 instructors are the primary users (participants) while students are
merely secondary users. Their success with the tool largely depends on the extent to
which primary users can effectively use it [143].

67



Table 4.1 Summary of four philosophy driven instructional design paradigms (adapted
from [269] in [21])

Instrumental
paradigm

Communicative
paradigm

Pragmatic
paradigm

Artistic
paradigm

Emphasis
Aligns goals
and

Designers and
users commu-
nicate

Repeated test-
ing and revi-
sion

Creative de-
sign

design out-
come

to reach con-
sensus

Designer’s
role

Expert respon-
sible

Facilitator
shares respon-
sibility

Expert respon-
sible for de-
sign

Artist respon-
sible

for design with users for design

User’s
role

Information
provider

Information
provider and

Information
provider and
product

Product user

and approver co-designer user

Design
process

Typically lin-
ear

Non linear and
iterative

Non linear and
iterative

Linear and
non linear

4.3.2 Contextual inquiry

This involves considering the users’work needs in context. Context-of-use includes in-
formation about users, what they do, physical environment, institutional environment as
well as the technical environment [144]. Methods like interviews, discussions, surveys,
diaries and field studies have been proposed to collect the required information on the
context of use [71]. In this thesis, interviews were used (See Section 3.3). Contextual
information such as difficult CS1 topics, time allocated to the topic of recursion by the
curriculum, diversity among CS1 learners in the context of Kenya and South Africa,
recursion topic teaching scenarios, and instructor game programming technical skills
were considered, among others. The list was motivated by the fact that we wanted to
design a game authoring platform for CS1 teachers based on their needs, requirements
and expectations.

4.3.3 Iterative design

We established early contacts with primary users through a needs assessment study
with CS1 lecturers [17]. This was followed by a conceptual qualitative user require-
ments study [18]. In employing user centered methods to gather design suggestions
for learning technologies, Vasalou et al. suggested that users are best involved as in-
formants [267]. During development, we continuously focused on user requirements

68



and iteratively tested the tool with two experienced volunteer CS1 educators (potential
users) from the Department of Computer Science of the University of Cape Town.

Additionally, we sought feedback from postgraduate students in the Information and
Communications Technology for Development (ICT4D) laboratory in the department.
The total active members of the laboratory at that time was 12. Out of the 12, ten were
recruited on purpose. The ten were recruited because: (i) five were CS teachers in their
respective home universities, (ii) four had taught CS1 course to first year students pre-
viously in the department while two were working as CS1 Teaching Assistants (TAs) at
that time, (iii) four belonged to the same departmental research group (Digital Libraries
(DL)) as the researcher - hence understood more about the proposed game generator
tool, (iv) two were interested in gaming for their research, and (v) another two were
researching on Human Computer Interactions (HCI). Table 4.2 presents a summary of
the demographic information.

Table 4.2 Demographic information

Variable Category Freq Percentage
%

Age 25 - 30 years 3 30
31 -35 years 5 50
36 -40 years 2 20
Above 40 years 0 0

Country Kenya 2 20
Uganda 1 10
Tanzania 1 10
Malawi 2 20
South Africa 2 20
Madagascar 1 10
Ghana 1 10

Taught CS1 Yes 7 70
No 3 30

Experience Less than 5 years 2 28
5 -10 years 3 44
Over 15 years 2 28

The two teachers and the ten postgraduate students acted as co-developers by means
of cooperation in a non-linear and iterative process [269]. The postgraduate students
used the prototype to generate some games. Afterwards, they played the generated
games. In addition during student meetings, the researcher presented the prototype and
the generated games to the postgraduate students for their feedback on improvements
(See Section 4.6.2). In total, three iterative design cycles were conducted. Each yielded
a prototype. The prototypes were developed by a contracted Bachelor of Science stu-
dent majoring in Computer Science and Engineering from the department of Computer
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Science. By that time, the student had taken CS1 and Computer games courses. Addi-
tionally, he had worked as a CS1 Teaching Assistant (TA). His duties included assisting
CS1 students during practical lab sessions and marking tests and practicals. These at-
tributes coupled with his interest in game programming made him suitable for the task.
The design and development process lasted for 6 months (December 2019 - May 2020).

4.4 Prototype Development

4.4.1 Review Meeting

During a progress review meeting with the student developer and the two volunteer
teachers, the following suggestions were made to make it possible for educators to
customise and generate different instances of games:

(i) a built-in template that can allow teachers to easily create custom programming
games from given examples.

(ii) game generation steps as in the work by Khenissi [117].

(iii) customisation/ configuration of a game using assets like background color, scene,
sprites etc.

(iv) help feature to guide users whenever they perform an illegal operation

(v) an appealing UI.

(vi) download feature for easy distribution of the generated games.

4.4.2 Technologies and the Architecture

Web technologies were used to develop RGG. The application logic contains HTML,
JavaScript, PHP, and C#. The pages created from these technologies are designed to
run on a Web platform. C# scripts send and access data between the application and
back-end server. Cascading Style Sheets (CSS), Java Script (JS), Unity game resources
and the database are stored on a Web server. In the front end, the user (instructor)
sees and interacts with the system through a Web browser. In the back end, PHP code
validates and verifies user requests. During development, the system was tested on
a local host. However, for purposes of the intended user studies, the prototype was
hosted with Amazon Web Services (AWS). Server side scripting language is used for
the prototype authoring platform since it puts less strain on the user’s machine.

The prototype generator runs on the server while the generated game runs on the
client machine. The Web platform (Web User Interface) allows teachers to easily create/
generate custom games based on their learning content and pedagogical goals. When
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generating a programming game instance, a user loads a given game example and uses
it to build the game. Additionally, users customise assets such as the ground sprite,
wall sprite, background image, and game objects. A built-in game generation template
simplifies the game generation process for the non-technical users (educators). The
generated standard game is rendered using the Unity engine as an executable file. The
generated game is downloaded by the author and distributed to/ shared with students
using: (i) google drive (ii) a central database server in a lab; (iii) student laptops; (iv)
desktop machines; or (iv) portable storage media. Figure 4.3 is an illustration of the
RGG platform’s high level architecture.

Fig. 4.3 The RGG Architecture

4.4.3 The Prototype Game Generator

In line with recommendations from the team that acted as informants during the devel-
opment, the prototype game authoring tool has a built-in template that supports both
novice and experienced teachers to generate programming games. Figure 4.4 shows the
RGG prototype. It also has an appealing interface with a logo. At the same time, it
has a login (Figure 4.5) and a help feature (Figure 4.6). It has a download (Fig 4.7)
functionality that allows easy download and distribution of the generated games offline.
In addition, the prototype generator has a feature to support users with Linux Operating
System or Ms Windows.

In order to address the educational games configuration design gaps identified in
the reviewed literature, the prototype gives teachers the flexibility to easily configure
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Fig. 4.4 The Recursive Game Generator - RGG

Fig. 4.5 Registration interface

and customise some game parameters such as view, scene, background image, and wall
sprites during game generation process. As users progressively get advanced with us-
ing the prototype, the design provides an additional functionality that allows for the
creation and modification of game content. Consequently, the additional feature en-
ables domain experts (teachers) who want to build a game from scratch to bring in
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Fig. 4.6 Help Feature

Fig. 4.7 Generated game download

their instructions design speciality [145] into educational games development. Table
4.3 presents a mapping of how Chapter 3 and the design theories were factored in the
design and development of the game generator prototype. It summarises the aspects of
the game generator’s user interfaces and features incorporated.
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Table 4.3 A mapping of conceptual design principles, design theories and the designed
prototype features

RGG feature Conceptual design principle Design theory

Help feature
Provide help facility considering
different learning abilities

Complexity
theory.

Different game
generation
interfaces and
built-in template
feature

Design provides different interfaces for
novice and experienced users (Section
4.5 - Step 7)

Differentiating
and complexity
theories.

Game download
feature

Developed prototype allows teachers to
download the generated games

Complexity
theory

Pedagogical
features

Designed and generated games support:
(i) different student learning needs
(principle 7) and diversity (principles 3
and 4) , (ii) learning by construction, and
(iv) visualisation

Differentiating
theory

Teaching
analogies feature

Designed and generated games support:
(i) use of simple mathematical examples
(principle 1), and (ii) real life analogies
(principle 2).

4.5 Game generation

When generating a game using RGG, a first time user needs to create an account. This
is followed by logging in. Thereafter, game generation is made possible in nine steps.

Step 1 - Select how you want to create a game: Once logged in, a teacher can create
a game by: (i) using an existing game example, (ii) building one from scratch, and (iii)
using a previously saved progress file. In the experiments in this thesis, teachers mostly
created games using the given examples.

By selecting the first option, a teacher is presented with three game examples to
choose from - the Mushroom Picker, the DnD and the Runner Top Down games (See
Appendix C21). Due to time constraints the Runner Top Down game was not fully
designed. Consequently, it was not used in the experiments in this thesis. Upon making
a choice, a built-in template allows teachers to easily create customised game instances.

Step 2 - Select how the player will view the game: If a teacher opts to create a game
from scratch, they are prompted to choose how the player will view the game. Three
choices are available: (i) text-based, (ii) top-down, and (iii) side view (See Appendix
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C22)

Step 3 - Select the scene you want in the game environment:
In this step, the users who choose to create a game from scratch are presented with
pre-built scenes which they can use to create their games. The scenes are maze, custom
map and static game (See Appendix C23).

Step 4 - Add assets such as ground and wall sprites:
In this step, teachers select and add game assets such as ground and wall sprites to build
the game. In addition, they have the option to add objects like sprite images as well as
disable the built-in character (See Appendix C24).

Step 5 - Select the background image that will be displayed in the game:
To enable users to create unique game instances, this step allows teachers to select the
background image that they want in the game (See Appendix C25). This is significant
because images have an effect on the game play environment.

Step 6 - Add or delete a game level:
This step enables teachers to add or delete a game level (See Appendix C26). This pro-
vides flexibility in the game generation process, enabling teachers to expand existing
games, or develop new ones with detailed levels.

Step 7 - Edit a game level:
Other than adding a new level, teachers can also edit a game level. At this level, ex-
perienced users can create serious games by configuring the: (i) level programming
concept, (ii) question, (iii) difficulty, and (iv) code using a built-in template (See Figure
4.8). Otherwise, those who use existing game examples will adopt the concept level,
question, difficulty level, and programming code of the chosen game.

Step 8 - Give the game a title and a brief description :
In this stage, teachers give a tittle to the level and briefly describe it. These details will
be displayed whenever a new game instance is generated (See Appendix C27).

Step 9 - Download the generated game: At this stage, the instructor can download
the created game (See Appendix C28). This is followed by extracting the downloaded
zipped game folder. The folder can then be distributed to students. Upon receiving
the zipped folder, students are required to unzip it and run the executable application
(CSC500WGameGen) to start playing the game. Other than the executable application,
the zipped folder also contains the game generation folder, default assets folder, game
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Fig. 4.8 Level concept/ description/ question configuration

resources folder, configuration text file, and Unity applications (Figure 4.9) required to
play the game.

Fig. 4.9 Downloaded Items

Although the prototype generator is designed to allow game generation through
9 steps/ stages, when creating a game using a given example, stages 2, 3, and 7 are
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skipped. Likewise, when creating a game from scratch step 4 is skipped. This design
approach is meant to simplify the generation process for teachers. The game generation
aspects in the skipped steps are automatically derived from the built-in template.

4.6 Generated Games and Features Designed

4.6.1 First Iteration games

Based on the user needs and requirements analysis in Chapter 3, some programming
games were designed in the first iteration. This helped to conceptualise the types of
games that could possibly be generated by the tool. As an illustration, one of the games
was designed based on a real life analogy suggested by one potential user in the first
iteration. Figure 4.10 is an illustration of the game.

Fig. 4.10 First Iteration Game

Although it was not a fully playable programming game, we were able to idealise
some core features. These included pedagogical task, Python script input, Python out-
put, and Team Picker game output. The following functionalities were captured:

(i) a user interface was controllable by keyboard and mouse.

(ii) the interface was kept as simple as possible and as close to an IDE as possible for
players to recognise that they can code in Python and get the script output to be
able to debug.
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(iii) the game could be changed to any different game instance by changing only the
player assets.

(iv) the game was a 2D game and was as simple as possible to allow for optimal
resource usage.

Some requirements were suggested for improvement of the first iteration games by
the researcher and the two volunteer CS1 teachers during a development progress re-
view meeting. During this meeting, the student who had been contracted to develop the
prototype presented the games that had been designed. Some of the recommendations
that were made for consideration in the second and third iteration games were:

(i) the games should be fully playable.

(ii) the games should have at least three levels of increasing difficulty.

(iii) the games should have a point system to motivate players.

(iv) the games should have real life scenarios and simple mathematical examples used
by most teachers. when teaching the recursion topic such as the factorial of a
number, power of a number, binary search etc.

(v) the games should support visualisation through character movement in a recursive
manner as in the work by Chaffin et al. [48].

4.6.2 Second and Third Iteration Games

Most design suggestions from the first iteration were incorporated in the games de-
signed during the second and third iteration. Three programming games were designed.
Two were successfully completed but one was not. The two were the Mushroom Picker
and the DnD games. Each game had at least three levels with increasing difficulty.

To further improve the generated games and the prototype generator tool, the ten
postgraduates participants actively participated in the design of the second and third
iteration games. This was done during meetings organised by the representative of
postgraduate students. Supervisors do not attend such meetings. Three meetings were
held. The researcher presented the prototype and generated games to the participants in
the Gary Marsden meeting room. This was followed by suggestion for improvement.
Some of the suggestions were:

(i) the games should allow students to progress gradually from easy to difficult lev-
els.

(ii) students/ players should be able to see their progress as they solve the program-
ming tasks.
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(iii) from the HCI perspective, the tool and the generated games should be simple,
visually appealing, efficient and usable.

(iv) the generated games should be easy to learn and remember.

(v) the generated games should provide immediate feedback to the player.

(vi) the students should be able to visualise execution of recursive functions as they
play the generated games.

The proposed suggestions were given to the student developer for consideration in
the second and third iteration games and prototype design for improvement. Figure
4.11 and Figure 4.12 are illustrations of the DnD and Mushroom picker game instances
respectively.

Fig. 4.11 DnD game instance

4.6.3 Features of the Generated Games

Pedagogical goal: It is worth noting that the games generated by the prototype in the
third iteration present players (students) with a pedagogical goal/ learning task (Fig-
ure 4.14). This feature appears above the visualisation feature. Tables 4.4 and 4.5
demonstrate the alignment of the Mushroom Picker and DnD game levels to pedagogy
[126, 148] in CS1.
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Table 4.4 Alignment of the Mushroom picker game levels to pedagogy in CS1

Level Learning outcome/
task

Programming
concept

Python code snippet

1 Complete the given
code to pick up all
mushrooms in the
level

Function

def pickUpAllMushrooms():
#insert commands here
#available commands:
RIGHT()
LEFT()
UP()
DOWN()
PICKUP()

2 Complete the given
code snippet by
entering a stopping
condition for the
algorithm

Recursion - Stop-
ping condition

def pickUpAllMushrooms():
#insert stopping condition

below
if():
return:
RIGHT()
PICKUP()
RIGHT()
pickUpAllMushrooms()

3 Complete the recur-
sive function to pick
up all the mush-
rooms

Full Recursion

def pickUpAllMushrooms():
#insert code here
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Table 4.5 Alignment of the DnD game levels to pedagogy in CS1

Level Learning outcome/
task

Programming
concept

Python code snippet

Complete the given
code so that the func-
tion returns double the
given parameter x

Function def double(x):
#insert code here

2 Complete the given
code so that the
swingsword function
returns the factorial
of 0 if the parameter
n is smaller than 1
otherwise it returns 0

Recursion - pa-
rameters, base
case, recursive
call

def swing sword(n):
#insert code here

3 Complete the function
swingsword so that it
calls itself but only if n
is greater than 1, other-
wise it should return the
factorial of 0

Recursive call
with stop condi-
tion

x=0
def swingsword(n):
global x
if(n<1):
return 1
else
x += 1
n -= 1
#insert recursive call here

4 Complete the code
snippet so that the
function swingsword
returns the factorial of
the parameter n given
to it (n)

Recursive call
recursiveCalls=0
def swingsword(n):
global recursiveCalls
recursiveCalls += 1
#insert code here
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Fig. 4.12 Mushroom Picker game instance

Integrated Development Environment: The generated games have an IDE fea-
ture that is useful for monitoring student problem solving activities and coding be-
haviour [140]. This feature allows learners to compete python code snippets and run
their algorithms [101, 68, 126, 148]. Any syntax or logical errors made by a student are
displayed in the output area. Figure 4.14 shows the feature. Furthermore, the Mush-
room picker game allows students to use simple commands such as UP(), DOWN(),
LEFT(), RIGHT()[2, 56], which make programming easy for novices.

Visualisation: There is growing interest in the use of visualisation as an effective
pedagogical strategy for teaching abstract concepts to CS students [186, 197, 278]. This
design approach has the potential of engaging learners in an active and interactive en-
vironment [66]. One of the key design features of the games generated by the proposed
tool in the second and third iterations is an interactive visual environment that allows
learners to view the execution of their code in a recursive manner through character
movement [48, 56]. Figure 4.14 illustrates a visualisation of level 3 game play interface
of a sample game built from the Mushroom picker game. Figure 4.13 is an illustration
of an instance of a game created from the Mushroom picker game example.
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Fig. 4.13 Mushroom picker game Level 3 play interface
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Fig. 4.14 Visualisation, IDE and Pedagogy features
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Motivation/ reward: In CSE, some works have underscored the motivational im-
pact of serious games on CS1 students [27, 229, 246]. Consequently, motivation is
another important feature that was considered during the games design. For each level
completed successfully, the generated games award trophies and health points to learn-
ers as recommended by some serious games design scholars [68, 101, 148, 126]. This
provides instant reward [209] to effectively optimise such engagement, hence reinforces
learning. This is shown in Appendix C29.

4.7 Summary

This Chapter presented the User Centered Design approach adopted to design and de-
velop the Recursive Game Generator Tool prototype. UCD is a common software de-
velopment method that lays emphasis on user participation, contextual inquiry, and
iterative design. The iterative nature of these phases gave the author an opportunity
to continuously refine the requirements and the prototype with potential users. In ad-
dition, unique design features such as configuration/ customisation, pedagogical goal,
IDE, visualisation, and motivation/ reward guided the design of the experimental plat-
form evaluated in the next Chapter.
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CHAPTER 5

Experimental Design

This Chapter presents the evaluation protocol adopted for this study. The purpose of
the study was to investigate the conceptual design attributes and the effectiveness of a
game generator tool to support CS educators to teach programming. In addition, the
educational potential of the generated games was investigated. Ainsworth and Fleming
contend that the success of any learning material authoring tool depend on two factors:
(i) “the extent to which the authoring tool is usable by its intended user population

(classroom teachers, university lecturers, adult trainers)”, and (ii) “whether the result-

ing systems are effective at supporting learning” [5, p. 1]. Given its difficulty among
students, the recursion topic was used as a case study. User needs and requirements
analysis studies [17, 18] informed the design and development of a prototype game
generator tool called RGG. In order to evaluate the concept of a game generator tool in
higher education, four user studies were conducted. Three were done with the generator
and one with the generated games. CS1 programming teachers evaluated the prototype
being the primary users while students evaluated the generated games as the secondary
users. Teachers used the prototype to create custom games and answered the USE ques-
tionnaire [135] based on their experiences. Additionally, they completed the Attrakdiff
questionnaire [94]. On the other hand, CS1 students played the generated games and
answered the Game Experience Questionnaire GEQ [103].

Findings of the first, second and third experiments provided empirical evidence that
helped in answering the second research question: How effective is the use of a gen-

erator tool by CS educators in creating games to teach recursion? On the other hand,
findings of the fourth experiment provided empirical evidence that helped in answering
the third research question: What is the suitability and educational potential of the gen-

erated games to enable students to learn the topic of recursion? The reasoning behind
the three experiments conducted with the teachers is that educators are the target pri-
mary users of the proposed game generator tool, students are merely secondary users.
The success of the students depends largely on the ability of teachers to effectively
use the tool to create games. Experiment four was done with CS1 students as poten-
tial secondary users of the tool. By having students play and evaluate the generated
games, their educational suitability and potential was demonstrated. This validated the
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games. The protocols followed for experiment one, two, three and four are presented in
Sections 5.1, 5.2, 5.3 and 5.4 respectively.

5.1 Experiment One

5.1.1 Purpose

Some scholars have reported that authoring tools ought to be usable by practicing class-
room teachers [180]. In line with this, this was an online experiment designed to evalu-
ate the usability of a prototype game generator tool called RGG designed to support CS
educators in higher education to create games to teach introductory programming. The
basic idea is that using RGG the instructors, even without game programming skills,
could easily create serious games for CS1.

5.1.2 Participants

CS1 instructors from higher learning institutions from Kenya and South Africa partic-
ipated in this evaluation study. Kenya and South Africa were chosen mostly for con-
venience purposes. The subjects from South Africa were recruited from a list of 23
programming lecturers created during the Southern African Computer Lecturer’s Asso-
ciation (SACLA) conference in 2018. The researcher, who was in attendance, explained
the intention of the study to the lecturers during tea and lunch breaks. This was followed
by a request to participate. Lecturers who were willing to take part shared their contact
details with the researcher. Afterwards, an invitation email was sent out. On the other
hand, respondents from Kenya were recruited by snowball sampling through recom-
mendations from colleagues since the researcher (a programming lecturer from Kenya)
had already established a few contacts.

5.1.3 Tasks

Participants performed the following tasks:

(i) create user account and log in;

(ii) complete a demographic questionnaire;

(iii) create a custom game using a given DnD and Mushroom Picker game example;

(iv) customise the created DnD and Mushroom Picker games;

(v) download the created DnD and Mushroom Picker games;

(vi) play test the created DnD and Mushroom Picker games; and
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(vii) complete the post-test questionnaire and rate:

• task performance experience

• tool ease of use

• tool learnability

• tool usefulness

• satisfaction with tool

• overall opinion about the tool

5.1.4 Procedure

Ethical clearance was obtained from the University of Cape Town. A pilot study was
first conducted with five volunteer instructors from the University of Cape Town. The
intention was to (i) ensure that respondents understood the questionnaire terminology,
(ii) reduce chances of bias due to leading questions, and (iii) ensure that the question-
naire could be completed in a reasonable amount of time. Afterwards, invitation emails
were sent to potential participants for the main study. Willing participants signed up
and completed a consent form. This was followed by sending an online pre-test survey.

Upon receiving a completed pre-test survey from each participant, an online post-
test survey was sent out. The post-test survey was sent only to respondents who com-
pleted and submitted the pre-test survey. In addition, a link to the prototype game gener-
ator tool, a video tutorial and a task sheet were provided. The design approach adopted
reduced chances of social desirability bias [185] and gave users a reasonable exposure
to the tool (one month). This reduced chances of variability in the usefulness dimension
ratings [135]. Upon completing the post-test survey, interested participants entered into
a draw for a chance to win 500 South Africa Rand as compensation for their time and
internet data. In total, ten prizes were given. A summary of the procedure follows:

5.1.5 Data collection Methods

Quantitative UX data was collected through user self-reporting. Likert scales were used
to collect both pre-test and post-test study data. The standard USE questionnaire [135]
was adopted, given the recent evidence of its reliability and validity [122]. The pre-
test survey contained questions about demographics. On the other hand, the post-test
survey had questions on the user task experience, RGG’s usability and one last overall
question on final comments about the tool. Data on the final user comments was col-
lected through an open ended question. All responses were collected and stored using
the LimeSurvey tool. This ensured reliability of the given answers as each participant
only answered once using a given token.
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5.1.6 Criteria Used to Answer Research Question 2

RQ 2. How effective is the use of a generator tool by CS educators in creating games

to teach recursion?

In an attempt to answer this research question, experiment one sought to provide ev-
idence of the effectiveness of the prototype by understanding the user experiences of
CS1 programming instructors from Kenya and South Africa when using it as a means
of creating serious games [16]. The following four sub-questions were answered:

1. What is the post task experience of CS1 instructors from Kenya and South Africa

after using the RGG prototype game generator tool?

2. How useful and easy to use do programming instructors from Kenya and South

Africa find the RGG prototype game generator tool?

3. How do programming instructors from Kenya and South Africa find the learn-

ability of the RGG prototype game generator tool?

4. How satisfied are programming instructors from Kenya and South Africa with the

RGG prototype game generator tool?

To address the four sub-questions, this experiment measured perceived task perfor-
mance metric and the prototype’s usability. In user experience studies, “a metric is used

as an indicator that is measured to gauge the experience of the user while interacting

with a product, system or service” [104, p. 3]. Four metrics have been predominantly
used in the UX domain, namely: (i) task performance metric, (ii) issue-based metric,
(iii) self-reported metric, and (iv) behavioural and physiological metric [8]. Task per-
formance metric evaluates the experience of users while interacting with the system.
Issue based metric assesses the issues or problems that users encounter while using the
system whereas self-reported metric evaluates users’opinions about a product or system
after using it. Physiological metric measures how users actually feel when using a sys-
tem. In this online experiment, we used task performance and self reporting metrics.
Task performance metric was measured based on three criteria: (i) task difficulty [8],
(ii) task success [8, 100], and (iii) the estimated time on task [8, 100]. Though recom-
mended as a complementary measure of UX [279], we did not use physiological metric
such as galvanic skin response given the online nature of the experiment.

5.1.7 Task difficulty

To understand the level of difficulty users experienced when performing different tasks,
participants were asked to rate the extent to which they agreed or disagreed with the
statements on task easiness. Histograms were then used to present frequencies.
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5.1.7.1 Task success

To evaluate the effectiveness of the tool in supporting CS1 educators when using it to
create games to teach programming, respondents were asked to perform the tasks and
rate their levels of success. Task success was measured on three levels: complete suc-
cess, partial success and failure. Complete success and partial success were further
broken down into success with or without assistance. Assistance involved seeking help
from the help menu. Failure was further categorised into two: (i) thought the task was
easy but it was not, and (ii) failure - gave up (meaning the participant failed at perform-
ing the task and just gave up). These levels were clearly explained to participants before
using the tool [8].

5.1.7.2 Estimated time on task

To measure the tool’s efficiency, participants were asked to give an estimate of the time
they spent while performing each of the four tasks. This was done on a 5 point scale.
Time ranges (discrete time intervals) were used, where 1 represented 10 to 13 minutes.
2 represented 7 to 10 minutes, 3 represented 5 to 7 minutes, 4 represented 3 to 5 minutes
and 5 represented 0 to 3 minutes. Like the task success, histograms were used to present
frequencies.

Meanwhile, usability was evaluated based on four metrics: (i) usefulness; (ii) ease
of use; (iii) ease of learning and (iii) satisfaction. These were measured through the
standard USE questionnaire [117]. USE was adopted because of the demonstrated evi-
dence of its reliability and validity [122].

In literature, Technology Acceptance Model (TAM) [59] assumes that acceptance of
any technology depends on the perceived usefulness, and ease of use. Some researchers
also found out that teachers’s perceived usefulness and ease of use of technology play
a key role in determining their intention to use it [232]. Therefore, in this experiment,
participants evaluated the prototype’s usability [190] through self-reported data using
four metrics, namely: perceived (i) usefulness; (ii) ease of use; (iii) learnability; and
(iv) satisfaction with it.

5.1.8 Analysis and Presentation

Statistical Package for Social Sciences (SPSS) software was used to perform descrip-
tive analysis on collected data. USE was then scored separately for each of the four
dimensions (usefulness, ease of use, ease of learning, and user satisfaction) by calcu-
lating the percentages of respondents in each category of the Likert scale for each item
in the dimension. Stacked bar charts are used to analyse and present the percentage of
users who fall into each category or level [8]. These percentages are then compared
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across the categories or tasks. For the estimated time on task and perceived task suc-
cess, histograms are used to present frequencies. On the other hand, self-reported text
responses from final user comments are categorised, coded and analysed thematically
[273]. Emerging themes were discussed and agreed upon by the researcher and the su-
pervisor. Only results from respondents who completed both the pretest and post-test
questionnaires are included in the final analysis.

5.2 Experiment Two

Some scholars have also argued that the adoption potential [22, 23] of the GBL ap-
proach generally depends on its acceptance by classroom teachers [40, 95]. Luxton
et al. underscored the need to test CS1 support tools with other instructors within the
wider CSE community [139]. Therefore, to further demonstrate the usability and adop-
tion potential of the proposed game generation idea, we conducted a second user study
with CS1 educators drawn from the wider CSE community.

5.2.1 Purpose

This experiment was conducted to gain further insights from the wider CSE commu-
nity about the usability of the prototype based on additional usefulness items on top
of the ones provided by the USE questionnaire. Additionally, the aim was to explore
specific design features of the prototype. This study was considered useful because
its findings would provide insights on what features may be particularly well-suited to
programming games development.

5.2.2 Participants

We recruited CS1 higher education instructors from the CSE community as participants
given that the statements and questions created mainly reflected practices and chal-
lenges related to their work. To reach this target group, we sent the survey invitation
to two mailing lists. These were the Southern African Computer Lecturers’Association
(SACLA) mailing list and the SIGCSE-members listserv. Some participants were re-
cruited by reference and introduction by colleague lecturers. In addition, some of the
respondents were recruited during one of the ACM sponsored conferences where the
researcher was a participant. In total, this experiment had 28 participants. It is worth
noting that this was a follow up of experiment one. Potential participants from Kenya
and South Africa who had participated in the first experiment did not take part in the
second study.
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5.2.3 Procedure

The following procedure was followed:

(i) ethical approval was obtained from the University of Cape Town;

(ii) invitations were sent to SACLA, SIGCSE-members mailing lists and other po-
tential participants’email addresses;

(iii) links to the prototype, a video tutorial and a task sheet were provided in the sur-
vey;

(iv) willing participants completed an online consent form;

(v) participants used the prototype to perform the experiment tasks (See Sub-Section
5.1.3); and

(vi) participants completed an online survey.

5.2.4 Criteria Used to Answer Research Question 2

RQ 2. How effective is the use of a generator tool by CS educators in creating games

to teach recursion?

To answer the research question 2, this experiment addressed two sub-questions:

1. How useful do CS1 instructors find the prototype game authoring tool after using

it to create games to teach recursion?

2. What design features do CS1 instructors find most useful?

To answer the first sub-question, we tested additional usefulness items other than the
ones proposed in the standard USE questionnaire. To answer the second sub-question,
we investigated the usefulness of some unique prototype design features. The features
included (i) custom game generation, (ii) built-in template, (iii) visualisation, (iv) sup-
port for Windows and Linux Operating systems, (v) Python IDE, (vi) no game program-
ming required, (vii) Help feature, and (viii) game download and distribution support,
among others. Teachers provided feedback on the design features they found most use-
ful. This data was considered useful as it provided an assessment of particular tool
features. The finding could inform design of future programming game authoring tools.
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5.2.5 Data collection and Analysis

Quantitative UX data was collected through user self-reporting. The first section of
the survey had questions that collected demographic information. The next section
elicited data concerning the perceived usefulness of the prototype. Another section had
a question that sought to understand the prototype’s features that were perceived by
instructors as most useful. All collected data was stored in Lime Survey. For analysis,
we used SPSS software and descriptive statistics. Thematic content analysis was used to
analyse qualitative responses. Open-ended responses were transcribed using Microsoft
Word software. Each free text-response was coded with one or more categories. The
researcher and the supervisor independently studied the responses to come up with the
categories. Where there were disagreements, meetings were set to harmonise them.
Tables are used to summarise and present findings.

5.3 Experiment Three

In this experiment, the prototype game generator tool was empirically evaluated in a
controlled laboratory user experiment with trainee teachers [16]. A within-subject de-
sign was employed. Participants were asked to evaluate UX when creating custom
games using RGG. The games were created from two game examples (the DnD game
and Mushroom picker game) that were given to users. The research team comprised of
two people. They included the main researcher and a volunteer research assistant. The
research assistant was a CS high school teacher from Kenya who had interacted with
the prototype in the first experiment.

5.3.1 Purpose

The controlled experiment sought to investigate the subjective usability and user ex-
periences (dependent variables) of CS trainee teachers when using a prototype game
generator tool to create games to teach the recursion topic. It was also meant to test the
adoption potential by this group of potential users.

5.3.2 Participants

The participants of the study were CS trainee teachers from the Faculty of Education.
This target group lacks practical pedagogical experience. Moreover, like CS Teaching
Assistants (TAs), they are likely to face teaching challenges [218, 217] and probably
would have limited classroom management skills [136]. Consequently, it was believed
that they could benefit more from the proposed idea of a game generator tool. This
could particularly be the case during their teaching practice or immediately when they
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get employed. Indeed, a recent study underscored the need to seek the views of teachers,
including pre-service and in-service trainees whenever new tools and methodologies
are considered in the teaching and learning process [109]. The authors argue that this
is critical since teachers are the ultimate adopters of such strategies and tools in prac-
tice. Their attitudes and views could influence the intention to use the tools in future.
In this regard, the subjects of this experiment were training as high school GBL teach-
ers. Therefore, one of their teaching subjects was computing. Participants were drawn
from Kenyatta University (KU) in Kenya (a University known for training high school
teachers). The target respondent group was motivated by the fact that (i) at the time
of the experiment, most universities in the country have resumed face to face learning
after eight months of closure due to the Covid-19 pandemic and, (ii) the ethical clear-
ance process is faster in Kenya than in South Africa. In addition, it was assumed that
the target respondents (i) had been taught some programming courses, (ii) had learnt
how to plan teaching computing in high school, and (iii) would definitely encounter the
challenges of teaching programming (especially the difficult topic of recursion).

5.3.3 Materials

The following materials were used in the experiment:

(i) an online informed consent form;

(ii) a print out of task sheet;

(iii) a video tutorial;

(iv) a computer with a Web browser and Internet connection;

(v) the Attrakdiff 2 questionnaire; and

(vi) an exit survey.

5.3.4 Tasks

Tasks performed by participants included:

(i) log in using a given user account and password;

(ii) create custom game by customising assets;

(iii) download the generated game;

(iv) customise the generated game;

(v) play test the generated game;
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(vi) complete the Attrakdiff 2 questionnaire; and

(vii) complete the exit survey.

5.3.5 Criteria Used to Respond to Research Question 2

RQ 2. How effective is the use of a generator tool by CS educators in creating games

to teach recursion?

To answer the second research question, this experiment sought to address 2 sub-
questions:

1. What is the adoption potential of a support tool that uses the concept of a game

generator to help CS trainee teachers to create games that can teach program-

ming?

2. What is the overall opinion of CS trainee teachers about the RGG and the gener-

ated games?

Game generation and play experiences were measured through subjective ratings of
the (i) usability, (ii) user experience, and (iii) qualitative statements. The summative
measures were taken from a suitable sample of potential users who performed given
tasks in a realistic context of use [36]. The AttrakDiff questionnaire developed by
Hassenzahl et al. [94] was used to assess the perceived pragmatic quality, hedonic
quality, and attractiveness of the prototype game generator. The questionnaire has four
scales with a total of 26 items. The items that are on a scale from -3 to +3 are measured
as a semantic differential. Each item consists of a pair of terms with opposite meanings.

5.3.6 Procedure

Ethical clearance and study planning
Ethical clearance was first sought from the University of Cape Town. This was followed
by acquiring two more research approvals, namely a research permit from the National
Commission for Science, Technology and Innovation (NACOSTI) in Kenya, and an
approval letter to conduct research at Kenyatta University in Kenya. The researcher
established rapport with two lecturers who acted as contact persons at Kenyatta Univer-
sity. One was from the Faculty of Education while the other came from the Department
of Computer Science.

During every visit to the University, the research team strictly adhered to the proto-
cols laid down to mitigate the spread of the Covid-19 pandemic. Some of these included
(i) identification and registration with the Campus Security Officers (CSOs) manning
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the main entrance gate, (ii) frequently washing and sanitising hands, (iii) wearing face
masks, and (iv) keeping social distancing. At the Department of Computer Science, the
research team held two meetings with the contact lecturer and the class representative to
plan the study. The lecturer had just concluded practical programming classes with the
learners in a CS1 course. The lecturer had taught basic programming concepts such as
variables, loops, conditionals, procedures, functions and lists. The concept of recursion
had also been introduced.

A follow up meeting was later scheduled with the target participants in the labo-
ratory. During the meeting, the lecturer introduced the research team. Before each
meeting, all participants washed their hands using the facility at the entrance of the
department’s building and sanitised inside the laboratory. The team was neutral to the
participants as none of the members was a lecturer at the University. The team then
explained the purpose of the study and demonstrated the way in which the prototype
game generator tool works, using a video. This was followed by requesting the trainee
teachers to participate in a study to evaluate the prototype. Through the class repre-
sentative, the researcher announced the study in the class mailing list and other social
media platforms. A week before the main experiment, two further visits were made to
the department to secure and set up the laboratory.

Pilot study
First, a pilot study was conducted with five out of the 27 volunteer participants. The five
did not participate in the main experiment. They used the prototype to create custom
games from the DnD game example and completed the Attrakdiff 2 questionnaire. The
aim was to ensure that the (i) Lime Survey platform and Amazon servers (on which
the prototype was hosted) were stable, (ii) respondents understood the Attrakdiff 2
questionnaire terminology, and (iii) questionnaire could be completed in a reasonable
amount of time.

Main experiment
A laboratory with internet access was set up for the main experiment. The same lab-
oratory used to teach the students during practicals was used. This gave respondents
a familiar environment [125]. A total of 22 participants who did not participate in the
pilot study were divided into two equal groups (11 students each). Each participant
was randomly assigned to one of the groups. Before the experiment, the team ensured
that each respondent wore a face mask and sanitised. A printout of the task sheet was
then given to each participant. After that, the research team again explained the pur-
pose of the experiment and the tasks to be performed. Each participant signed an online
informed consent form. The first group (Figure 5.1) started by using the prototype to
create custom serious games from the DnD game example, then played the generated
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games. This was followed by completing an online Attrakdiff 2 questionnaire. Next,
the group generated serious custom games from the Mushroom Picker game example.
Afterwards, they played the generated games, then again completed an online Attrakd-
iff 2 questionnaire. Finally, every group one member completed an online exit survey
comprising demographic information and wot optional open-ended questions. These
questions allowed the users to further express any personal general views about the pro-
totype and any negative experiences for future improvements. During the experiment,
other than the participants, only the researcher and the research assistant were present.
Their roles included clarifying the tasks to participants and answering queries. Before
group one participants left the laboratory, the researcher thanked them for their time.

This procedure was repeated for the second group (Figure 5.2) until all the 22 par-
ticipants completed evaluating the prototype. However, for the second group, the order
was reversed. Participants first generated custom games from the Mushroom picker
game example followed by from the DnD game. The two groups did not interact with
each other during or immediately after the first experimental laboratory session. Each
test session lasted for approximately one hour and 40 minutes. The following is a sum-
mary of the procedure followed during each laboratory session:

Fig. 5.1 Group 1 Participants Fig. 5.2 Group 2 participants

(i) The team ensured that each respondent wore a face mask and had sanitised;

(ii) the participants were welcomed to the experiment;

(iii) a total of 22 participants were randomly assigned to 2 groups, each comprising
11 students;

(iv) the first group remained in the laboratory to do the experiment;

(v) invitation to the survey was sent to the participants;

(vi) participants signed an on line informed consent form;
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(vii) an online link to the RGG prototype was given to participants;

(viii) participants were issued with a printout of the task sheet;

(ix) participants were issued with a print out of the Attrakdiff questionnaire;

(x) the research team explained the purpose of the experiment and the tasks to be
performed;

(xi) participants were taken through the meaning of the opposite word pairs of the
Attrakdiff 2 questionnaire;

(xii) participants used the prototype to create custom serious games from the given
game examples;

(xiii) participants play tested the generated games;

(xiv) participants completed an online Attrakdiff 2 questionnaire and an online exit
survey;

(xv) participants returned the task sheet and the Attrakdiff questionnaire print outs;
and

(xvi) the researcher thanked participants for their time.

(xvii) Steps five (v) to sixteen (xvi) were repeated for the group 2 participants.

5.3.7 Data collection and analysis

Both quantitative and qualitative UX data were collected through user self-reporting.
Three surveys were answered by each respondent. The first and the second used Lik-
ert scales to collect overall subjective user experience using the standard Attrakdiff 2
questionnaire. The third was an exit survey containing demographic information and
two open ended questions. The first question was about the most negative issues while
the second captured overall comments about the prototype and the game generation
idea. We used SPSS to compute and analyse the mean score for each scale of Attrakd-
iff. Mean values of the word pairs were computed and analysed. The mean values
were compared across the pragmatic quality, the hedonic quality, and the attractiveness
scales. The evaluation was pegged on a 7-point semantic differential scale (i.e.-3: com-
plicated, +3: simple). For analysis, we gave answers the values:-3, -2, -1, 0, 1, 2 or
3. Text responses from the final user comments were categorised, coded and analysed
thematically [273]. NVivo 12 software was used to analyse qualitative data.
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5.4 Experiment Four

The work in this thesis was primarily about the game generator tool and not the games.
Nonetheless, in this experiment, additional feedback is collected from students to eval-
uate the suitability and the educational potential of the generated games. This is inline
with the early works by Khenisi [117], Eaachak et al. [72], and Marchiori et al. [150].
In this experiment, the games generated using RGG were evaluated by CS1 students to
evaluate their educational potential. Students played the given games and answered the
Game Experience Questionnaire GEQ. In addition, they completed open ended ques-
tions to give final comments about the played games.

5.4.1 Purpose

The purpose of this online experiment was to evaluate the generated custom games
with CS1 students. We wanted to elicit feedback from the learners’perspective [249]
on the suitability and educational potential of the generated games to enable learning of
the difficult topic of recursion. This experiment had three specific objectives, namely:
(i) to assess the user experience of CS1 students after playing the games created from
the prototype game generator tool; (ii) to find out which game design features CS1
students found most useful; and (iii) to investigate CS1 students’overall opinions about
the educational potential of the generated games to enable students to learn the difficult
topic of recursion. A CS game is considered educational if the game “activity teaches

a computer science topic, that is, the student understands a topic better or is more

skilled at a task after playing the game” [82, p. 2]. It is worth noting that the main
contribution of this thesis is the prototype game generator tool called RGG and not the
games. Nonetheless, similar to the prior works by Gaeta et al. [76] and Perez-Colado
et al. [210], we conducted an additional experiment with students (secondary users) to
demonstrate the suitability and educational potential of the generated games.

5.4.2 Participants

The participants of this experiment were CS1 students from the Faculty of Science in
the Department of Computer Science at the University of Cape Town in South Africa.
The target audience was chosen because the students had just completed the CS1 course
and definitely had encountered the difficulty of learning the recursion topic.

5.4.3 Materials

In this experiment, the following materials were used:

(i) the Game Experience Questionnaire;
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(ii) an online informed consent form;

(iii) an online task sheet; and

(iv) a computer or laptop with a web browser and internet connection.

5.4.4 Tasks

The following tasks were performed by participants:

(i) download the games shared through Google drive link;

(ii) play the downloaded game;

(iii) complete the Game Experience Questionnaire; and

(iv) answer the open ended questions on the overall opinion about the potential of the
generated games to enable students to learn the recursion topic.

5.4.5 Procedure

This study was conducted online given the Covid 19 pandemic in South Africa at the
time. The researcher and three volunteer CS1 lecturers from the University of Cape
Town independently generated four game instances each using the prototype game gen-
erator tool. Two games were created from the DnD game example and the other two
from the Mushroom Picker example. A total of 16 games were created, eight were in-
stances of the DnD game and the rest those of the Mushroom Picker game. Afterwards,
the researcher selected half of the generated games. Four games were picked from the
generated DnD games and another four from the Mushroom Picker games. The crite-
ria used to select the eight games ware: (i) the game represents an attractive UI, (ii)
the game is downloadable, (iii) the game is playable, and (iv) the game can potentially
demonstrate the concept of recursion. The eight selected games were assigned to the
20 participants. Every participant received a pair of games through a Google drive link.
Each pair had one DnD game and one Mushroom Picker game instance.

(i) The researcher sought ethical approval to conduct the experiment with CS1 stu-
dents from the University of Cape Town;

(ii) through the CS1 course convener, the researcher sent invitations to participants;

(iii) willing participants signed up for the study;

(iv) before the experiment, willing participants signed an online informed consent
form;
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(v) a Google drive link to the folder containing a pair of the generated games was
shared with participants in each group;

(vi) participants downloaded the shared games;

(vii) participants played the downloaded games offline;

(viii) participants rated the played programming games using the Game Experience
Questionnaire;

(ix) participants completed the question on the game design features they found most
useful;

(x) participants completed open ended questions on final or general opinions about
the potential of generated games to learn recursion;

(xi) participants submitted the completed survey; and

(xii) participants were rewarded 50 Rands for their time.

5.4.6 Criteria Used to Respond to the Third Research Question

RQ 3. What is the suitability and educational potential of the generated games to

enable students to learn the topic of recursion?

In order to answer the third research question, students played the generated games
and reported on their experiences and the games’educational potential. In this regard,
three metrics were measured, namely the: (i) user experience of CS1 students after
playing the games created from the prototype game generator tool; (ii) game design
features CS1 students found most useful; and (iii) CS1 students’overall opinions about
the educational potential of the generated games to enable them to learn the difficult
topic of recursion. Three sub-questions were posed as follows:

1. What is the experience of CS1 students after playing games created from a proto-

type game generator tool called RGG to learn recursion?

2. Which game design features did CS1 students find most useful?

3. What is the overall opinion of CS1 students about the potential of the generated

games to support students to learn the topic of recursion.

To evaluate the educational potential of the generated games, the Game Experience
Questionnaire method was used. The GEQ has three modules, namely (i) the core
questionnaire, (ii) the social presence questionnaire, and (iii) the post-game module
[103]. Students’game play experiences were assessed using the core GEQ questionnaire
based on seven components:
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(i) Immersion - a measure of the degree of a player’s involvement or engagement
with a game [42, 92] hence direct positive effect on perceived learning [92] ;

(ii) Flow - a measure of a player’s concentration, challenge and skills leading to en-
joyment and perceived learning [92, 251];

(iii) Competence - a measure of the skills acquired by the learner as a result of playing
an educational game [92];

(iv) Positive affect - a measure of the absence of in-game experiences like frustration,
disappointment, irritation, and anger or post-game experiences such as regret,
guilt, disappointment, anger and revenge [203];

(v) Negative affect - a measure of the presence of in-game experiences like frus-
tration, disappointment, irritation, and anger or post-game experiences such as
regret, guilt, disappointment, anger and revenge [203];

(vi) Tension - a measure of the extent to which players are frustrated with a game
[83];

(vii) Challenge - a measure of the extent to which players feel that they can progres-
sively accomplish game learning tasks. It means striking a balance not designing
too difficult game learning activities to enable students to build on what they al-
ready know and at the same time taking care not to introduce too easy activities
that could potentially bore the learners [270, 82].

Hamari et al., found that challenge has a direct positive influence on immersion,
engagement and perceived learning [92]. In addition, they found a positive association
between engagement and perceived learning. Gibson and Bell suggested that the extent
to which a game is engaging is one of the criteria used for evaluating games for teach-
ing CS [82]. In this experiment, we wanted to understand whether or not the played
generated games and the designed learning tasks challenged participants enough to en-
able them to learn programming [92] within their Zone of Proximal Development [270].
It is believed that such user experiences could have a great bearing on the adaptation
potential of the GBL approach to induce learning programming in CSE.

5.4.7 Data collection and analysis

The Game Experience Questionnaire was used to collect data on the subjective experi-
ence of CS1 students after playing the games generated from the prototype.

• Likert scales were used to collect overall subjective user experience using the
Game Experience Questionnaire. Scoring guidelines for the core GEQ module
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were used as suggested by Ijsselsteijn et al., [103]. Each of the seven component
or measure scores were calculated as the average values of its items [183, 103,
184].

• Qualitative comments were coded and analysed thematically.

• SPSS was used to analyse quantitative data.

5.5 Summary

This Chapter presented the protocol used for the empirical experiments conducted to
evaluate the prototype game generator tool (the Recursive Game Generator - RGG) and
the generated games. A description of the aim, objective, and participants for each
experiment was provided. In addition, the Chapter summarised the tasks performed
by participants, materials used, procedure used and the study design. The Chapter also
discussed the evaluation criteria used to answer the second and third research questions.
Finally, data collection and analysis methods was summarised. Next, Chapter 6 presents
and discusses findings from the evaluation experiments.
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CHAPTER 6

Results and Discussion

6.1 Introduction

This Chapter presents and discusses the results obtained from four empirical evaluation
studies conducted in this thesis. Three are with a prototype game generator tool to
support CS1 teachers in higher education and one with the generated games to help
students learn the topic of recursion. The results of experiments one, two and three
provide empirical evidence that answer the second research question: “How effective

is the use of a generator tool by CS educators in creating games to teach recursion”?
Meanwhile, results of experiment four provide evidence that answer the third research
question: “What is the suitability and educational potential of the generated games

to enable students to learn the topic of recursion”? Findings of experiment one are
presented in Section 6.2. This is followed by those of experiment two in Section 6.3.
Section 6.4 is a summary of results of the experiment three. Findings of experiment
4 are summarised in Section 6.5. Lastly, comparative analysis of participant cohorts
results is in Section 6.6.

6.2 Experiment One

This experiment was conducted with CS1 instructors to provide empirical evidence of
the effectiveness of the prototype game generator tool. This was done by evaluating
it’s usability. Metrics such as ease of use, usefulness, learnability, and user satisfaction
were measured. In addition, post-task ratings including task difficulty, task success, and
the estimated time on task were measured.

6.2.1 Demographics

30 experienced CS1 instructors from Kenya and South Africa took part in this study. A
total of 60% of the respondents considered themselves as gamers while only 20% had
used games in teaching. Table 6.1 is a summary of other demographic information.
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Table 6.1 Demographic information of Experiment one

Variable Category Freq Percentage
%

Age 25 - 30 years 2 6
31 -35 years 5 16
36 -40 years 8 27
41 -45 years 11 38
46 -50 years 3 10
Above 50 years 1 3

Education Bachelor degree 2 6
Masters degree 20 67
PhD. or higher 8 27

Institution High school 2 6
Tertiary college 4 14
University 24 80

Experience Less than 5 years 2 6
5 -10 years 12 40
11 -15 years 11 38
16 -20 years 3 10
Over 20 years 2 6

6.2.2 Task difficulty

For all the post task rating Tables and Figures, the tasks are: Task 1 - creating an ac-
count and logging in; Task 2 - creating a custom game using a given example; Task 3 -
customising the created game, and Task 4 - downloading the created game. Figure 6.1
shows a visualisation of the results in a stacked bar chart. Overall, the findings suggest
that most users found the tasks easy to perform with the RGG tool, with creating user
account/ logging in (94%) and downloading the created games (91%) being ranked as
the easiest. This was followed by creating a custom game using a given example (74%)
and lastly customising the game (71%). 20% found creating a game using an example
difficult.

6.2.3 Task success

Table 6.2 presents the task success results, where ‘failure 2’stands for ‘failure-thought
the task was easy but it was not’, ‘success 1’stands for partial success with assistance,
‘success 2’stands for partial success without assistance, ‘success 3’stands for complete
success with assistance and ‘success 4’stands for complete success without assistance.
The values in the table are the number of participants who considered themselves suc-
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0% 20% 40% 60% 80% 100%

Downloading the created game is easy

Customising the created game is easy

Creating a game using an example is easy

Creating account and logging in is easy

Strongly disagree Disagree Slightly disagree Neutral
Slightly agree Agree Strongly Agree

Fig. 6.1 Task Difficulty Rating

cessful on the tasks in each task success level. The findings suggest that participants
were successful in most tasks. Considering the sum of participants who successfully
completed the tasks with or without assistance, 27 (90%) successfully created a user
account and logged in. This was followed by downloading the created game 25 (83%),
creating a game using an example 23 (77%), and lastly customising the created game
20 (66%). Meanwhile, eight participants (27%) were partially successful in task 3. This
was followed by five participants (17%) on tasks 2 and 4 respectively. In addition, three
participants (10%) reported partial success on task 1. Two participants (6%) reported
failure in tasks 2 and task 3. Finally, no failure was reported in task 1 and task 4.

Table 6.2 Number of participants successful on the tasks under various task success
levels

Failure
gave up Failure 2 Success 1 Success 2 Success 3 Success 4

Task 1 0 0 2 1 24 3
Task 2 0 2 2 3 11 12
Task 3 1 1 5 3 10 10
Task 4 0 0 2 3 22 3

6.2.4 Estimated time on tasks

We asked participants to give an estimate of the time they spent while performing each
of the four tasks to measure the tool’s efficiency. This was done on a 5 point scale.
Time ranges (discrete time intervals) were used, where 1 represented 10 to 13 minutes.
2 represented 7 to 10 minutes, 3 represented 5 to 7 minutes, 4 represented 3 to 5 minutes
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and 5 represented 0 to 3 minutes. Figure 6.2 is a visualisation of the spread of comple-
tion times by all users presented as frequencies of participants in each scale. Results
indicate that 23 (77%) users spent 0-3 minutes in task 1. In task 4, 15 (50%) users spent
0-3 minutes. Meanwhile, 5 (17%) users estimated spending 10 - 13 minutes in task 2.
In task 3, 4 (13%) teachers said that they spent between 10 - 13 minutes. No participant
spent more than 7 minutes in task 4.
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Fig. 6.2 Estimated Time on Task Rating

6.2.5 Usefulness

To evaluate the usability of the RGG tool, respondents answered the USE questionnaire
[135], which has four dimensions: Usefulness, Ease of use, Ease of learning and Sat-
isfaction. Participants’ratings of the tool’s usability on these dimensions were scored
from 1 for strongly disagree to 7 for strongly agree. For the usefulness dimension,
results obtained suggest that most CS1 lecturers surveyed answered affirming the use-
fulness of the RGG tool. As can be seen in the stacked bar chart in Figure 6.3, overall,
87% agreed that the tool would be useful for helping programming instructors to create
games to teach the recursion topic . Another 94% of the participants agreed that the tool
would make the things programming instructors want to accomplish with the tool easier
to get done. 84% said that the tool would save them time when creating games to teach
programming. Lastly, 81% reported that the RGG tool would either make instructors
more productive in their teaching, more effective or give them control over their teach-
ing activities. However, some 10% of the users found the tool not useful in saving time,
suggesting possible improvements in future. These results demonstrate the pedagogical
promise of the RGG game generator tool in teaching programming in higher education.
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0% 20% 40% 60% 80% 100%

Tool would save me Time

Tool would make things easier get done

Tool would give me more control

Tool would be useful in creating CS1 games

Tool would make me more productive

Tool would make me more effective

Strongly disagree Disagree Slightly disagree Neutral
Slightly agree Agree Strongly Agree

Fig. 6.3 Perceived Tool Usefulness

6.2.6 Ease of Use

Figure 6.4 presents the subjective rating of the tool’s ease of use by participants. Most
participants found the tool easy to use (87%), simple to use (81%), usable (80%) and
requiring the fewest steps to accomplish tasks (74%).

0% 20% 40% 60% 80% 100%

Requires fewest steps to do tasks

Tool is user friendly

Tool is simple to use

Tool is easy to use

Strongly disagree Disagree Slightly disagree Neutral
Slightly agree Agree Strongly Agree

Fig. 6.4 Perceived Ease of Use

6.2.7 Ease of Learning

When asked to evaluate the usability of the tool on the learnability dimension, results
suggest that, overall, participants found RGG easy to learn. In total, about 80% of
the respondents said that they either learnt the tool quickly or that they could easily
remember how to use it. Another 77% reported that it was easy to learn how to use
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it. Generally, these results suggest learnability of the tool. Among the participants who
disagreed, 13% reported that it was neither quick nor easy to learn to use the tool. Figure
6.5 presents the subjective rating of the tool’s ease of learning by the participants.

0% 20% 40% 60% 80% 100%

It is easy to learn to use tool

I easily remember how to use tool

I learnt to use the tool quickly

Strongly disagree Disagree Slightly disagree Neutral
Slightly agree Agree Strongly Agree

Fig. 6.5 Perceived Tool Ease of Learning

6.2.8 User Satisfaction

We asked the participants the extent to which they agreed or disagreed that they were
satisfied with the tool based on the satisfaction items in the USE questionnaire. Figure
6.6 presents a summary of responses as a percentage. In total, results obtained show that
83% of programming instructors agree that they would recommend the RGG generator
tool to a friend with 56% strongly agreeing. Another 81% agreed that they both needed
to have the tool at their work place and that it was wonderful. 77% felt that the tool
was fun to use. Lastly, approximately 75% of the respondents were either satisfied with
RGG or thought it worked the way they wanted it to.

6.2.9 Final user comments

Lastly, we asked respondents to give one final comment about the RGG tool to gain
more insight about their impressions. Respondents were of the opinion that RGG was a
useful and noble tool for supporting teaching programming in higher education (80%).
In addition, a majority (75%) strongly recommended its adoption in teaching program-
ming in higher education. Below are some direct exemplars:

• “It’s a useful learning tool to us lecturers and students.”
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I need to have tool at my work

The tool is wonderful

Tool works the way I want it to

It is fun to use the tool

I would recommend the tool to a friend

I am satisfied with the tool

Strongly disagree Disagree Slightly disagree Neutral
Slightly agree Agree Strongly Agree

Fig. 6.6 Perceived User Satisfaction

• “This is a great tool that can help students to connect class concepts with real

applicability.I would recommend it to be improved further and adopted for teach-

ing.”

• “I think it is lovely and a lot of fun - I think it would help a lot of students and

lecturers and maybe entice some of the lazier kids to get involved.”

• “I strongly recommend it for adoption in teaching Recursion in Computer Pro-

gramming.”

• “It’s a brilliant tool for teaching the concept of functions and recursion in partic-

ular.”

• “The research is very useful and it will enable our students to learn how to use

such algorithms by implementing them in games applications.”

It is worth noting that while most of the teachers had good UX with the RGG tool
and gave positive final comments, there were also some negative comments. Among
others, some teachers were not happy with: (i) the user interface, (ii) the log-in and
authentication process, (iii) game feedback mechanism, (iv) the auto-marker feature, (v)
gender bias in design, and (vi) use of only python language. While the comprehensive
details of the negative comments are in Appendix C10, bellow are some exemplars:

• “The interface is not intuitive.”

• “The authentication process is too strict for a teaching tool.”

• “Does not provide hints on how to solve problems.”

• “Lack of ability to customise more parts of it, for example the editor, language..cannot

even choose Python 3 which is more recent.”
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• “I think it might be a bit of a miss for girls..we often forget about females when

we thin programming.”

• “Help Section is confusing and it takes effort to notice and remember relevant

parts.”

• “I could not figure out how to create my own games.”

• “It does not allow full programming by students.”

• “Instructions to students in the given examples is really fuzzy.”

One particular teacher who was extremely negative was not convinced that the
games generated by the prototype could teach the recursion concept to students. Fol-
lowing is an excerpt of the comment from the teacher as demonstrated in Appendix
C11.

“ Overall, I don’t think that the games that this tool generates would teach stu-

dents recursion more effectively than the usual assignments given in Computer Science

courses. To be blunt, I think this is just a nice way to ”gamify” any programming

task, not just recursion. There are actually games out there on the market, that I have

played, that teach much more about the concepts behind recursion than this tool, un-

fortunately....I feel that the creator of this tool must definitely do some more research

on current games on the market that can teach programming (since these would also be

available to universities, for a price), as well as academic literature perhaps (although

I am not well-versed in this area of Computer Science at all) and make design decisions

for the Recursive Game Generator Tool informed by what is currently state of the art”.

6.2.10 Discussion

The teacher who said that the generated games cannot be compared with professionally
designed games in the market was actually right. There is no way this comparison can
be done. This is because the games in the market are designed by professional game
developers but the ones in this thesis are generated. Also, the software is merely a
prototype designed to test the idea of a game generator. Furthermore, as the teacher
rightfully claims, commercial games are readily available. However, they may lack
pedagogy in their design and are generally not easy to customise, but teachers always
like tailoring their learning material to the needs of their teaching contexts. The aim
of this thesis was to aid non-technical teachers with a game authoring tool that could
enable them to easily create educational games.

Partial success means that the users did not completely succeed in performing the
tasks neither did they fail [8]. This provides additional useful information that cannot be
obtained when we use only binary success. Such additional information may include:
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(i) why some users failed a particular task and (ii) which particular tasks users needed
help [8]. In the context of this experiment, it seems that users required additional help
in task 3 followed by tasks 2 and 4 respectively. Meanwhile, users required least help
in task 1.

Overall, findings from this study’s usability evaluation with educators agree with
those of previous similar work [262]. The finding that the prototype can generate games
that can allow students to practice coding is in line with the design principle for pro-
gramming games [48]. For games generated from the Mushroom picker example, upon
completing the code snippet, students can visualise the execution of their code/ algo-
rithm through a character moving recursively as recommended by [48] and Eagle and
Barnes [73]. Additionally, the games created from the Mushroom picker example use
simple commands (LEFT(), RIGHT(), UP(), DOWN()) for novices in sync with the
ALICE programming game [56]. The game generator prototype not only extends these
design principles; it also authors customisable games in line with recommendations by
Marchiori et al. [150].

One limitation of this experiment was the missing feedback from students. How-
ever, the primary users of the proposed tool are CS1 educators who interact directly
with it. Students are merely secondary users who are affected by the capability of the
primary users to carry out tasks with the tool [143]. Nonetheless, experiment four ad-
dressed this concern. Consequently, by testing the idea of a game generator tool using
a prototype and evaluating it with instructors, the positive findings on usability and
general comments potentially demonstrate that the tool could be suitable for adoption
by CS1 instructors to support teaching novices. Consequently, this answers research
question two.

6.3 Experiment Two

This experiment sought to provide additional empirical evidence of the effectiveness of
the prototype game generator tool to support CS1 educators as well as highlight key
design features. It had two contributions:

1. It provided additional empirical evidence of the perceived usefulness of the pro-

totype as a support tool for CS1 teachers, further demonstrating the adoption

potential; and

2. It identified key game authoring features that could lead to design strategies for

future serious games development.
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Table 6.3 Demographic information of Experiment two

Variable Category Freq Percentage
%

Courses taught Only CS1 16 57
CS1 and advanced
courses

12 43

Game Program-
ming skills

None at all 7 25

Low 15 54
High 6 22

Experience Less than 5 years 7 25
5 -10 years 9 32
11 -15 years 6 21
16 -20 years 3 11
Over 20 years 3 11

Used GBL before Yes 9 32
No 19 68

6.3.1 Demographics

The number of participants in this experiment were 28. The distribution by country
was such that 18 came from Kenya, two - South Africa, three - Malawi, two - United
States of America, and one from Brazil, Finland and Ireland respectively. Furthermore,
the subjects varied by (i) CS programming courses they teach, (ii) game programming
skills, (iii) teaching experience in years, and (iv) whether or not they had taught using
games. Table 6.3 is a summary of the demographic information.

6.3.2 Usefulness and suitability of the prototype

In the first experiment [16], we reported on CS1 educators’perceived usefulness of the
prototype using the Usefulness measure defined by Lund in the USE questionnaire [20].
In the second experiment, additional usefulness items were developed to get a broader
sense of the prototype usefulness according to CS1 instructors (the potential adopters).
Figure 6.7 is a visualisation of the responses.

The sum of percentage responses of the agree and strongly agree categories suggests
that participants believe that the generated games are easy to distribute (75%). This was
followed by the revelation that the prototype increases integration of the educational
value and that the generated games could support student centered learning (72%). In
the third place was the feeling that it reduces game production cost and effort and that
the generated games support student centered learning (71%). It is also positive to note
that about 68% of the participants thought that the prototype is useful to both students
and teachers and that the generated games are useful for teaching the recursion topic in
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Fig. 6.7 Responses to Additional Usefulness items

CS1. A similar percentage equally believed that the prototype could be applied in many
other CS1 topics. Overall, the results were in line with findings of the first experiment
[16].

However, instructor responses on all items revealed one surprising finding that a
significant number (18%) were neutral. We expected that respondents would either
agree or disagree. One possible reason could have been the fact that most instructors
have not used game authoring tools before. Or maybe, they are not strong programmers
themselves. Therefore, they could not easily make judgments.

6.3.3 Prototype’s most useful features

To understand instructors’views about the prototypes’s most useful features, respon-
dents chose from a list of 13 features. Participants were allowed to select more than
one. Table 6.4 presents the number of participants and the percentage for each fea-
ture. Going by the percentage of participants, results show that the top five most useful
features were:

(i) Custom game generation (64%)

(ii) Built-in game generation template (57%)

(iii) Support for common operating systems (54%)

(iv) No game programming required (50%)

(v) Game download and distribution support; Integrated Development Environment
(IDE) in the generated games; and Character customisation (46%)
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Table 6.4 Ranking of the prototype’s perceived useful features

Feature Participants↓ Percentage↓

Custom game generation 18 64%
Built-in game generation template 16 57%
Supports common operating systems 15 54%
No game programming required 14 50%
Game download and distribution support 13 46%
IDE in the generated games 13 46%
Character customisation 13 46%
Player reward and motivation 12 43%
Built-in assets 11 39%
Built on top of Unity engine 11 39%
Help feature 11 39%
Database file storage 9 32%
Works with devices that support coding 7 25%

6.3.4 Final comments

Participants were given an opportunity to express their final general comments about
the prototype and the proposed game generation tool. This feedback was captured us-
ing the open ended question: “What is your general comment about the game generator

tool”? Fifty (50) responses were coded into eight categories or themes. Table 6.5 shows
the results. Overall, instructors indicated that the game generator tool was a good and
an innovative idea 15 times (30%). Respondents also commented about the usability
of the prototype, noting that it was useful 15 times (20%) and easy to use and saves
time (seven times, 14%). Additionally, teachers reported that the generated games were
interesting and engaging eight times (16%). They also said that they would recommend
the tool to colleagues seven times (14%). One response (2%) noted the fact that the
design could support common operating systems. The Mushroom Picker game’s design
was lauded as great given its ability to also teach loops (2%). However, one response
noted that students may have problems with the last level regarding recursion. While
the rest of the raw data is found in Appendix C12, below are examples of two quotes:

“It is a promising tool and the future customization of games and their problems will

be fantastic. However, I would like to call attention to some of its characteristics. 1)

The Mushroom picker is great. It’s able to be used to help students to understand LOOP

also. In the case of the last question (regarding recursion), as the students cannot see all

the paths and their obstacles, they may have some problems reaching a good solution.

2) In my opinion, students may experience a cognitive load on trying to understand

what they have to do to solve the Runner game”.

115



“It is a timely and very useful game generator tool that makes it easier for me to

create customised games to assist in teaching the topic of recursion. Its Help, built-in

game generation template, Custom game generation, game download and distribution

support features stand out in making it very easy to learn and use. I also like the

fact that it has support for common operating systems (Windows and Linux). I highly

recommend it for widespread distribution and use”.

Table 6.5 Top 8 themes from final general comments

# Theme Frequency↓ Percentage↓

1 Good and innovative idea 15 30%
2 Useful 10 20%
3 Generated games interesting and engaging 8 16%
4 I recommend the tool 7 14%
5 Easy to use and saves time 7 14%
6 Cognitive load with Runner Up game 1 2%
7 Support for common Operating Systems 1 2%
8 Students can’t see all parts in Mushroom-

Picker Last Question
1 2%

Total 50 100%

6.3.5 Discussion

The problems identified in the last level of the Mushroom Picker game and Runner
games provide opportunities for improvements. For instance, the Runner game was
implemented using procedural content generation but was not fully designed due to
time constrains. Nevertheless, there is the possibility to complete the game and fully
implement procedural content generation in future work [166]. Moreover, participants
were clearly instructed in the task sheet to only evaluate the Mushroom picker and the
DnD games. However, it seems that some participants were eager to test all the three
games.

Overall, this study’s results suggest that the instructors had a positive user experi-
ence with the prototype game authoring tool. The fact that instructors found it useful
that the generated games are easy to distribute addresses the deployment stage adop-
tion issues (game delivery and distribution) raised by Torrente et al. [261]. Likewise,
it responds to the ease of installation and running evaluation criteria of CS educational
games suggested by Gibson and Bell [82]. The finding that the tool increases integra-
tion of the educational value and that the generated games can support student centered
learning attempt to tackle the design stage issues of harmonising educational value with
fun [228, 261]. Furthermore, results show that the instructors agreed that the prototype
is useful with respect to reduction of game production effort and cost. This helps in
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Table 6.6 Demographic information of Experiment three

Variable Category Freq Percentage
%

Age 18 - 20 years 14 63
20 -22 years 6 27
22 -24 years 1 5
Above 24 years 1 5

Teaching subject Maths/ Computer 19 85
Chem/ Computer 1 5
French/ Computer 2 10

Game prog. skills None at all 2 10
Low 10 45
High 10 45

Gamer Yes 17 77
No 5 23

resolving the reported production stage barriers (cost, time, technicality) in previous
works [4, 261].

Finally, the finding on the prototype’s most useful features (custom game genera-
tion, built-in generation and that no game programming is required) suggest that instruc-
tors with basic computer skills could easily create and customise their own educational
games. This could enhance the adoption of GBL in mainstream teaching. We argue that
the findings of experiment two provide additional empirical evidence demonstrating the
effectiveness of the prototype game generator tool, hence answers research question 2.

6.4 Experiment Three

To further demonstrate the effectiveness of the proposed tool, the third experiment at-
tempted to investigate the subjective usability and user experiences of CS trainee teach-
ers when using the prototype game generator tool called RGG to create games to teach
the recursion topic. The standard Attrakdiff questionnaire [94] was used.

6.4.1 Demographics

The sample of the main study varied by age, teaching subjects, interest in games, and
learning with game experience, among other things. A total of 63% of the final study
participants fell within the 18 to 20 age bracket. A total of 85% had registered for
mathematics and computing as their two teaching subjects. A total of 77% considered
themselves as gamers. A total of 95% had not been taught any course using games
before while 60% did not study computing in high school. Results of the demographic
information are summarised in Table 6.6.
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Table 6.7 Mean values

Dimension DnD game Mushroom picker game

PRA 0.95 1.64
HQ-I 1.36 1.68
HQ-S 1.32 1.68
ATT 1.73 2.01

6.4.2 Scale mean scores

The mean values for the four AttrakDiff dimensions (scales) were arrived at by aver-
aging the values of all answers inside each dimension. Table 6.7 presents the details
and the graph in Figure 6.8 is a visualisation. In the graph, the vertical axis shows the
average assessment values of word pairs inside each group while the horizontal depicts
the four word groups/ dimensions. The dimensions are PRA, HQ-I, HQ-S, and ATT.

PRA HQ-I HQ-S ATT
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Fig. 6.8 Attrakdiff dimensions average values

Overall, the UX reported by participants suggests a good experience when creating
custom games from both the DnD and Mushroom Picker game examples. The graph
shows that the values were above zero for all dimensions. However, the attractive-
ness dimension was rated the highest by all participants for the prototype game genera-
tor. This suggests that respondents found the prototype’s design attractive and likeable.
Moreover, participants appeared to have had a positive general impression of the proto-
type. The pragmatic quality results suggest that users found it easy to understand how
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to use the prototype and felt in control of their interactions with it, especially, when
creating custom games from the dynamic Mushroom Picker game example.

The HQ-I and HQ-S mean scores were similar for the Mushroom Picker game ex-
ample and almost the same for the DnD game. This reveals that users found the pro-
totype equally stimulating in terms of novelty, content and interaction when using it to
create custom games from both game examples. Additionally, it suggests that playing
the generated games was straight - forward, brought players closer to the game play and
connected them to other players, particularly, for the dynamic Mushroom Picker game
example. Results for the Hedonic quality are promising, given the prominence the CS
research community has accorded it [64].

6.4.3 Pragmatic Quality

Figure 6.9 presents the mean values of word pairs of PRA and HQ-I dimensions of
the Attrakdiff questionnaire. PRA represents word pairs “technical - human” , “com-
plicated - simple”, “impractical - practical”, “cumbersome - straight forward”, “unpre-
dictable - predictable”, “confusing - structured”, and “unruly - manageable”. It mea-
sures the usability of a product in terms of how successfully a user can use a product to
achieve her/ his goals [154]. Results suggest that using RGG to create custom games
from both DnD and the Mushroom Picker game examples gave trainee teachers a posi-
tive usability experience. However, the experience was more positive for the Mushroom
Picker game example than the DnD game. As can be seen from Figure 6.9, the proto-
type was clearly structured and manageable. This suggests that users were in control of
their interaction with it and found the user interface organised.

6.4.4 Hedonic Quality Identity (HQ-I)

Regarding HQ-I dimension (Figure 6.9), respondents rated all the items positively.
This indicates that participants socially identified [154] with the prototype. This finding
is particularly useful given that most participants were within the 18 - 20 and 20 - 22
years age brackets. Additionally, they found the prototype connective, professional,
stylish and premium. The high perception of HQ-I towards the use of RGG highlights
an interesting result - that is young and inexperienced CS teachers found the prototype
socially engaging. This could potentially increase acceptance of the game generation
idea [192] among this group of users who may need it most given their limited teaching
experience.
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Fig. 6.9 Pragmatic and Hedonic Quality Identity Word Pairs Mean Values

6.4.5 Hedonic Quality Stimulation (HQ-S)

Hedonic Quality Stimulation (HQ-S) indicates the extent to which a product can support
user needs relating to novelty, content, stimulation, and presentation of style [154].
Figure 6.10 shows that users found the prototype inventive, creative, bold, innovative,
captivating and challenging. This result suggests that the prototype was perceived by
users as novel and stimulating.

6.4.6 Attractiveness

Concerning the attractiveness dimension, respondents found the prototype attractive,
likeable, appealing and good when creating and playing custom games from both the
DnD and Mushroom Picker game examples, as depicted in Figure 6.10.

6.4.7 Qualitative comments

To gather more insights about the prototype, we asked respondents to answer two open
ended questions. The first was about the bugs / technical issues they encountered during
the usability test and any design suggestions. The second was on their final opinions.
Regarding bugs/ technical issues, two themes arose: (i) prototype hosting - Internet
speed; and (ii) syntax errors. Fifty five percent of the participants reported slow down-
load of the generated games when testing the prototype. However, this had nothing to
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Fig. 6.10 Hedonic Quality Stimulation and Attractiveness Word Pairs Mean Values

do with the prototypes’s hosting but rather the slow Internet speed in the laboratory.
In addition, some had challenges with Python syntax since they had not encountered
programming with the language. One participant suggested the use of different colour
code segments to ease code readability and debugging. Findings of the second ques-
tion indicate that words like: (i) game(s); (ii) generator; (iii) good idea; (iv) teaching;
(v) teach; (vi) programming; (vii) help; (viii) learners; (ix) teacher; and (x) students
appeared more times (had the highest percentage). Raw data is available in Appendix
C12.

Overall, thematic content analysis revealed that 70% of the respondents found a
game generator tool a good idea for supporting trainee CS teachers who may wish to
adopt game based learning during their teaching practice or when they start teaching.
Another 65% noted that the generated games were interactive, practical, interesting and
fun for learning programming. Some direct quotes follow:

• “The generator prototype is a convenient tool for generating games, especially

for teachers to use as a teaching aid”.

• “The game generator tool is a noble idea”.

• “The creation of the game was good and a learning experience at the the same

time....”.

• “Can be used by teachers in teaching because first it is more fun,.. Challenges

learners to be also innovative ...”.
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• “It can help students and teachers in programming”.

While a large percentage of participants reported positive user experience with the
tool and the generated games, a further analysis of the qualitative comments revealed
that some 35% faced some technical and programming challenges. Some of the chal-
lenges these participants faced included slow network speed and syntax errors among
others. The following examples of negative comments demonstrate these challenges.

• “Indentation was some how challenging”.

• “Network speed was very slow”.

• “Slow network connections”.

• “Failure to run a problem due to some errors in my program”.

• “Knowing the exact manner of inputting the solution was tricky and how to indent

to in the right way was hard too”.

• “The game should be more presentable and realistic..use real and attractive fea-

tures”.

6.4.8 Discussion

The positive findings based on experiences of trainees from this study are promising and
a clear indication of the potential adoption of the proposed game generator tool by this
group in teaching programming in higher education. Similar to results from a previous
study, the finding that participants were excited with the game generation idea and the
created games suggests that trainee teachers are most likely to adopt such teaching tools
[189].

Regarding development, two issues emerge from the results that could inform design
of future serious games or other programming tools. They include the need to consider:
(i) different colours in the code snippets design; and (ii) other programming languages.
Different colours is perceived to improve code readability and debugging. On the other
hand, the finding that participants had a better UX with the Mushroom Picker game due
to the visualisation feature is consistent with the work by [48].

Finally, the fact that all generated games have an IDE could be useful to teachers
for checking students’problem solving activities and coding behaviour [140]. One lim-
itation for this experiment could be the limited number of respondents. However, 22
participants (70%) could be considered representative enough given the Covid 19 pan-
demic. Moreover, the respondents had been taught some programming courses as well
as how to prepare computing classes. Consequently, they were deemed suitable for the
experiment.
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Overall, the evidence gathered from this experiment established that respondents
had a good UX with the prototype and found the game generator idea to be good. We
therefore argue that supporting CS trainee teachers with such game authoring platforms
could generally have the potential of advancing the adoption of GBL in CSE education,
particularly among this target audience.

6.5 Experiment Four

In order to ascertain that serious games have positive learning impact on players, there
is a need to assess game play experiences of such games [216]. This can be done
formally by using exams or informally by testing the ability of a player to perform a
game task that maps to a particular learning goal [216]. In this section, findings of a
user study conducted to assess game play experiences of 20 CS1 students are presented.
In this regard, the section provides convincing empirical evidence about the validity of
the generated games for learning programming. This is done by demonstrating the
educational potential of the generated programming games from the lens of students.
The standard Game Experience Questionnaire (GEQ) is used. In addition, participants
answer open ended questions.

6.5.1 Demographics

Twenty CS1 students participated in this study. The sample varied by age, CS majors
versus non-majors, competency with the Python programming language, gamers versus
non-gamers, those that had been taught with games before versus those that had not
and the operating system used in the experiment. A total of nine participants (45%)
were aged 18 years whereas six (30%) were 19 years old. A total of three participants
(15%) were 20 years old. Finally, three (10%) reported being 28 years old. Half of the
participants (50%) were majoring in computer science whereas the other 50% were non-
majors. Regarding Python programming language competency, one participant (5%)
reported being poor, ten (50%) said that they were average whereas nine (45%) thought
that they were good in the language. 12 participants (60%) considered themselves as
gamers and eight (40%) as non-gamers. Ten participants (50%) had been taught using
games before and the remaining ten (50%) had not. Lastly, regarding the operating
system used to carry out the experiment, a majority of participants (95%) used windows.
Only one out of 20 used Linux. All participants were recruited through the course
convener who sent an invitation link to the class mailing list.
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6.5.2 CS1 Students’Game Play Experiences

In this Section we present findings of participants’game play experiences based on: (i)
the mean score of each GEQ component as suggested by [103, 183, 184], and (ii) the
descriptive statistics of each GEQ component.

6.5.2.1 GEQ component mean scores

The GEQ has seven dimensions or components namely: competence, immersion, flow,
tension, challenge, negative effect and positive effect. Regarding participants’game
play experiences, each of the seven component mean scores were computed as the av-
erage values of its items [103, 183, 184]. Participants evaluated their game play ex-
periences on a five point Likert scale. ‘Not at all’was assigned the value zero (0) and
‘Extremely’the value four (4).

Mean scores for the Mushroom Picker game were highest on the negative effect,
tension, and positive effect components. The mean score for negative effect component
was 2.61. This was followed by a mean score of 2.60 for the tension component then
2.23 for positive effect component. Lastly, competence had a mean score of 2.11. A
high mean score suggests a positive user experience. Meanwhile, a mean score of 1.94
which is close to 2.0 was found for the immersion scale. This is a good indicator that
participants were immersed in the game play. The mean score for the flow items was
1.59 while that of the challenge items was 1.44. These two items recorded the lowest
mean scores.

Likewise, for the DnD game, highest mean scores were reported on the negative ef-
fect, tension, competence, and positive effect components, respectively. Negative effect
component had a mean score of 2.69. Tension component had 2.68 while competence
had 2.29. Lastly, the positive effect component had a mean score of 2.26. The mean
score for the immersion scale was found to be 1.89, which could also be considered
close to 2.0. This suggests a moderately acceptable level of immersion in the game
play. Nonetheless, findings revealed that participants did not have a good experience
with the challenge and the flow aspects of the DnD game. The challenge component
had a mean score of 1.09 while flow had 1.31. Table 6.8 presents a summary of the
game play experience statistics.

The most significant GEQ finding is that participants had positive experiences while
playing the generated games on the competence, positive effect, tension, negative ef-
fect, and immersion scales. The lowest means were observed in the item challenge for
both games, which was also found to be the least reliable of the measures (Mushroom,
α=0.67; DnD, α=0.76). These findings provide an opportunity for improvement on the
challenge dimension for both games.
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Table 6.8 GEQ statistics for the Mushroom Picker and DnD Games, N = 20, GEQ Scale
Ranges from 0 to 4 (adapted from [183]

GEQ No. of Means Means
Components Items Mushroom DnD

Competence 5 2.11 2.22
Immersion 6 1.94 1.89
Flow 5 1.59 1.31
Tension 3 2.60 2.68
Challenge 5 1.44 1.09
Negative Effect 4 2.61 2.69
Positive Effect 5 2.23 2.26

6.5.2.2 Descriptive statistics

Competence component
Regarding the competence component, the mean scores suggest that students acquired
programming skills as a result of playing the given games. In addition, descriptive
statistics indicate that students felt that they were skillful, competent and good at it
while solving programming tasks. They also noted that they were successful and ex-
plored things while playing the Mushroom Picker and the DnD games. This demon-
strates the possibility of a positive learning outcome on players. A summary of the
descriptive statistics is shown in Figure 6.11.

Tension component
On the tension component, a majority of students indicated that they did not feel an-
noyed, irritated or frustrated while playing the given games. For each of the three
tension items, the percentage of students who reported negatively was less than 50%.
Nonetheless, it seems as if the DnD game slightly frustrated some students. Otherwise,
the overall absence of tension suggests that the game play experience was enjoyable
and fun. This has the potential of reinforcing student motivation [274], attention and
immersion during the learning process [81]. This suggests high Quality of Learning Ex-
perience (QoLE) [256] by students. See Figure 6.12 for a summary of the descriptive
statistics.

Positive and negative effect components
Only few participants reported negative effect of the game experience. Instead, 50%
of the total participants agreed that they experienced a positive effect on the played
games. These results confirm the absence of negative in-game experiences like frustra-
tion, disappointment, irritation,boredom, and anger or post-game experiences such as
regret, guilt,disappointment, anger and revenge [203]. For the Mushroom picker and
the DnD games respectively, relatively few participants expressed that the games gave
them a bad mood (27%;20%) and that they felt bored (25%;27%). This shows that par-
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Fig. 6.11 Perceived Competence

ticipants experienced the played games as a positive learning intervention, hence the
potential of offering students the opportunity and motivation to overcome the difficul-
ties usually encountered when learning the topic of recursion. However, a slightly high
number of participants thought of other things(36%;40%) and found the two games tire-
some(45%;45%). Figures 6.13 and 6.14 are visualisations of the descriptive statistics.

Reliability test
To evaluate participants’game play experiences, first, Cronbach’s reliability test was
conducted. This was done to test the average level of correlation between all the items
in each of the Game Experience Questionnaire dimensions [183]. The measure tested
inter-item reliability to see if all the items in each dimension or scale measured the
same things. An Alpha (α) score of at least 0.70 or higher was taken to indicate a good
level of inter-item reliability. For the Mushroom Picker game, most GEQ dimensions
showed acceptable levels of reliability (Competence; α = 0.92, Immersion; α=0.95,
Flow; α=0.84, Tension; α=0.84, Negative effect; α=0.79, and Positive effect; α=0.84).
For the DnD game, it was found that all the GEQ scales showed acceptable levels of
reliability (Competence; α = 0.88, Immersion; α=0.93, Flow; α=0.79, Tension; α=0.90,
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Fig. 6.12 Perceived tension

Challenge; α=0.76, Negative effect; α=0.90, and Positive effect; α=0.93). A summary
of the reliability statistics is presented in Table 6.9.

6.5.3 Finding 3: CS1 Students’Perception of Played Games

To gain further insights on the game experiences with the played games, additional
items investigated specific design aspects of the played games. Others specifically
elicited insights on whether participants found the played games effective for learning
the topic of recursion or not. Figure 6.15 is a visualisation of the results.

A significant finding is that 60% of the total participants agreed that they found
the played Mushroom Picker game effective for learning the concept of recursion. In
addition, another 60% of the total participants reported that they found the visualisation
feature in the Mushroom Picker game a better way of learning the concept of recursion.
At the same time, approximately another 50% of the total participants found practicing
coding using a Python IDE in the Mushroom game environment a motivating way of
learning recursion. 30% disagreed that the IDE was motivating whereas 20% were
neutral. Nonetheless, considering the findings on the ranking of the most useful design
features of the played games (See Table 6.10), generally the IDE feature was considered
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Fig. 6.13 Perceived Positive Effect

important. Half of the participants expressed that the mushroom analogy chosen for the
Mushroom Picker game was a better way of learning recursion. Generally, these results
demonstrate the educational potential of this game’s design for learning programming
among CS1 students.

6.5.4 Finding 4: Rankings of most useful design features

When participants were asked to rank the most useful design features of the played
games, results indicated visualisation (85%), programming learning tasks (80%), Python
IDE (75%), player reward and motivation (50%), and navigation and interactions (35%).
At the same time, the least ranked features were color and design layout (30%) and both
multimedia elements and character customisation at 25%. This is almost the opposite
of teacher responses. The fact that students cannot customise the games could be the
reason why. Table 6.10 is a summary of the games design features’rankings.

6.5.5 Open ended questions responses

Finally, two optional open ended questions were asked to participants to gain more
insights that could further evaluate the effectiveness of the proposed game generator
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Fig. 6.14 Perceived Negative Effect

0% 20% 40% 60% 80% 100%

I found visualisation in the Mushroom Picker game better

The Mushroom game played was effective for learning recursion

I found coding using Python IDE in the DnD game motivating

I found the metaphors chosen for the DnD game appropriate

I found the static nature of the DnD game better

The DnD game played was effective for learning recursion

Strongly disagree Disagree Neutral Agree
Strongly Agree

Fig. 6.15 Students’perceptions of played games on additional items

tool concept from the perspective of students. The first question read - ‘what is your

final comment about the played programming games ’? Nineteen participants responded
to this question. In their own words, most of them reported that the played games
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Table 6.9 Reliability statistics for the Mushroom Picker and DnD Games, N=20

GEQ No. of Cronbach’s α Cronbach’s α
Components Items Mushroom DnD

Competence 5 0.92 0.88
Immersion 6 0.95 0.93
Flow 5 0.84 0.79
Tension 3 0.84 0.90
Challenge 5 0.67 0.76
Negative Effect 4 0.79 0.90
Positive Effect 5 0.84 0.93

Table 6.10 Ranking of most useful design features of played games

Feature Participants↓ Percentage↓

Visualisation 17 85%
Programming learning tasks 16 80%
Python Integrated Development Environment 15 75%
Player reward and motivation 10 50%
Navigation and interactions 7 35%
Color use and design layout 6 30%
Multimedia elements 5 25%
Character customisation 5 25%

were effective and had great potential of enabling students to learn the difficult topic of
recursion.

By giving a personal experience when first taught the recursion topic, one student
expressed how difficult it was to understand but acknowledged that the generated games
made it easier. This is captured in the excerpt: “When I was initially taught Recursion

in CSC1015F, I found it extremely hard to understand due to the fact it was pretty un-

conventional compared to standard looping mechanisms... however, in the way that the

Mushroom Picker game was presented, I felt it was much easier to grasp the concepts

being taught....furthermore, the gradual approach of the games was extremely effec-

tive in comparison to being taught the entire section in a few days with few physical

examples’.
To further illustrate the perceived effectiveness of the proposed game generator tool,

we performed a detailed thematic content analysis. Four themes emerged, namely: (i)
easier/ simple; (ii) potential; (iii) help; and (iv) recommend. Table 6.11 presents a
detailed thematic analysis.

Another significant result was that students preferred learning programming using
games in future and recommended the adoption of GBL in teaching and learning pro-
gramming. This can be illustrated by two responses: (i) “this games are way too good
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Table 6.11 Detailed thematic analysis of RGG’s effectiveness and potential

Theme Aspect Sample quotations

Easier Generated games made
learning recursion eas-
ier/ simpler

“I think it helped me understand the concept
better and it was easier to understand through
visuals and working through a game”.
“They were quite helpful to a large degree and
make learning programming a lot easier”.
“It helped a lot in learning programming as it
made it a bit simpler to learn”.

Potential Generated games have
the potential to teach re-
cursion

“The mushroom picker game, if combined with
story like the DnD game, has the most potential
to be useful as a tool for learning recursion”.
“I think there is potential for using games to
teach concepts like recursion”.

Helped Games helped students
learn programming

“They were quite helpful to a large de-
gree.........”.
“It helped a lot in learning programming”.

Fun Generated games are
fun, enjoyable and can
motivate students

“the games were very fun and provided a much
more enjoyable and different learning experi-
ence which I think should be adopted here and
there”.
“I enjoyed the games, especially the DnD
game....adventure is a good genre for learning
and it matched the concept (recursion) nicely...I
look forward to another more games”.

and I think it’s time kids play those kind of games to learn programming”, and (ii)
“I think the concept is cool and it would be nice to learn recursion using interactive

games”
In a surprising finding, one student expressed unhappiness with the level of chal-

lenge in the Mushroom Picker game, noting that it was more suited for a novice. The
participant nonetheless liked the challenge in the DnD game. This can be understood
from the quote: “I disliked the Mushroom game and think it’s too much for a novice

but I enjoy the DnD game with its explanations and bite sized code...it really made re-

cursion easier, when it’s taught step by step like that....I could see myself getting into

coding as a hobby if it was taught with games”. The revelation in the last part of this
feedback further demonstrates the potential of the played games to positively influence
the attitudes of students towards programming.

One student who presumably was not very competent in programming said “they

were a bit difficult to understand...it was hard to determine what to do taking into ac-

count that I don’t know recursion”. This statement when analysed alongside the feeling
that the Mushroom game was more designed for novices clearly confirms the challenge
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of designing programming games for the mixed abilities exhibited in most CS1 classes.
Some students seemed to appreciate the visual aspect of the Mushroom Picker game.
To illustrate this, some direct statements follow:

• “It was beneficial with regards to the visualisation of concepts relating to recur-

sion ”.

• “I think it helped me understand the concept better and it was easier to under-

stand through visuals and working through a game.”.

• “I think that the fact that it was so interactive and visual is what helped me better

understand the concepts of recursion”.

Two students seemed frustrated with the games. The first did not see any educational
value in them. He said, ‘the games did not actually teach anything ..they were more of

a test of my skills..there was no information or way to learn about recursion’. On
the other hand, the second acknowledged that the recursion concept was effectively
implemented in the games but noted that the layout was confusing, the instructions
were poorly worded and that the overall frustrating UX made it difficult to get to the
parts of the games that actually worked.

The second question was - ‘what changes or improvements would you like to see

in the played games to improve their effectiveness for learning programming ’? The
aim of this question was to elicit views of participants on design aspects of the played
games that needed improvement. Mixed reactions were reported on the suggested im-
provements for the played DnD and the Mushroom Picker games. Students proposed
improvements on the: (i) analogy used in the DnD game; (ii) IDE and interface design
of the played games; (iii) target topics so as to include other programming concepts in
addition to recursion; (iv) games’level of challenge; (v) user guides and tutorials; (vi)
DnD game visualisation; and (vii) feedback mechanisms such as use of leader-boards.

One student felt that the analogy used for the DnD game should have been improved.
The student expressed: “I do not believe that the analogy used for the D and D game

was effective. If compared to the Mushroom Picker game, where there was a clear set

of steps that needed to be repeated, the DnD game was harder to visualize. I think that

a more fitting analogy would greatly improve the learning experience of the D and D

game. For example, something like a car being required to move around a race track

for a specified number of laps would have been more fitting”.
Some students reflected that the IDE and interface design of the played games ought

to have been improved as well as the help feature. In particular, that of the DnD game.
This is demonstrated by the excerpt: “I think the tutorials should be more in depth. I

really struggled with the Mushroom Game. To me the first level’s code was too complex

and I struggled. The IDE was also not ideal in that game. It was however very suited to

132



the DnD game. The DnD game had me whizz through the levels because the explana-

tions and manageable goals really helped”. Students also felt that the generated games
should not be limited to teaching only the recursion topic but should include other CS1
topics as well. This is illustrated by response”, “do not limit the games to recursion,

teach almost every module using games or real world application”.
While a majority of students acknowledged the suitability of the played games for

learning recursion, some noted that they wanted more challenge, steady build up of
tasks, clear tasks, good feedback and help in the form of tutorials. This can be demon-
strated from the excerpts: (i) “The games are fine for learning, though I felt I wanted

more.....a little more challenge would be nice or rather extra stages”; (ii) “There should

be more of a build up as in DnD to a whole recursion solution...I also feel as though

the tasks were not very clearly and it would be nicer to get some sort of feedback when

things go wrong otherwise it is frustrating. Maybe a leader-board could be nice to mo-

tivate people too....The DnD game was very nice to play to learn recursion as it asked

for tasks that made sense and there was a gradual build up to a full recursive call that

we had to do ourselves”; and (iii) “I think the tutorials should be more in depth. I really

struggled with the Mushroom Game. To me the first level’s code was too complex and

I struggled. The IDE was also not ideal in that game. It was however very suited to

the DnD game. The DnD game had me whizz through the levels because the explana-

tions and manageable goals really helped”. Raw data on final student comments can
be found in Appendix C14.

6.5.5.1 Discussion

The game experience questionnaire revealed that it accurately measured its components,
except for the challenge component in the Mushroom picker game. Challenge recorded
a slightly lower Cronbach’s alpha value (0.67) than the expected score of 0.70 or above.
Game experience findings show that participants had a good experience while playing
the given generated games, in particular, on the competence, positive effect, negative ef-
fect, tension, and immersion dimensions. Results further indicate that different students
had mixed experiences with the challenge designed in the played games. For exam-
ple, whereas some liked the gradual introduction of challenge in the Mushroom Picker
game, others preferred that of the DnD game. This confirms that the played games
met the need to design learning interventions to cater for diversity in higher education
[51, 25, 222].

In addition, as was the finding in the third experiment with CS1 trainees, it was
confirmed that the visual and interactive aspects of the Mushroom Picker game proved
to be an effective pedagogical approach of teaching programming [73, 48, 186, 197,
278]. Moreover, the feedback that a majority of students found the games fun and
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enjoyable demonstrates their potential to engage, motivate and retain students in CS1
[81].

As confirmed by a response from one of the participants when giving final com-
ments, the played games seemed to have changed the attitudes [274] of some students
towards programming. There is also evidence to suggest that the approach could be
adopted to teach other programming topics in CS1 other than the recursion concept.
Finally, the finding that the supported IDE feature in the game environment was one of
the highly ranked indicates that design could enable players to gain knowledge through
exploration and practice [61]. The finding is in line with the constructivist design prin-
ciple of programming games [48].

Regarding the relatively large percentages of participants who chose to remain neu-
tral on some items, we predict that this could be explained by fatigue on the side of
participants. Respondents could have been involved in more than one online survey
given that most user studies at the University were being conducted online due to the
Covid-19 pandemic. Another reason could have been that may be they were not as
impressed with a game as their teachers.

One possible threat to validity of the findings could be the slightly low number of
participants. Nonetheless, an effort was made to attract both weak and strong program-
ming students through monetary compensation. In addition, this sample size is in line
with those of similar prior evaluation studies of game authoring tools with students
(n=20) [76, 150]. Therefore, overall, it could be argued that the empirical findings of
this experiment suggests that the games generated by the prototype game generator tool
called RGG had an educational potential from the lens of students. They could enable
CS1 students to learn the difficult topic of recursion and possibly other abstract CS1
topics in higher education. The student experiment was supposed to make a different
contribution from those of the teacher and trainee experiments.

6.5.6 Summary

This Chapter presented results obtained from four evaluation studies carried out in this
thesis. The first 3 evaluated the proposed game generator tool with teachers. The last
(experiment four), evaluated the generated games with students. In the first experiment,
the prototype was evaluated with 30 CS1 instructors from Kenya and South Africa who
answered a survey on the usability. Results demonstrated that the prototype is effective,
efficient, useful, and easy to use and learn. Additionally, instructors were satisfied
with the prototype and highly recommend adoption of a game generator tool idea for
teaching programming.

In the second experiment, the prototype was evaluated with 28 CS1 instructors from
seven countries who answered a survey on perceived usefulness. Results show that the
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prototype is useful. Generally, the top five most useful features suggest that the pro-
totype could significantly reduce the effort of game generation. Therefore, it could be
argued that the findings provide additional empirical evidence of the prototype’s use-
fulness, demonstrating the adoption potential of game authoring platforms as support
tools in CSE. In addition, the CSE community could consider the identified useful de-
sign features to inform design of other game based learning tools.

The third experiment evaluated the prototype with 22 CS trainee teachers from
Kenyatta University. Evidence gathered established that respondents had a good UX
with the prototype and found the game generator idea to be good. This thesis therefore
presents the argument that supporting CS trainee teachers with such game generator
platforms has the potential of advancing the adoption of GBL in CSE education, partic-
ularly among this audience. The proposed idea of a programming game authoring tool
could benefit both high school and higher education (tertiary) CS teachers. Lastly, ex-
periment 4 evaluated the prototype by assessing the game play experience of students.
Results indicate that students had a positive game play experience with the generated
games, suggesting a positive learning impact on players.

Overall, the positive experiences of participants in the four evaluation experiments
suggest that such a higher-order tool has the potential to effectively support teachers
and trainees to easily create customised serious games and that the generated games can
effectively help students to learn programming. Consequently, the tool could broadly
meet the needs of a diverse audience of instructors and students, hence increase the
adoption of serious games in programming education. As such, the second research
question is answered.

6.6 Comparative analysis of participant cohorts results

It is worth noting that teachers also evaluated and commented on the generated games.
When results from the four evaluation experiments are analysed comparatively across
the three participant cohorts, there are some comparisons and contrasts. For example,
teachers, trainees and students found the visualisation feature and the generated games
useful for supporting teaching and learning programming, particularly, the recursion
topic. All the three cohorts found the Mushroom-Picker game effective for learning
recursion compared to the DnD game. Moreover, they were all in agreement that the
generated games can apply to other CS1 topics. In contrast, not all the participant
cohorts found the IDE feature useful. Results indicate that only students and trainees
felt that the IDE feature was useful. It was surprising that teachers did not consider this
feature useful. The reason could be that their evaluation was more focused on the game
generator tool as confirmed by their positive ratings of the prototype’s usability, novelty
and the fact that it has a built-in game generation template.
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Meanwhile, only teachers and trainees found the customisation feature useful. On
the other hand, only trainees and students thought that the reward/ motivation feature
was important but not teachers. These findings could be explained by the assump-
tion that teachers and trainees were mostly interested in a toolkit that could support
customisable game generation, whereas students were keen on a fun environment for
learning programming. A summary of the comparative analysis of the findings from the
4 evaluation studies is shown in Table 6.12.

Table 6.12 Comparative Analysis of Participant Cohorts Results

Aspect CS
Teachers

Trainee
Teachers

CS1
Students

Found visualisation feature useful ✓ ✓ ✓

Were impressed with the generated
games

✓ ✓ ✓

Would recommend the tool for
teaching programming

✓ ✓ N/A

Would recommend the generated
games for teaching and learning
programming

✓ ✓ ✓

Generated games can support learning
programming

✓ ✓ ✓

Generated games can apply to other
CS1 topics

✓ ✓ ✓

Generated games are useful for
teaching and learning recursion

✓ ✓ ✓

Found customisation useful ✓ ✓ ✕

Found IDE feature useful ✕ ✓ ✓

Found help feature useful ✕ ✕ ✕

Found reward/ motivation feature
useful

✕ ✓ ✓

Found RGG tool usable ✓ ✓ N/A
Thought game generation was a novel
idea

✓ ✓ N/A

Found built-in game generation
template useful

✓ ✓ N/A

Found Mushroom-Picker game
effective for learning recursion

✓ ✓ ✓

Found DnD game effective for
learning recursion

✕ ✕ ✕

136



CHAPTER 7

Conclusions

This Chapter concludes the work done in this research study. Section 7.1 presents a
summary of the thesis. Section 7.2 is a summary of the study findings against research
questions. Section 7.3 presents the research implications. This is followed by research
limitations in Section 7.4. Lastly, Section 7.5 gives future research and final reflection.

7.1 Summary of thesis

The use of games in education is not new. Serious games have the potential to motivate
and engage students. As a way of promoting the adoption of GBL in programming edu-
cation, this thesis investigated a game generator tool to support non-technical educators
to easily create customised games. The work presented in this thesis was organised as
follows:

Chapter 1 introduces the study by providing a brief background, stating the problem,
research statement, and research questions. It also gives an overview of the research
scope, design, and contributions.

Chapter 2 gives a comprehensive review of past works related to the topic under
investigation.

Chapter 3 discusses three studies conducted to understand the user needs and re-
quirements to inform the design of a prototype game generator tool.

Chapter 4 presents the design and development of the prototype game generator tool
called RGG and provides justification for design choices.

Chapter 5 is on the experimental design followed when evaluating the prototype
game generator tool.

Chapter 6 presents the results obtained from four empirical studies done to evaluate
the prototype game generator tool and the generated games.

Chapter 7, the last in this thesis, concludes the research study by summarising find-
ings against the research question, implications, limitations and future work.
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7.2 Summary of the study findings against research questions.

This study aimed to investigate a game generator tool to support teachers with little or no
game programming skills to easily create games to teach recursion in higher education.
Results indicate that CS educators found the designed prototype (RGG) effective for
creating programming games to teach recursion. Further results show that CS1 students
also found the generated games effective and suitable for learning the topic of recursion.
Broadly, this thesis sought to answer three research questions.

RQ 1: What conceptual attributes must a generator tool take into account in order

to generate a game that can teach recursion?
RQ 2: How effective is the use of a generator tool in creating customised game

instances to teach recursion?
RQ 3: What is the suitability and educational potential of the generated games to

enable students to learn the topic of recursion?

7.2.1 RQ 1: What conceptual attributes must a generator tool take into account in

order to generate a game that can teach recursion?

In order to address RQ 1, three sub-questions were further raised and answered. These
sub-questions were significant as they guided the design of a prototype game generator
tool that was used in the evaluation experiments.

Sub Qn 1: What teaching practices are used by programming teachers in Kenya and

South Africa when teaching undergraduate novice students the recursion topic?

In order to understand the conceptual design attributes, it was deemed necessary
to have insights on the current teaching practices adopted by educators when teaching
the recursion topic. It was found that higher education teachers from Kenya and South
Africa spend little time on the topic. In addition, most of them use mathematical text
book examples such as the Factorial, Fibonacci series, GCD, binary search, power of a
number, palindrome, strings, towers of Hanoi, and recursive patterns. Little use is made
of real life scenarios.

Sub Qn 2: What teaching examples or analogies are suitable for designing games

to teach recursion to diverse novice students from Kenya and South Africa?

Given their teaching experience, it was deemed that teachers would provide useful
information on some examples and analogies they thought would be useful to teach
diverse novice students recursion. Results indicate that inclusivity in programming
games design could be advanced by using a variety of teaching examples that could
cater to different learning needs. In particular, simple text book examples and real life
analogies could be designed, bearing in mind individual learning differences among
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learners. It was also observed that care must be taken to ensure that the analogies used
do not introduce extra cognitive load on students.

Sub Qn 3: What design considerations are useful when developing a game author-

ing tool to create games that can teach diverse novice students recursion in Kenya and

South Africa ?

To answer this sub-question, three aspects were examined: (i) unique design factors;
(ii) customisable game attributes; and (iii) pedagogy. Results indicate that the unique
design factors that ought to be considered are context, gender, religion, and childhood
game experience. Meanwhile, the customisable game attributes that teachers could
customise when authoring different instances of recursion games include game genre,
scenario, background, character, interaction style and complexity. Finally, with regard
to pedagogy, it was found that there is need to design instructions in a way that balances
game play and learning. The design should: (i) consider individual differences among
learners, (ii) support construction of knowledge by enabling learners to practice coding
in the game environment, (iii) clearly align game goals and learning goals, (iv) ensure
player fun, engagement and motivation, and (v) promote scaffolding and student help.

In an attempt to answer the first research question, this thesis proposes eight con-
ceptual design guidelines/ principles that could guide requirements engineering and
creation of diverse games to teach diverse students programming. This is a significant
contribution to the body of knowledge in educational games development given the lack
of serious games design principles [52]. Details are discussed in Chapter 3, Section 3.3.

7.2.2 RQ 2: How effective is the use of a generator tool in creating customised game

instances to teach recursion

To address the second research question and to demonstrate the effectiveness of the
proposed game generator tool, three evaluation experiments were conducted. For each,
additional sub-questions were posed and answered as follows;

Experiment One
Sub Qn 1: How useful and easy to use do programming instructors from Kenya and

South Africa find the RGG generator tool?

Overall, most CS1 instructors from Kenya and South Africa found the tool useful.
In this regard, a majority of teachers agreed that the tool would: (i) make them be
more effective and productive, (ii) be useful in creating CS1 games, (iii) give them
more control, (iv) make things easier to get done and, (v) save them time. Teachers
reported that the prototype tool was easy to use, simple to use, user friendly and required
fewest steps to accomplish the tasks they wanted done. In addition, all post task ratings
were positive. For example, participants did not find game generation tasks difficult.
As a measure of task efficiency, an estimate of the time spent while performing game
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generation tasks demonstrates that most participants did not spend much time. Lastly,
most participants were successful in performing the given game generation tasks.

Sub Qn 2: What is the opinion of programming instructors from Kenya and South

Africa about the RGG tool’s learnability?

Findings of the first experiment indicate that most participants found the tool easy
to learn. Particularly, they noted that they learnt the tool quickly and could easily re-
member how to use it.

Sub Qn 3: How satisfied are programming instructors from Kenya and South Africa

with the RGG generator tool?

Regarding the satisfaction metric, CS1 instructors from Kenya and South Africa
reported that they were satisfied with the prototype game generator tool. They saw
an opportunity in the concept of a game generator tool to support CS educators in their
daily work. They also observed that the generated games would be useful for students to
learn the difficult topic of recursion. In addition, they said that they would recommend
the prototype game generator tool to fellow programming teachers.

Overall, results of the usability evaluation of the prototype game generator tool with
CS1 teachers demonstrate that the tool could be effective in supporting CS instructors in
creating games to teach novices the recursion topic. Similarly, this could be generalised
to other abstract CS1 topics.

Experiment Two
Sub Qn 1: How useful do CS1 instructors from the wider CSE community find the

prototype game authoring tool after using it to create games to teach recursion?

CS1 instructors from the wider CS education community found the prototype game
generator tool useful. A majority of participants (75%) thought that the prototype could
be applied in many other CS1 topics and that the generated games are easy to distribute.
Another 72% noted that it could increase integration of the educational value and that
the generated games could support student centered learning. It was also reported by
71% of the total participants that the prototype could reduce game production cost and
effort. Finally, 68% of the total participants thought that the prototype is useful to both
students and teachers and that the generated games are useful for teaching the recursion
topic in CS1.

Sub Qn 2: What design features do CS1 instructors from the wider CSE community

find most useful?
The top five most useful design features are custom game generation, built-in game

generation template, support for common operating systems, no game programming
required, game download and distribution and IDE, respectively.
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Experiment Three
Sub Qn 1: What is the adoption potential of a support tool that uses the concept of

a game generator to help CS trainee teachers to create games that can teach program-

ming?

Mean values for the four AttrakDiff dimensions indicate that CS1 trainee teach-
ers had a positive user experience with the prototype, suggesting a high probability of
adoption. In additional, qualitative comments showed a positive user experience, fur-
ther demonstrating the tool’s potential educational value and adoption.

Sub Qn 2: What is the overall opinion of CS trainee teachers about RGG and the

generated games?

CS trainee teachers see the prototype game generator (RGG) as a useful, easy to
use and learn toolkit for supporting trainees who may wish to adopt GBL but find it a
barrier due to limited game programming skills. In additional, they see great potential
in the generated games to enable students to learn the topic of recursion.

7.2.3 RQ 3: What is the suitability and educational potential of the generated games

to enable students to learn the topic of recursion?

In order to answer the third research question, CS1 students played and evaluated the
generated games and gave feedback on their suitability and educational potential to
learn the recursion topic. This was done in experiment four.
Experiment Four

In this experiment, three sub-questions were answered as follows:
Sub Qn 1: What is the experience of CS1 students after playing games created from

a prototype game generator tool called RGG to learn recursion?

Students’feedback on the Game Experience Questionnaire (GEQ) show that they
had positive experiences while playing the generated games. The positive experiences
were reported on the competence, positive effect, tension, negative effect, and immer-
sion scales.

Sub Qn 2: Which game design features did CS1 students find most useful?

The five most useful game design features according to students were visualisation
(85%), programming learning tasks (80%), Python IDE (75%), player reward and moti-
vation (50%), and navigation and interactions (35%). Students also found the analogies
used in the generated games appropriate for learning the topic of recursion.

Sub Qn 3: What is the overall opinion of CS1 students about the potential of the

generated games to support students to learn the topic of recursion?

In general, CS1 students see great potential in the generated games and find them
useful to enable students to learn the topic of recursion. They mention that the played
games helped them to better understand, made it easy or simpler to learn recursion, and
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helped them visualize the difficult topic. Furthermore, the played games were consid-
ered fun and enjoyable. Finally, students recommend the adoption of such games to
teach the recursion topic and other programming concepts. Lastly, one striking find-
ing from one of the students points to the fact that the played games could potentially
change the attitudes of students towards programming.

Overall, in response to RQ 2: the evaluation by CS teachers found the prototype use-
ful, easy to use and learn and participants said that they were satisfied with it. Teachers
expressed a good user experience. Meanwhile, trainee teacher responses to the Attrack-
diff 2 questionnaire also indicate a positive user experience. In response to RQ 3, CS1
students’feedback on their game play experiences are mostly positive, indicating the
educational potential of the generated games. Consequently, findings of the 4 evalu-
ation experiments provide empirical evidence to demonstrate the effectiveness of the
prototype game generator tool and the educational value of the generated games. Table
7.1 is a summary of the four empirical evaluations.
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Table 7.1 Summary of of Empirical Evaluation studies

Experiments 1 and 2 Experiment 3 Experiment 4

Aim

To evaluate the
usability and user
experience of CS
educators when using
RGG to create games
to teach recursion

To evaluate the
usability and user
experiences of trainee
teachers when using
the RGG to create
games to teach
recursion

To evaluate the
educational potential of
the games generated
using RGG to learn
recursion.

Partici-
pants

CS Teachers (N=30);
and(N=28)

Trainee teachers
(N=22)

CS1 students (N=20)

Study
context Online studies

Controlled lab
experiment

Online study

Instru-
ments USE Questionnaire

Attrakdiff 2
Questionnaire

Game Experience
Questionnaire

Evaluation
criteria

Usability, user
experience, perceived
task performance, and
perceived adoption
potential

Usability, user
experience and
perceived adoption
potential

Game play experience
and perceived
educational potential of
the generated games

Evaluation
metrics

Perceived usefulness,
ease of use,
learnability, user
satisfaction, and
efficiency

Hedonic Quality
Identity, Hedonic
Quality
Stimulation,Pragmatic
Quality, Attractiveness,
and perceived tool’s
adoption potential

Perceived immersion,
flow, competence,
negative effect, positive
effect, tension,
challenge, and
educational potential of
the generated games

Results

Teachers found the
prototype usable, had a
good User Experience
and highly
recommended the
adoption in teaching
programming -
demonstrating its
effectiveness

Trainee teachers found
the prototype usable,
had a good user
experience and highly
recommended the
adoption in teaching
programming -
demonstrating its
effectiveness

Students had a positive
game play experience
and expressed the
educational potential of
the generated games in
learning programming
- demonstrating its
effectiveness

Contribu-
tion

Empirical evidence of
the usability of a
prototype game
generator tool by CS1
educators

Empirical evidence of
the potential and
suitability of a
prototype game
generator tool to
support CS trainee
teachers

Empirical evidence of
the effectiveness and
suitability of the
generated games to
enable CS1 students to
learn the difficult
recursion topic
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7.3 Research Implications

The results of this research have possible theoretical and practical underpinnings for the
design of serious games to teach programming with regard to pedagogy.

7.3.1 Theoretical Implication

The topic on diversity and inclusivity in serious games design featured prominently in
Chapter 3. In this thesis, results of the requirements analysis study show that when
designing programming games, consideration ought to be given to diversity. This is
consistent with findings from the work by Mohamed [176]. As a theoretical contribu-
tion and to advance research in this area, this thesis proposes eight conceptual design
principles that could guide the development of serious games to teach novices program-
ming [18] as discussed in Chapter 3. These principles could be generalised to the design
of other similar GBL learning interventions meant for CS students.

7.3.2 Practical implications

7.3.2.1 Visual coding

This research indicates that novices found learning the topic of recursion through vi-
sualisation effective. This finding is consistent with those of some previous works
[148, 171, 207]. The implication of this on educational programming games design
is to give players (students) an environment where they can visualise the execution of
their codes or algorithms. It also suggests that educators should design instructional
tasks that encourage visualisations, especially for abstract programming tasks.

7.3.2.2 Constructivism in design

Results of the research also show that students found practicing coding using a built-
in IDE in the game-play environment a better and useful way to learn programming.
This has been shown to encourage active involvement and participation in the learning
process [38]. As such, students could construct their own knowledge [75, 121]. The
design implication for serious games to teach programming is to consider having an
IDE embedded in the game-play environment. This could allow students to practice
coding in a game-full and more engaging environment [26].

7.3.2.3 Motivation and fun

Serious games are well known for their motivation, fun and retention benefits to students
[31, 250, 275]. In this research, findings suggest that the design of reward systems in
the form of health points and trophies could motivate students. The implication for the
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design of programming games is to ensure that players are entertained while they learn
or acquire the targeted skills. Given the difficult nature of programming, this design
aspect could be very useful if learners are to be retained in CS courses, especially CS1
[26, 214].

7.3.2.4 Scaffolding and learner help

Novice learners often need support as they gradually learn how to program [157]. In
the current research, it was found that scaffolding and student help are among the top
most useful aspects to students. In literature, Malliarakis et al. and Barness et al.
echoed the need to consider scaffolding in the design of programming games [26, 148].
Likewise, this research confirms that it is worth considering scaffolding when designing
programming games in higher education.

7.3.2.5 Innovation and creativity

A recent study identified a research gap in creativity in CSE [237], particularly in CS1.
Creativity in CS involves the ‘generation of adaptive, useful solutions to problems that

are novel within the relevant context’ [237, p. 4]. The authors argue that one example of
creativity and innovation required in CS could be game development projects, among
others [237]. To address this gap, this thesis proposes to the CSE community a practical,
innovative and a novel game generator tool to support CS educators [19, 16]. This is
one of the research outputs of this thesis. The games generated by the prototype game
generator tool could also inspire creative thinking among students in the practice of
learning programming [237].

7.4 Research Limitations

Despite the enormous potential of this research, it was not without some limitations.
The following are some.

7.4.1 Scope

With regard to scope, currently, the generated games can only be played on Windows
and Linux operating systems (OSs). In addition, due to time constraints, audio effects
were not designed in the games generated by the current prototype. Another limita-
tion of this research is the few levels designed in the generated games. However, the
designed levels are considered reasonable to test the game generation concept. In addi-
tion, this research was only limited to the topic of recursion as a case study. However,
the results of this study are generalisable as the prototype can not only generate games
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to teach the recursion topic but also other CS1 topics as was observed by some par-
ticipants. This is made possible by a built-in game generator template. Moreover, the
proposed game generator approach could be instantiated in many CSE courses other
than CS1. The built-in template is general and independent of the recursion topic or
CS1 course. Thus, it could be applied to generate other instances of educational games
for other CS1 topics or CSE courses.

7.4.2 Sample size

The small number of participants in various studies conducted in this thesis could be
a potential threat to validity and generalisability of results. Another limitation could
be the small number of participants who had used games in teaching. Nonetheless, it
should be noted that some studies have equally shown that lack of educational game
authoring tools [252] and other potential barriers [30] have resulted in low GBL adop-
tion in mainstream teaching, particularly in developing countries. Therefore, the small
number is a clear reflection of this population. Furthermore, for the evaluation study
with CS1 students, the sample size is in line with those of similar prior studies (N=20)
[76, 150].

7.4.3 Student learning gain

Lastly, evaluation of student learning gain was not done in this thesis. The reason
for this was that there are many confounding variables that could have influenced the
student learning gain. Consequently, it would be difficult to conclude that any improve-
ment or gain observed in student learning was directly attributed to the played games.
Furthermore, such a study would need a longer period of time than was feasible in
this thesis. Probably, an in-person CS1 course offering would have been ideal for this
kind of study. Nonetheless, a game experience evaluation conducted with CS1 stu-
dents provided early evidence to demonstrate the suitability and educational potential
of the generated games from the lens of learners. In addition, this research is about the
generator not the game.
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7.5 Future Research and Reflection

7.5.1 Future Research

i) Generalised results
In this thesis, the evaluation experiments were mostly conducted with participants

from Africa with a few from other parts of the world. While the results provide proof
of concept and reasonably demonstrate the effectiveness of using the proposed game
generator toolkit by teachers to create custom games, it would be interesting to consider
more generalised global experiments. It is believed that diversity was to a greater extent
factored in the prototype design as demonstrated in Chapter 3. The experiments also
to some extent showed how the proposed tool could adapt to diverse student body.
However, more studies could be conducted with more students globally on this aspect.

ii) Individualised attention versus usable tools
Whereas students always want individual attention, teachers prefer to teach the same

concepts using usable tools. Consequently, the design of game generator tools should
consider both users. Indeed, within the CSE community, research has shown that stu-
dents feel a strong sense of ownership, originality, and pride even if given a limited
degree to create and customise their own games [231]. Consequently, another potential
direction for future research could be to investigate individualised student attention and
usable game generator tools based on the degree of game customisation.

iii) Controlled Experiments in Online Settings
Given the experience of COVID 19 pandemic, many universities in Kenya were

forced to migrate from the traditional classrooms to virtual learning spaces [11]. In-
deed, the same situation obtained in most universities world over. In some universities,
computer science departments have since then resorted to offering some of their courses
online or on blended mode going forward. One such such course is CS1. This means
that educators must now more than ever employ innovative methodologies to motivate
students. Some teaching and learning methodologies that have gained popularity in-
clude video based learning and video game-based learning [85].

Never the less, “limited research has been done to evaluate the impact of educa-

tional video games authored by teachers through instructor authoring tools on student

perception and performance ” [85, p. 2]. In particular, no study has “compared the ef-

fectiveness of video - based learning and game-based learning using educational video

games authored by teachers through authoring tools ” [85, p. 2]. Further studies are
necessary that could examine the use of game-based learning in online learning spaces.
Using a quasi- experimental design with control and experimental groups, two possible
questions could be investigated in future research [85], namely:
Question 1: ”Is game-based learning using teacher authored video games more effec-
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tive than video-based learning in terms of knowledge acquisition for CS1 students in

online settings”?
Question 2: ”Is game based learning using teacher-authored video games more effec-

tive than video-game based learning in terms of motivation for CS1 students in online

settings”?
iv) In-person longitudinal studies
In future, rigorous in-person longitudinal studies could be conducted with students

to see whether the generated games may be effective for a particular group of students
[108]. Such studies could examine important aspects (student motivation, attitudes,
knowledge and skills, satisfaction and perception [108]) change when using the gen-
erated games over a period of time. In this regard, controlled experiments could be
done in future to investigate the impact on students learning gain when teachers create
programming games using the tool and students learn with the generated games. Such
experiments were not possible in the current thesis due to the limited time and the con-
founding variables which needed careful control to truly observe the effect of the games
on student learning achievement. These type of studies need time and could possibly
span two or more semesters [147].

v)Future Development
Based on the results of this thesis, one possible avenue of future research is a pro-

duction quality game generator tool. This could involve making enhancements to some
features of the prototype generator tool, especially the parts that were not completely
designed due to time constraints. For example, making improvements to allow edu-
cators to easily create serious games from scratch. The work reported in this thesis
mainly tested game generation by teachers when using given game examples. It would
be worthwhile to enable CS teachers to generate their own games from scratch by speci-
fying game assets and the level: (i) programming concept the students will learn, (ii) de-
scription, (iii) programming task (iii) difficulty, and (iv) programming task auto-marker.
This would further give teachers more flexibility and autonomy to design personalised
pedagogy given that they are the domain experts [148, 164]. In addition, teachers would
be able to generate games for additional programming topics other than recursion. Re-
garding the current game examples that teachers can use to create their own games,
more examples and levels could also be designed as an improvement. Finally, regard-
ing the generated games, sound effects could be included to improve the student game
play experience.
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7.5.2 Reflection

This thesis presented findings from the design and evaluation of a novel prototype game
generator tool called RGG to support programming instructors in higher education. The
dissertation addresses an area of genuine interest within the CSE community - the use of
GBL approach in teaching. Teaching and learning programming ought to take place in a
fun and an engaging manner. To realise this goal, CS educators could take advantage of
GBL. However, the adoption of GBL in mainstream teaching still remains low. Teachers
who may wish to use GBL approaches are limited by their game programming skills
and the lack of game authoring tools to support them. We reflect that having a game
generator could effectively enable educators to easily create customised serious games.

The prototype in this thesis is designed to allow teachers to create and download the
games. This is significant in the context of middle-income and poor countries given the
lack of internet access [191]. In addition, this solves the adoption problems of delivery,
distribution and classroom implementation [261]. This could be generalised for univer-
sal solutions. Moreover, as a teaching philosophy, the author believes that all learners
wherever they are in the world should have access to hands-on learning materials. This
is particularly the case if students from poor and middle-income countries are to suc-
ceed in learning programming with games as their counterparts in developed parts of
the world. In view of completely packaged versus completely customised games, RGG
produces completely customised games. As such, the tool can enable teachers to easily
create instances of games by specifying game attributes. Such attributes include: game
scenario, theme, background, color, genre, character, complexity of levels, among oth-
ers. Customisation makes it easy for educators with limited game programming skills
to easily configure various game aspects [3]. In addition, complete customisation would
give teachers the opportunity to adapt the learning materials according to their learners
needs. Whereas packaged tools will appeal to the needs of the general public, cus-
tomised ones are tailored to the needs of a user group. Consequently, customised game
authoring tools would be preferable as long as they cater to the needs of both novice
and specialised users [111, 181].

Overall, despite the generalisation limitations, the evidence provided in this thesis is
valid and useful for advancing GBL in the context of Africa and could be tested globally
by the CSE research community. It is hoped that the insights drawn will ignite scholarly
debate within the community.
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Appendix A

Preliminary study

A.1 Expert interview guide

Please provide your answers to the following questions as accurately as possible

1. How long have you taught introductory computer programming course at univer-
sity Level?

2. What is the size of the class on average?

3. What programming language do you use?

4. What is the background of the students you teach with regard to the degree they
are enrolled for and their past experience with computer programming?

5. In your rough estimate what is the failure rate in introductory programming?
What are some of the factors contributing to the failure?

6. Apart from identifying and correcting errors what are the other general issues that
make learning programming difficult for novices?

7. In your view which 3 topics/areas of the course syllabus do novices find most
difficult to learn starting from most difficult to least difficult? Briefly explain
why and where the difficulty lies.

8. What is your philosophy in terms of the order of teaching the topics?

9. What different teaching strategies/methods have you tried in the past to deal with
the identified difficulties?

10. Have you evaluated the impact of your different teaching strategies?

11. If yes, what was the result? If no what are the reasons?

12. Have you tried using any game in teaching programming concept?

13. If the answer is yes, which game and what was your experience?
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14. From your observation to what extent is it true that ”most university students
rarely visit the university library to read or borrow a course text book to clarify
any topics not under stood in class”? Please briefly elaborate.

15. In overall what recommendations would you give to improve the delivery of In-
troductory Programming course in higher education going forward?

A.2 Survey questionnaire

1. How many years of experience do you have in teaching introductory program-
ming in your university?
O 1-3 years O 3-8 years O 8-13 years O 13-20 years O Over 20 years

2. Which programming language do you use in this course?
O C/ C++ O Java O Python O Other

3. On a scale of 1 to 5 how would you rate the following programming issues on
perceived level of difficulty among novice learners?

1-Very diffi-
cult

2 3 4 5-Very easy

Algorithms and problem solving
Using IDE
Identifying and correcting errors
Understanding programming logic
Programming syntax and semantics
Understanding control structures

4. On a scale of 1 to 5 how would you rate the following topics/ concepts on level
of difficulty to learn among novice learners?

5. Have you ever tried difficult teaching techniques/ methods to help students learn
perceived difficult topics apart from the traditional lecture method?
O Yes O No

6. If your answer is yes to the above question, what is your response to ever trying
the following teaching methods/ approaches?

7. Have you ever evaluated the impact of your different teaching approaches on
learners?
O Yes O No
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1-Very diffi-
cult

2 3 4 5-Very easy

Variables, data types and assignments
Expressions and statements
Input/ output handling
Sequential structures
Selection structures
Looping structures
Arrays
Function definitions and prototypes
Parameter passing
Recursion
Abstract data types and prototypes
Records

Yes No
Peer learning and support
Using a bridging course
Collaborative learning
Group work
Games - based learning (GBL)
Referring students to the library to research on topics not clear in class

8. If you have tried evaluating your different teaching method, what type of response
did you get? ........................................................................................................................................
................................................................................................................................................

9. If your response to Qn7 is no, what has made you not to evaluate the impact on
learners? ................................................................................................................................................
................................................................................................................................................

10. What is your level of awareness of game use in education?
O Not at all aware O Slightly aware O Some what aware O Moderately aware O
Extremely aware

11. To what extent do you agree that well designed simulation games can be used to
teach novices difficult introductory programming concepts?
O Strongly disagree O Disagree O Neither agree nor disagree O Agree O Strongly
agree

12. From your observation, how true is the claim that “most university students rarely
visit the library to read or borrow a course text book to clarify any topics not
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understood in class”?
O Not very true O Not true O Neutral O True O Very true

13. In overall, what recommendations can you give to improve the delivery of intro-
ductory programming course in universities going forward?....................................................................
................................................................................................................................................
................................................................................................................................................
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Appendix B

User requirements study

B.1 Interview guide for teachers

I am designing a game generator tool to aid users (lecturers) automatically generate and
customise educational games that can teach/ demonstrate the concept of recursion to
novice students through visualization. The aim of this survey it to identify key con-
ceptual attributes (game and learning attributes) necessary to stimulate the design and
development of prototype of such a tool.

B.1.1 Teaching recursion experience

1. How long have you taught introductory computer programming course in univer-
sity?

2. How much time do you dedicate to the recursion topic?

3. What content do you teach novices in recursion, and in what order?

4. Have you used games to teach introductory programming concepts in class?

5. What are the potential barriers to the adoption of games approach in teaching?

B.1.2 Recursion educational games and game generator tool design requirements

1. What game features should I consider during design of my tool for the games to
be generated to teach novices (beginner students) recursion?

2. What pedagogical/ instructional design considerations do you recommend for the
games generated by the authoring tool to render them useful in teaching recur-
sion?

3. What teaching examples do you use in class for recursion?

4. What examples/ tasks / game analogies / real life scenarios/ do you recommend
to be designed for the games generated by the tool to allow novices visualize
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both active and passive flows of recursion? Kindly provide sketches of paper
prototypes.

5. What aspects of recursive program execution steps should I design in my games
to make beginner programming students visualise/ see the concept of recursion?
Kindly provide sketches of paper prototypes.
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Appendix C

Experiments 1, 2 , 3, and 4 Questionnaires and Ethics Clearance)

C.1 Experiment 1 (Pre-test questionnaire)

1. Which of the following best describes your age group?
O Below 25 years O 20 -30 years O 31-35 years O 36-40 years O 41-45 years O
46 -50 years O Over 50 years

2. What is the highest degree or level of education you have completed?
O Secondary level certificate O Bachelor degree O Masters degree O PhD. or
Higher

3. Which one of the following best describes the institution where you work?
O High school O Tertiary college O University

4. Please rate your teaching experience in years. Experience here also includes High
school teacher/ course tutor/ teaching assistant [TA] / lecturer position in a higher
education setting.
O Less than 5 years O 5 -10 years O 11-15 years O 16-20 years O Over 20 years

5. Which Computer Science (CS) programming courses do you teach or have taught
before?
O Only Fundamentals of programming (CS0)/ High schools/ College courses
O Only Introductory programming (CS1) Year 1 programming courses
O Only Computer Science 2 (CS2)/ Year 2 programming courses
O Both CS1 and CS2
O Programming courses in other years (OOP in Yr3)
O CS1, CS2 and OOP in YR3

6. Which of the following programming languages is used to teach fundamentals of
programming / introductory programming course in your institution?
O Python
O C
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O C++
O Java
O Other

7. Do you consider yourself a gamer?
O Yes O No

8. If yes, how often do you play video games for leisure in a month?

O Daily O 2 to 3 three times a week O Weekly O After 2 weeks O After 3 weeks

9. If no, why? .......................................................................

10. Have you ever had any experience of teaching programming using games?
O Yes O No

C.2 Experiment 1 (Post-test questionnaire)

1. Which Operating System did you use to test the tool?
O Windows
O Linux
O MAC
O Other

2. On a scale of 1 to 7, overall please rate how easy or difficult you found each of
the following tasks to be?

1-Very dif-
ficult

2 3 4 5 6 7-Very
easy

Task 1: Creating my user ac-
count and logging into the sys-
tem
Task 2: Creating a custom game
using a given example by follow-
ing a few steps
Task 3: Customizing the gener-
ated game
Task 4: Downloading the created
game
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3. On a scale of 1 to 7, overall please rate how easy or difficult you found each of
the following tasks to be?

1-Very dif-
ficult

2 3 4 5 6 7-Very
easy

Task 1: Creating my user ac-
count and logging into the sys-
tem
Task 2: Creating a custom game
using a given example by follow-
ing a few steps
Task 3: Customizing the gener-
ated game
Task 4: Downloading the created
game

4. On a scale of 1 to 7, overall please rate how easy or difficult you found each of
the following tasks to be?

1-Very dif-
ficult

2 3 4 5 6 7-Very
easy

Task 1: Creating my user ac-
count and logging into the sys-
tem
Task 2: Creating a custom game
using a given example by follow-
ing a few steps
Task 3: Customizing the gener-
ated game
Task 4: Downloading the created
game
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C.3 Experiment3 Questionnaire - Part A: Demographics

In this survey you will provide your demographic information and your final free comments 

about your experience with the proposed game generator tool. 

Part A: Demographic Information 

1. Which of the following best describes your age in years? 

 O   Below 18 years       

 O   18 to 19 years     

 O   20 to 21 years      

 O   22 to 23 years       

 O   24 to 25 years          

 O   Over 25 years 

 

2.  What are your 2 teaching subjects?  

 O Computers and Maths       

 O Computers and Physics      

 O Computers and Chemistry   

 O Computers and Business studies   O Other               

 

3. Do you consider yourself a gamer? 

O Yes 

O No 

  

4. How would you rate your skills in game programming? 

O Non at all 

O Low  

O High  

 

5. Did you study Computers in Secondary School? 

O Yes 

O No 

 

6. Have you been taught any programming course using games? 

O Yes 

O No 
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C.4 Experiment3 Questionnaire - Part B: User experience when creating a game

with a static game example (Prototype with a static game example)

 

Please provide your impressions of the Recursive Game Generator Tool after creating and 

playing a dynamic custom game by check marking your impression on a scale of 1 – 7 

between the terms offered in each line below. 
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D: Free text questions 
 

1. What are some of the bugs or technical issues you encountered during the usability test? -

------------------------------------------------------------------------------------------------- 

-----------------------------------------------------------------------------------------------------  
2. Please freely provide any further overall opinions/ advice about the Recursive Game 

Generator tool? -------------------------------------------------------------------------------------- 

-------------------------------------------------------------------------------------------------------- 
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C.5 Experiment3 Questionnaire - Part C: User experience when creating a game

with a dynamic game example (Prototype with a dynamic game example

 

Please provide your impressions of the Recursive Game Generator Tool after creating and 

playing a dynamic custom game by check marking your impression on a scale of 1 – 7 

between the terms offered in each line below. 
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D: Free text questions 
 

1. What are some of the bugs or technical issues you encountered during the usability test? -

------------------------------------------------------------------------------------------------- 
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2. Please freely provide any further overall opinions/ advice about the Recursive Game 

Generator tool? -------------------------------------------------------------------------------------- 
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C.6 Questionnaire for Experiment 4 with CS1 Students

Part A: Demographic information 
 
 

1. How old are you?________________________________________ 
  
2. Are you majoring in Computer Science? 
O Yes 
O No  
 
3. How would you rate yourself when it comes to programming in 
Python? 
 O Very poor     O Poor   O Neutral    O Good   O Very good  
 
4. Do you consider yourself a gamer? (A gamer is somebody who 
likes playing computer games) 
O Yes 
O No 
  
5. Have you been taught using games before? 
O Yes 
O No  
 
6. Which game did you play? 
O Mushroom picker game 
O DnD game 

193



C.7 Experiment 4 Game Experience Questionnaire

Part B: Game Experience (Game Experience Questionnaire) 

Please indicate how you felt while playing the given generated game 

for each of the following items on the scale: 0 - Not at all, 1 - Slightly, 
2 - Moderately, 3 - Fairly, 4 - Extremely. 

0 – 

Not at 

all 

1 2 3 4- 

Extremely 

1 I felt content 

2 I felt skilful 

3 I was interested in the game story 

4 I thought it was fun 

5 I was occupied with the game 

6 I felt happy 

7 It gave me a bad mood 

8 I thought about other things 

9 I found it tiresome 

10 I felt competent 

11 I thought it was hard 

12 It was aesthetically pleasing 

13 I forgot everything around me 

14 I felt good 

15 I was good at it 

16 I felt bored 

17 I felt successful 

18 I felt imaginative 

19 I felt that I could explore things 

20 I enjoyed it 

21 I was fast at reaching the game's targets 

22 I felt annoyed 

23 I felt pressured 

24 I felt irritable 

25 I lost track of time 

26 I felt challenged 

27 I found it impressive 

28 I was deeply concentrated in the game 

29 I felt frustrated 

30 I felt like a rich experience 

31 I lost connection with the outside 

world 

32 I felt time pressure 

33 I had to put a lot of effort into it 
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C.8 Experiment4 Questionnaire - Parts C , D and E

Part C: Perceptions of Learning Value and Enjoyment (Adapted from [3]) 

 

On a scale of 1 to 5, please rate your perceptions of the learning value and enjoyment of the 

played Mushroom Picker game to the extent that you disagree or agree to the following 

statements. 

              

 1-SD 2 3 4 5-SA 

1 I found practicing coding using a Python IDE in the Mushroom 
game environment a motivating way of learning programming 

     

2 I found the mushroom analogy/ metaphor chosen for the Mushroom 
Picker game appropriate for learning the recursion concept  

 

     

3 I found visualization in the Mushroom Picker Game a better  way of 
learning recursion 

     

4 The Mushroom Picker game played was effective for leaning the 
concept of recursion 

     

 

 

On a scale of 1 to 5, please rate your perceptions of the learning value and enjoyment of the 

played DnD game to the extent that you disagree or agree to the following statements. 

              

 1-SD 2 3 4 5-SA 

1 I found practicing coding using a Python IDE in the DnD game 
environment a motivating way of learning programming 

     

2 I found the swing sword analogy/ metaphor chosen for the DnD 
game appropriate for learning the recursion concept.  

 

     

3 I found the factorial analogy chosen for the DnD game  
appropriate for learning the recursion concept 

     

4 The DnD game played was effective in learning the concept of 
recursion 

     

 
Part D: Feature Usefulness (Adapted from [2,4]) 

 Overall, what game interface design features did you find most useful? 

     Python Integrated Development Environment (IDE)  

     Programming tasks  

     Character customisation  

      Player reward and motivation (through health points and unlocking trophies)  

      Color use and design layout  

      Multimedia elements  

      Navigations and interactions  

Other ___________________________________________________________ 

Part E:  Open Ended questions (Adapted from [2,3] 

1. What changes would you like to see in the generated games to improve their effectiveness 

for learning? 

 

2. What is your final comment about the generated games? 
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C.9 Experiment 1 Positive Comments Open Ended Responses Raw Data

Participant ID #1 like #2 like #3 like

1 There were no technical issues. 

The encounter was amazing.

The generator tool prototype is a convenient tool 

for generating games, especially for teachers to 

use as a teaching aid.

2 Easy to use It's fast and reliable project based learning User-friendly

3 Make explanation of concepts 

easy

Abit easy to use
Easy to access help

4 Its practicabilty The ease of use Quick response on the difference action

5 if incorrect, option to play again error messages on retun

display of both the game and IDE

6 Automatic checking of errors Trophies won by students Customization

7 The coding test for students The game generator
Easy to get help

8 Teaching recursive topic opportunity to customise the game different asset in the game

9 gives the learner an opportunity 

try out tasks

ability to try different options

chance to repeat a task and seek help

10

11 Simplicity User interface Instructions

12 Easy to use doesn't require programming skills Easy to download

13 The ability to create my own 

games

The trophy and point incentives to motivate 

learners

The proper labels and description during game 

development

14 the tool is user friendly easy to use very well elaborated steps

15 Could add fun to doing some 

programming

No

No

16 Easy to use Short steps rewarding

17 It is a fun and effective way to 

teach Recursion in Computer 

Programming.

It is user friendly.

Easy to use.

18 easy to use fun easy to generate games

19 It takes someone step by step on 

how to do the task

It can Motivate student to learn on there own it promotes Creativity and exploratory learning

20 Allowing users to customize 

actors

Ability to downlod the game

Ability to write simple codes

21 I think it is  a really fun way to 

teach from basic to more 

advanced programming concepts

One problem lecturers face with teaching 

programming is the abstract nature of 

programming constructs. THis game does a 

lovely job of making the constructs visual and 

concrete for learners

I just thought it was very easy to use, very 

quick to set up and that it would be fun to do 

in class

22 Login and account creation 

feature seems solid and well-

implemented.

Game generator tool is relatively minimalistic, 

which I like

It gives the option of creating a game from an 

existing template quite quickly

23 easy to implement easy to learn good interface

24 Generation feature Customisation feature The idea is great

25 Customisation Trophy Programming interphase

26 It is simple to use Easy to customize very interactive

27 creating game from scratch Generating different kinds of games customizing game

28 user friendly easy to use teaches recursion well

29 game generation learning motivation rewards learning support comments

30 Integration of programming 

interface

Health points award for task completed 

successfully

Penalty/loss of points for tasks not completed 

successfully

What three things did you like most with the game generator tool
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C.10 Experiment 1 Negative Comments Open Ended Responses Raw Data

Participant ID #1 di-slike #2 dis-like #3 dis-like

1 Logging in and verification of code Require skilled personnel More tool should be added

2 Needs a lot of time to understand Difficult
Help not very comprehensive

3 It doesn’t allow full programming by 

the students

Not flexible in changing the program outcome

None

4 not sure of any trophies plays in one domain -- perhaps need like league, 

championship or etc. not sure if the levels in the game 

can problem this5 Language options not available Errors handled are limited Limited Coverage

6 Iinvolving too many steps The game loading took some time to complete because of 

slow internet speed Initially difficult steps

7 quality of the 3D experience is poor not so engaging takes time to learn

8 not all learners learner phyton none none

9 its based on recursion; which is 

somewhat an advanced concept of 

programming.

x

x

10 Very poor feedback Need to give better feedback as levels progress Not informative enough on progressive levels

11 The issue of log in before use The tool should be very important if physical class is 

conducted before use Recursion is an advanced topic for novice learners

12 The interface in not intuitive Lack of support of other operating systems The authentication process is too strict for a teaching 

tool

13 n/a n/a n/a

14 Instructions to students in the given 

examples is really fuzzy

Given examples are not informative and to my opninion 

not always correct Could not figure out how I can create my own games

15 n/a n/a n/s

16 None. N/A. N/A.

17 not easy how to figure how to use it in 

the first place

the code in the IDE is somehow not easy to figure its 

purpose

the ide should state clearly that it expects one to write 

python code using python conventions like 

indentation.18 It take abit of time to generate the 

game

It requires some one to follow all steps

does not provide hints on how to solve the problem

19 static movement Dwonload time for the game Incoporation of audi file

20 The UI( sorry) I think that it might be a bit of a miss for girls - we often 

forget about females when we think programming Nohting else

21 NA NA NA

22 Game customization feature is not 

well-explained at all (especially the 

automarker and code completion 

sections for the students), not even by 

the video. The tutorial video is also far 

too long

Lack of ability to customise more parts of it (for 

example, the editor, language (cannot even choose 

Python 3, which is more recent), and the general flow of 

it)

Help section is confusing and it takes effort to notice 

and remember relevant parts

23 easy to apply good can be used to teach even low level students

24 User Interface Auto marker feature vague Registration feature

25 I expect to see the Sprite show what 

the program is doing or how the 

recursion happens.

Too much steps to follow

I only observed the two points mention above

26 A number of steps to log in Loosing health points on wrong tasks No comments

27 loging in is problematic student may be carried away by entertainment aspect of 

games Creation of games requires several trials

28 could improve the pictures to be 

funnier

not applicable not applicable

29 charcter animation not clear user interface is too plain lack of debugging suggestions

30 Use of python, is not common in 

introductory to programming classes

Dwelling on one concept, that is recursion Downloading and setting up the tool, it should run 

from cloud

What three things did you Not like most with the tool
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C.11 Experiment 1 Final Comments Raw Data

Participant ID Final Comments

1 There were no technical issues. The encounter was amazing.

2 A Good tool for teaching programming

3 Wonderful tool... Great

4 It is a good tool that forms an excellent basis for game programming

5 on validating the code, show display other ways to code the problem. i feel like it validate 

the code basing on programmers syntax only. if the programmer can provide other 

syntax, i think would be helpful6 It would be a good tool if completed

7 It's a good teaching and learning tool for programming language teachers and students

8 Great! has the potential to support learning CS

9 its a good tool  for teaching pogramming at lower levels

10 should be expanded to support other programming concepts

11 It is a good tool. However, more needs to be done on the feedback mechanisms of the 

tool. Consider telling the student what is wrong with the code in the way better than an 

IDE does, or like what an IDE does.

12 The tool simplifies programming to a great extent

13 Its an excellent tool that will definately improve learning gains

14 perfect tool for teaching programming.

15 This seems to be an interface to an existing auto-grader. It is not all clear how the auto 

grader works.16 Its a useful learning tool to us lecturer and students.

17 I strongly recommend it for adoption in teaching Recursion in Computer Programming.

18 its a brilliant tool for teaching the concept of functions and recursion in particular.

19 Good for teaching Programming at an introductory level

20 The research is very useful and it will enable our students to  learn how to use such 

algorithms by implementing them in games applications.21 I think it is lovely and a lot of fun - I think it would help a lot of students and lecturers 

and maybe entice some of the lazier kids to get involved.

22 Overall, I don't think that the games that this tool generates would teach students 

recursion more effectively than the usual assignments given in Computer Science 

courses. To be blunt, I think this is just a nice way to "gamify" any programming task, not 

just recursion. There are actually games out there on the market, that I have played, that 

teach much more about the concepts behind recursion than this tool, unfortunately. Also, 

I noticed quite a few spelling mistakes and strange behaviours in the generated games 

(for example, we don't automatically go to the next level when finishing a level), but I 

don't want to go into too much detail here. I feel that the creator of this tool must 

definitely do some more research on current games on the market that can teach 

programming (since these would also be available to universities, for a price), as well as 

academic literature perhaps (although I am not well-versed in this area of Computer 

Science at all) and make design decisions for the Recursive Game Generator Tool 

informed by what is currently state of the art.

23 its a very good tool

24 The User Interface should be improved, automarker should be well explained, put 

practical examples

25 It will much appealing to introductory programming students if the game is not just 

about text based programming in recursion but as well show how the it happens in 

graphic form.

26 I highly recommend the use of  this tool in teaching programming

27 its very applicable in programming

28 it is good

29 This is a great tool that can help students to connect class concepts with real 

applicability.I would recommend it to be improved further, and  adopted for teaching.

30 A very good tool
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C.12 Experiment 2 Open Ended Responses Raw Data

Participant ID Positive and Negative and Suggestion for improvement Final Comments

1 May be useful but the current user experience in getting started reduces the potential 

value
2 Cool, good work!

3 The tool is good and I strongly recommend it.

4 Interface The tool is useful and the idea thereof

5 There is no feedback if there are errors - e.g. are they syntactic 

or semantic? could highlighting of the error line for the former 

be included? Or could the basic syntax of the IF statement be 

displayed somewhere whenever an IF is required for example? 

For D&D you should give the value of 0! rather than say output 

0! ie rather say output 1. It would be nice if some "well done 

you have slayed all the dragons" or similar 'well done you are

The best part is the way it has students gradually build up the coding of a recursive 

solution. The advantage of that cannot be overemphasised - well done!

6 Character customization Reward scheme It can be helpful in engaging students in programming classes

7 It is friendly It enhances creativity

8 None Easy to use

9 Very easy and interesting to use leads to faster game generation

10 It's web based, would wish it's offline A very interesting app for teaching ICT students

11 It is a good invention

12 Web designing Requires an orientation for Teachers because its the best tool for teaching.

13 Its the best tool. And will recommend to my colleague it will help to produce 

students who know how to do things.thnks to the team for the thought

14 It was interesting Good game recommended for teaching

15 Its a wonderful tool for learning

16 Not applicable Until I use it

17 It is interesting It is of important use

18 Being web based, means only useful when and where there is 

internet, perhaps costly to some

Very good item. Much needed in our systems!!

19 It's userfriendly It's a an interesting tool

20 It is a good and helpful

21 IDE looks dull. Could have integrated a more attractive IDE 

e.d. Visual code, Atom, Sublime, Jupyter Notebook. These IDE 

support you as you type in terms of code completion or even 

highlight errors in the code, instead of waiting to see the error 

on run time.

Happy with the whole idea of gamification in education that's why I am willing to 

share this with my gaming students.

22 It is a promising tool and the future customization of games and their problems will 

be fantastic.  However, I would like to call attention to some of its characteristics. 1) 

The Mushroompicker is great. It abe used to help students to understand LOOP 

also. In the case of the last question (regarding recursion), as the students can not 

see all the paths and their obstacles, they may have some problems reaching a 

good solution. 2) In my opinion, students may experience a cognitive load on trying 

to understand what they have to do to solve the Runner game.

23 Easy and could save time Could be very useful for teaching.

24 The generated package is rather large, over 70 MB. But I guess 

that with Unity there is not much to do as the library itself is 

large.

The tool seems to create the games as expected. It is simple but provides the 

essential aids.

25 Log in feature The built-in template

26 None. It is a timely and very useful game generator tool that makes it easier for me to 

create customised games to assist in teaching the  topic of recursion.Its Help, built-

in game generation template, Custom game generation,  game download and 

distribution support features stand out in making it very easy to learn and use. I 

also like the fact that it has support for common operating systems (Windows and 

Linux).I highly recommend it for widespread distribution and use.

27 Optimizes on available resources to improve learning and 

teaching skills

Worth to be adopted by higher learning institution in the face of changing 

technological innovation

28 Usage and zero-programming Interface gas to improve
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C.13 Experiment 3 Open Ended Responses Raw Data

Participant ID Bugs or Technical issues Final Comments/ Opinions and Recommendations for Improvemenet

3 There were no technical issues. The encounter was amazing. The generator tool prototype is a convenient tool for generating games, especially for 

teachers to use as a teaching aid.

5

7 none The game should be more presentable and realistic. use real and attractive features

8 knowing the exact manner of inputting the solutions was tricky 

and how to indent to in the right way was hard too .

the game looks interesting and fun to play ,easy to generate but a clear procedure 

should be put in place   on how to  indent and place the solutions.

9 none at all I recommend the game

10

11 Failure to run a program due to some of my errors in my 

program

Increases and establish  our programming skills  Can be used by teachers in teaching 

because first it is more fun, Challenges learners to be also innovative in the field of 

developing games Good for teaching because it is more interactive between the 

teacher and learners

12 Slow internet

13 Low network connections It can help students and teachers in programming

14 network server buffer it is great and enjoyable

15 There were no issues encountered. The game generator tool is a noble idea since it aids teachers to teach programming.

16 I didn't encounter any problems during the test. Yes its a good idea.

17 None at all This is a good generator tool for teachers even though they dont have the skills to 

generate. Therefore it is

18

19 Indentation was somehow challenging. It is a very interactive game and practical making learning easy

20

21 Network speed was very low. It is an interesting game which boost our speed in gaming.It was a good experience.

23 no technical issues the games are just good

24 syntax errors its usable to teach

25 no technical issues yes i agree

26 slow internet The creation of the game was good and a learning experience at the the same time. 

More practices should be done for familiarity.

29 Actually i didn't have any bugs the functioning of the program 

was very straight-forwad and precise

I'd advice on working with providing different colors for the conditionals and 

statements as it will most likely help the students to keep track of their code 

efficiently especially when it comes to modifications and debugging, it will help to 

reduce the plain looking codes that are all in grey. Otherwise i like the game and i 

think it will provide a good platform for game developer wannabes. I'm not much of 

a game developer but seeing that helped paint a picture of the whole process while it 

also makes the process look simple. Keep up the good work.
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C.14 Experiment 4 Open Ended Responses Raw Data

Participant ID Suggestion for improvement Final Comments

1

Do not limit the games to recursion, teach almost every module 

using games or real world application

They were fun, and challenged my knowledge on recursion

2

The interface. It felt old. It should be modernized. Real-time

change. It would be great if when you enter a piece of code, 

some change would happen in the game, without having to 

write the full code and realise at the end that the code has bugs.

They were a bit difficult to understand. It was hard to determine what to do taking 

into account that I don't know recursion. They assumed some knowledge of 

recursion.

3

I do not believe that the analogy used for the D and D game 

was effective. If compared to the Mushroom Picker game, 

where there was a clear set of steps that needed to be repeated, 

the D and D game was harder to visualize. I think that a more 

fitting analogy would greatly improve the learning experience 

of the D and D game. For example, something like a car being 

required to move around a race track for a specified number of 

laps would have been more fitting.

When I was initially taught Recursion in CSC1015F, I found it extremely hard to 

understand due to the fact it was pretty unconventional compared to standard looping 

mechanisms. However, in the way that the Mushroom Picker game was presented, I 

felt it was much easier to grasp the concepts being taught. Furthermore, the gradual 

approach of the games was extremely effective in comparison to being taught the 

entire section in a few days with few physical examples.

4

It was beneficial with regards to the visualisation of concepts relating to recursion 

and developing and understanding of the types of situations recursion in useful for.

5

The games are fine for learning, though I felt I wanted more. A 

little more challenge would be nice or rather extra stages.

I enjoyed the games, especially the DnD game. Adventure is a good genre for 

learning and it matched the concept (recursion) nicely. I look forward to another 

more games.

6

A more user friendly IDE  Clearer instructions Good Color use 

to increase convenience for the user More demonstrations and 

examples  Pseudocode hints

The idea to use games to learn programming is a good one and with good thinking 

behind it would help a lot of beginner programmers. However programming will be 

programming if the students are not exposed to algorithms and pseudocode and just 

told to pop them out.

7

There should be more of a build up as in DnD to a whole 

recursion solution. I also feel as though the tasks were not very 

clearly and it would be nicer to get some sort of feedback when 

things go wrong otherwise it is frustrating. Maybe a 

leaderboard could be nice to motivate people too. The DnD 

game was very nice to play to learn recursion as it asked for 

tasks that made sense and there was a gradual build up to a full 

recursive call that we had to do ourselves.

I think the concept is cool and it would be nice to learn recursion using interactive 

games. I think it helped me understand the concept better and it was easier to 

understand through visuals and working through a game.

8 Very strategic approach and with the right type of games t could help a lot.

9

The games were appropriately content- related and quite fun. The DnD game did not 

have a visual layout so I could not understand fully what was expected of me since 

the method I used was incorrect.

10 Possibly more guidance when approaching a new level.

I really enjoyed them. They were quite helpful to a large degree and make learning 

programming a lot easier.  I would suggest starting easier though for beginners, 

however I am aware this was meant for people with some kind of python experience.

11

Resources within the program to show you how the coding 

works. Such as how to access the 2D array and iterate through 

it

The games didn't actually teach anything. They were more of a test of my skills. 

There was no information or way to learn about recursion.

12 It helped a lot in learning programming as it made it a bit simpler to learn.

13

I think the tutorials should be more in depth. I really struggled 

with the Mushroom Game. To me the first level's code was too 

complex and I struggled. The IDE was also not ideal in that 

game. It was however very suited to the DnD game. The DnD 

game had me whizz through the levels because the 

explanations and manageable goals really helped.

Overall, I enjoyed the experience. I disliked the Mushroom game and think it's too 

much for a novice but I enjoy the DnD game with it's explanations and bite sized 

code. It really made recursion easier, when it's taught step by step like that. I could 

see myself getting into coding as a hobby if it was taught with games. I hope this 

helps with your research.

14

I would like to see more interesting and realistic analogies than 

the swinging of the sword.

The games were very fun and provided a much more enjoyable and different learning 

experience which I think should be adopted here and there.

15

Better visualisation of the running code would help. It felt like 

you needed to have an understanding of recursion to know 

what was happening.  The code pre-populated in the IDE had 

formatting that wasn't accepted by the compiler. I had to re-

write a lot of it to get the code to work.

I think there is potential for using games to teach concepts like recursion, but these 

did not have the visualisation requisite to clarify the concept.

16

This games are way too good and I think it's time kids play those kind of games to 

learn programming

17

The concepts were effective implantations for learning recursion, however the poorly-

worded instructions, confusing layout and overall frustrating UX made it incredibly 

difficult to get to the parts of the games that actually worked.

18

If I were being introduced to recursion for the first time 

through these games, I would have been completely lost. The 

games and goals were not explained well, and I was confused, 

specifically with the DnD game, about what we were and were 

not allowed to add or return. It would help if there was a 

visualised and explained solution that came up as optional after 

a few attempts at the level. Otherwise, it becomes really 

frustrating.   The mushroom picker would benefit from a 

guided tutorial- knowing what solution exactly the game 

wanted, although I had "picked" (to my understanding) the 

mushrooms, was confusing.

The mushroom picker game, if combined with story like the DnD game, has the most 

potential to be useful as a tool for learning recursion. The visualisation was helpful to 

a lot of us when we watched videos to understand programming concepts like these, 

so it definitely is something students would appreciate if implemented correctly.

19

I think that the fact that it was so interactive and visual is what helped me better 

understand the concepts of recursion
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